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THE  INTERNATIONAL.  JOINT 
COMMISSION BEGS LEAVE TO 
SUBMIT TO  THE GOVERNMENTS 

CANADA THE FOLLOWING AS 
ITS PROGRESS  REPORT  UPON 

THE  REFERENCE: 

OF  THE UNITED  STATES  AND * 

and in  mhat localities bare the boundary 
I' I .  To mhat extent and  by  what causes 

waters betmeen the United  States  and  Can- 
ada been polluted so as to be injurious to 
public health and unfit for domedic or 
other use3 ? 
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AUQUST 1, 1912. 

International  Joint  Commission of the United  States  and  Canada. 

SIRS : 
I have the  honor to inform you that,  at  the  joint request of the Government of the  United  States  and 

of the Government of the  Dominion of Canada, under  the provisions of Article I X  of the  Treaty of January 11, h 
1909, between the  United  States  and  Great  Britain,  the questions or matters of difference set forth below, 
whi,ch have arisen between them  involving  the  rights, obligations, or interesis of each in  relation to the other, 
or to  the  inhabitants of the  other along their common frontier between the  United  States  and  the  Dominion 
of Canad,a, are hereby referred to the  International  Joint Comsmission for examination  and  report  upon  the 
facts  and’ cineurnstances of the  particular questions and  matters  referred,  together  with such conclusions and 
recommendations as may be appropriate. 

The questions so referred  are as follows: 

“1. To what  extent  and by whet causes and  in  what localities hlave the boundary  waters between the 
United  States  and  Canada been polluted so as to be injurious  to  the  public  health  and  unfit  for domestic 
or other uses ? 

“2. I n  what way or manner, whether by the  construction  and  operation of suit’able drainage canals 
or plants  at convenient points or otherwise, is it possible and advisable to  remedy or prevent  the pol- 
lution of these  waters, and by what means or arrangement a n  the  proper  construction or operation Qf 
remedical or preventive works, or a system or  method of rendering these waters sanitary  and  suitable 
for domestic and  other uses, be best secured and  maintained  in  order to  secure the adequate protection  and 
development of all  interests involved on both sides of the boundary, and  to fulfil the obligations undertaken 
in  Article IV of the waterways treaty of January 11, 1909, between the  United  States  and  Great  Britain, 
in which it is agreed that  the waters therein defined as boundary  waters and waters flowing. across the bound- 
ary  shall  not be polluted on either side to  the  injury of health or property on the  other?’ 

I am,  Sirs, your  obedient servant, 

1’; (”. K N O X .  

NOVEMBER 19, 1912. 

International  Joint  Commission,  United  States  and  Canada. 

GENTLEMEN : 
I have the honor  to inform you that  the  Governments of the  United  States  and  Great  Britain,  having 

considered &e inquiry of the International Joint Commission as .to the scope of the  investigation required 
by the  first of the two questions submitted  jointly by the two Governments in  their  letter of August 1 last, t,o 
the Commission for  their  investigation  and  report,  namely : “To what  extent  and by what causes and  in what 
localities  have the  boundary waters between the  United  States  and  Canada been polluted so as to be injurious 
to the public health and unfit  for domestic or other  uses?” have reached an  accord that  the  inquiry is to be 
confined to cases of pollution of boundary waters on one side of the  boundary which extend to and affect the 
boundary waters upon  the  other side. 

1 have the honor to  he, Gentlemen, 

Your obedient servant, 

P. (7. K ~ o s .  
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PROGRESS REPORT OF T ~ E  INTERNATIONAL JOINT COMMISSION ON THE REFER- 
ENCE BY THE UNITED STATES AND CANADA  IN  RE:-THE  POLLUTION OF 
BOUNDARY WATERS EXTENDING ACROSS THE BOUNDARY TO THE INJURY 
OF HEALTH OR PROPERTY ON THE OTHER SIDE, AND BY WHAT MEANS IT 
IS POSSIBLE TO REMEDY THE SAME. 

-~ ~ 

Under  the  terms of Article IX of the  treaty of 
January 11, 1909, between the  United  States  and 
Great  Britain,  the Governments of the  United  States 
and df the  Dominion of Canada  jointly  referred  to 
the  International  Joint Commission for examina- 
tion  and  report,  with  such conclusions and recom- 
mendations  as  might seem apgropriate,  the follow- 
ing questions :- 

(1) To what  extent  and by what causes and  in 
what localities have the boundarywwaters between the 
United  States  and  Canada been polluted so as to be 
injurious  to  the public health  and  unfit  for domestic 

' or other uses ? 
(2)  I n  what way or manner,  whether by the con- 

sthetion  and  operation of suitable  drainage  canals 
or plants  at convenient points or otherwise, is it 
possible and advisable to remedy or prevent  the 
pollution of these  waters, and by what means or 
arrangement can the  proper  construction or opera- 
tion of remedial or preventive works, or a  system 
or method of rendering these waters  sanitary  and 
suitable  for domestic and  other uses be best secured 
and  maintained  in order to  insure  the  adequate pro- 
tection  and development of all  interests involved on 
both sides of the boundary, and to fulfil  the obliga- 
tions  undertaken  in  Article IV of the waterways 
treaty of January 11, 1909, between the  United 
States  and  Great  Britain,  in which it is agreed that 
the waters therein defined as  boundary waters and 
waters flowkg across the  boundary shalI not be pol- 
luted on either side to  the  injury of health  or pro- 
perty  on  the  other? 

EXTENT AND IMPORTANCE OF INVESTIGATION. 

From  the official census of the  United  States  and 
Canada, it appears  that  more  than seven million 

- 

people live  on the boundary  waters between these two 
countries, from  the  Lake of the Woods on the west 
to St. John River  on the east, a distance of almost 
two thousand miles. 

By far  the  largest  part of this  population is cen- 
tred  in  the  growing cities on both sides of the  line 
situated on the  rivers  connecting  the  Great Lakes 
system between the  United  States  and Canada. At 
all these great  centres of population, and  at  all  other 
places on this boundary, these waters are used for 
sanitary  and domestic  purposes and also for  the  pur- 
pose of sewage disposal. As shown by the  report of 
the  sanitary  experts herewith submitted,  and made a 
part of this progress report,  the use of these  waters 
for  the purpose of sewage disposal has a t  many places 
and  at  all of the  large  centres of population above 
referred to, especially those situated on the connect- 
ing rivers, resulted  in gross .pollution of these waters, 
and  in some places it extends  from shore to shore, 
reaching  as  high as 34,000 B. coli per 100 C.C. I n  
addition  to  the  pollution  thus occasioned, twenty- 
six thousand vessels passed through  the  Detroit 
River  alone in 1912. It is estimated  that these and 
other vessels navigating  the  Great  Lakes  and  their 
connecting rivers  carried  during  the season of navi- 
gation  that year a population of not less than fifteen 
million. The sewage of these vessels is discharged 
and disposed of indiscriminately  along  their  sailing 
route, and  in  the  harbors where they  land,  contri- 
buting very materially to the  pollution  found  to 
exist  and complained of by the peoples in  both coun- 
tries. 

The foregoing facts serve to  illustrate  the  terri- 
torial  extent,  as well as  the  magnitude  and  vital  im- 
portance, of the questions  contained in  the reference 
of the two Governments to  this Commission for 
investigation  and  report.  They also show that  the 
investigation of these  questions involves seriously the 
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health of millions of people living  in  both countries, 
as well as  the good faith of two great Governments 
in  the observance of their solemn treaty  stipulation 
that  neither will injure  the  health or property of the 
people of the  other by pepmitting these boundary 
waters to be polluted  on  either side. 

PLAN FOR INVESTIGATION CONSIDERED AND ADOPTED. 

With a profound sense of its responsibilities in 
the premises, and  with a view to  facilitating  the 
work thus  submitted  to it by the two Governments, 
the  International  Joint Commission proceeded, first, 
to  consider and  prepare a  practical,  comprehensive 
plan  for  carrying on the  investigation.  For  this 
purpose sanitary  experts  and  health officers of the 
States  and  Provinces affected in both countries were 
called in,  and  their advice and co-operation were 
sought  and  freely obtained. As the  result of these 
conferences and  consultations it was agreed that  the 
questions contained in  the reference  divided them- 
selves naturally  into two parts, namely, the  fact 
and  extent of pollution  and  the remedy. It being 
manifest  that before the Commission could proceed 
intelligently  with  the  investigation of remedies it 
must  first  ascertain a t  what places, from  what causes 
and  to  what  extent  these  waters were in  fact pol- 
luted, and whether or not  such  pollution extended 
across the  boundary so as  to affect the waters on the 
other side, the Commission, with  the  aid  and assist- 
ance of these eminent  sanitary experts, prepared  and, 
on the  the  20th of February, 1913,  adopted,  a broad, 
coimprehensive plan  for  the  conduct of the investiga- 
tion of the  first questions to be ascertained, viz., a t  
what places, from  what causes and to what  extent 
these waters are  in  fact  polluted.  At  the same time 
the Commission appointed Messrs. Streeter (of the 
TJnited States Section) and Powell (of the  Canadian 
Section of the Commission)  a  committee, authorizing 
them  to  take  charge of and have general supervision 
over the  investigation of the  first questions contained 
in  the reference in  pursuance of the  plan  adopted. 

Thereafter,  and  until September,  1913, this inves- 
tigation was conducted and  carried on under  the 
supervision and  direction of this committee. I n  
September,  1913, the committee reported,  fully  to  the 
Commission the progress of the  investigation ; the 
results accomplished by it up  to  that  time,  and what 
the Commission itself had done in  the  matter of 
promptly  initiating  and  carrying on the  investigation. 

For the purpose of this  report we herewith  adopt 
and  submit  as  a'part thereof so much of the  report 
of said committee as is relevant  to  the  first  branch 
of the investigation,  reserving the  remainder of 
said committee report  for  consideration  in connec- 
tion  with  the  investigation  and  report  on  the second 
branch, or the remedies for  the  pollution  found  to 
exist  as  the  result of the bacteriologic examination 
of these waters  carried  on by the  sanitary  experts 
under  the  direction of the committee. 

PRELIMINARY COMMITTEE REPORT. 
A brief record of the proceedings relating  to  this 

investigation  prior 'to the  making of this  report may 
later be found useful. 

The questions (see letter of reference) were con- 
sidered at   the October, 1912, oaeeting of the Com- 
mission a t  Ottawa,  and, upon  invitation, Dr. Allvln J. 
McLaughlin, of the' United  States  Public  Health 
Service, and Dr. T. A. Starkey, of McGill Univer- 
sity,  Montreal, appeared before the Commission and 
were consulted wi t i  reference to  formulating  an  ad- 
visable plan.  for  the investigat:ion of the questions 
referred. 

A question having  arisen  with reference  to the 
intended scope of the investigation, and  adjourn- 
ment was taken  for  the purpose of obtaining  the 
views of both  Governments upon  that question (See 
infra).  The two Governments having reached an 
agreement  regarding it and  forwarded  the same to 
the Commission, November 19, 1912 (see infra), 
the  matter was taken  up  at a qecial  session of the 
Commission a t  Washington, November 21, 1912. 

The methods of conducting  the  investigation were 
there considered in conference with  experts repre- 
senting  the  Canadian  and  Ontario Governments and 
others, but, it being thought advisable that  the offi- 
cials of the public health  department of New Ypk 
should be consulted and  their co-operation  invited, 
the  adoption of a specific plan was postponed. Mem- 
bers of the Commission conferred with  Health Com- 
missioner Porter  and  Secretary Seymour, of the 
public health  d,epartment of Yew York, who ex- 
pressed the  earnest desire of that  department to 
eo-operate with  and  aid  the Commission in  the inves- 
tigation,  but advised that a general conference of 
other  State  and  Provincial boards of health  inter- 
ested in  the  investigation would be desirable ; and  at 
their suggestion  a  conference was held a t  Buffalo on 

1 
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Dccember 17, 1912, a t  which, upon  invitation of the 
Commission, the iollowing-named officials and ex- 
perts were present  and  participated: Mr. John 
Thompson, K.C., representing  the  Dominion Gov- 
ernment,  Ottawa ; Dr.  Frederick Montizambert, 
Director-general of public  health,  Dominion of Can- 
ada, Ottawa ; Dr.  Charles A. Hodgetts, medical 
adviser, Commission of conservation,  Ottawa ; Dr. 
John A. Amyot (Director of laboratories), of Pro- 
vincial board of health of Ontario, Toronto ; Dr. 
J. W. S. McCullough, Chief health officer for On- 
tario, Toronto; Mr. F. A. Dallyn, C.E., Provincial 
sanitary engineer,  Ontario, Toronto ; Mr. Theodore 
J. Lafreniere,  sanitary engineer,  board of health 
Province of Quebec, Montreal; Dr. Allan J. Me- 
Laughlin,  United  States  Public I-Iealth Service, 
Washington ; Ron. George Clinton, Buffalo ; Mr. A. 
13. Seymour, Secretary  State  department of health, 
Albany; Mr. Theodore  Horton, chief engineer  State 
department of health, Albany ; Dr. Edward  Clark, 
medical health officer, State board of health,  Buffalo; 
Mr. George I€. Norton,  deputy  engineer commis- 
sioner, department of public works, Buffalo ; Dr. 

. Francis E. Fronczak, health commissioner, Buffalo ; 
Dr. 13. A. Whittaker,  assistant director, laboratory 
division, Minnesota  State board of health,.St.  Paul, 
Minn.; Dr. John W. Hill,  State board of health, Cin- 
cinnati,  Ohio: Dr. Edward BaAow, director  State 
water survey, Urbana,  Ill., Mr. W. M. Mills,  presi- 
dent  Niagara  frontier  pure-water conference, North 
Tonawanda, N.Y.; Mr. W. G. Palmer, member of 
the  Niagara  pure-water conference, North  Tona- 
Wanda, N.Y.; Mr. Irving I;. Pruyn, Oneonta, N.Y. 
Representatives from  the  health  departments of 
Michigan,  Wisconsin and  Pennsylvania were invited 
hut were unable  to  attend. 

The conference was organized by the  appointment 
of Mr. A. H. Seymour,  secretary of the New York 
public  heaIth  department, as chairman,  and Dr. 
Allan J. McLaughlin, of the  United  States  Public 
Health Service, as  secretary ; and  the Commission 
requested the advice of the conference as  to  the 
points  in  boundary waters where investigation should 
be made, the  general  nature of the  investigation  at 
these  points, and  other  matters of detail. 

The conclusion was reached that  the  points of 
investigation of international  boundary  waters  as 
to  pollution by sewage should include  the  Rainy 
Ever ,  St. Mary's River,  Lake St. Clair,  River St. 

Clair,  Detroit River, Niagara River, St. Lawrence 
River, following this  latter  into  Canadian  territory 
as far  as  may be necessary; together  with investiga- 
tions of the waters in  the vicinity of Port  Arthur, 
Fort  William  and  Duluth on Lake Superior, the 
Saginaw  Bay on Lake  Huron,  and  the lower end of 
Lake  Huron  in  the vicinity of Sarnia  and  Port 
IIuron,  the western end of Lake  Erie  and  in  the 
vicinity of Cleveland and  Port  Stanley,  the  eastern 
and western  ends of Lake  Ontario, also a t  Rochester 
and  Toronto,  and  that  dher  international  paints on 
the  boundaries  outside of the  Great Lakes system 
above described be investigated if subsequent,ly 
deemed advisable. 

The conference further advised the Commission 
that- 

This  investigation will include a  bacteriological 
examination of samples taken,  including  the bacteria 
count and the  qualitative  and  quantitative  estimation 
of B. coli according to standard methods, and such 
chemical examination  as  may be subsequently deemed 
necessary. 

Further  details  relating  to  the  investigation were 
also considered. The Cornmission thereupon re- 
quested Drs. McLaughlin  and  Starkey  to  prepare a 
comprehensive  detailed plan  for  the investigation, 
to be submitted to the Commission for its considera- 
tion a t  a meeting to be held a t  Detroit  in  February, 
1913. 

On February 20, 1913, (at a meeting of the Com- 
mission at  Detroit, a  detailed plman was submitted  for 
conducting  the  investigation  and  for  carrying on the 
field work, which plan was adopted. 

I n  pursuance of these plans  Dr.  McLaughlin was 
employed by the Commission as chief sanitary  expert 
and  director of field work, and Dr. J. W. S. McNCul- 
lough, chief health officer of the  Province of Ontario, 
and Dr. John A. Amyot, professor of hygiene, Uni- 
versity of Toronto, were employed as consultants. 
The  latter have been actively employed with  Dr. 
McLaughlin  and  other  competent  experts  in  taking 
samples and  making necessary bacteriological exam- 
inations of the  waters at  the  points specified. Their 
work and  the  report  to be made in October will here- 
after be referred to. 

At  the same meeting,  February 20, 1913, the gen- 
eral supervision of this  investigation was assigned to 
Messrs. Streeter  (representing  the  United  States) 
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and Powell (representing  Canada),  and they were 
requested to  examine  and  report at  the  April meet- 
ing what, if any,  testimony  could  usefully be taken 
or other  things done to  forward  the  investigation 
pending  the  report of the  sanitary  experts to be had 
on or before  November, 1913. 

On April ‘7, 1913, a t  B meeting of the Commission 
in  Washington,  the  committee  made  the following 
report :- 

1. That we have  examined the  present  status of 
the  pollution question so far  as it is  related totthe 
Niagara  frontier, have had personal  conference  with 
parties  interested,  including  the  health  and  engin- 
eering  departments of the  city of Buffalo. 

2. That we think it useful  and desirable to  take 
’ certain  test,imony of parties,  associ.ations, and  muni- 
cipalities a t  Buffalo, and possibly at  other places  on 
the  JNiagara  frontier,  during  the  coming  summer, 
probably in  May and  June,  but  the  extent to which 
such taking  is advisable cannot be determined  until 
the  taking  shall be begun. 

3. That  the record of such  testimony as  is here 
advised  will be valuable for use in  hearings  on  the 
second question #after  the  sanitary  experts  shall mlake 
their  report on the  first question, and will  materially 
advance the  time  for  making  a final  report. 

They recommend the adoption of an  order  in sub- 
stance t s  follows : 

ORDERED, that  the committee  having  general  super- 
vision of the  investigation of the  pollution of bound- 
ary waters be requested to proceed as proposed by 
their  report  in  the  taking of such  testimony  on  behalf 
of the Commission as may ‘seem to  them desirable and 
useful in  forwarding  the  investigation of the ques- 

. tions  submitted as rapidly  as  may be. 

The foregoing  order was adopted as recommended 
by the committee. 

RBARING AT BUFFALO, N.Y., JUNE 9 AND 10, 1913. 

Conferences were had  with officials of Buffalo and 
New York  departments of health  and others, and 
the committee  began an examination of various  ques- 
tions  which  almost  necessarily would grow out of 
this  investigation  and  the  ascertainment  and  appli- 
cation of practicable  and  “advisable” remedies for 
the  pollution of international waters. With  refer- 
ence to  the  pollution of the  Niagara River,  a hearing 
was  had and  testimony  taken at  the  Federal Building, 
Buffalo,  on June 9 and 10, 1913. A full notice of 
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such hearing  had been published  generally in  the 
newspapers on  the  Niagara  frontier,  and copies of 
the  notice  had been sent to  the  health  department 
of the  State of New York, to the  chairman of the 
conservation commission, and others.  By this no- 
tice, “ all  interested persons,  associations, and  muni- 
cipalities  desiring  to  submit evidence or statements 
relative  to the foregoing  questions are  (were)  in- 
vited to be present.” 

The following-named officials and  parties  inter- 
ested  entered  their  appearance before the  committee: 

For the New York  public  health  department, Mr. 
Theodore Horton, chief engineer. For the  city of Buf- 
falo,  Dr. Francis E. Fronczak, health commissioner, 
and Mr. George H. Norton  deputy  engineer commis- 
sioner. The Motor Island  Channel Conference Asso- 
ciation,  organized to consider and  act  with reference 
to the  matter of pollution of the  Niagara River, was 
represented by Mr. A. C. Dwyer, of Lockport,  ita 
secretary ; Hon. George A. Brock,  mayor of Lock- 
port; Dr. F. A. Waters, health officer of Lockport; 
Mr. Harlan W. Brush, of North  Tonawanda  (also 
representing the board of trade) ; Mr. A. W. Brad- 
shaw  (also  president of Tonawanda Business Men’s 
Association) ; and Mr.  Charles G. Peterson (also 
superintendent of  the waterworks, Lockport).  The 
Niagara W,ater  Conference  appeared by its chairman, 
Mr. William M. Mills, of North Tonawanda, and  the 
city of Lackawanna by its mayor,  Mr.  Robert H. 
Reed, and Mr. Frank D.  Caldwell.  Mr.  Millard F. 
Bowen, president ; Hon. George Clinton,  counsel ; 
George R. Sikes, engineer; appeared for  the  Erie 
and  Ontario  Sanitary Oanal  Company, ‘in  support of 
the proposed specific plan of that company for rem- 
edying  existing  pollution of Niagara River, but 
involving the diversion of 6,000 second-feet from  the 
waters of Lake  Erie. 

All the foregoing were heard  and  all desired to 
co-operate  with and  aid  the Commission in finding 
an efficient “ advisable ” remedy for  the  existing pol- 
lution of Niagara  waters ; but all,  as well as  the com- 
mittee  itself,  fully  appreciated  the difficulties sur- 
rounding  the  solution of the problem, and  the  opin- 
ions brought  out  in  the  testimony were% the  main 
tentative  and  preliminary.  The  representatives of 
New York  and Buffalo,  while admitting.  that  the 
putting of raw sewage into  the  Niagara  River should 
be stopped,  desired further  time  to consider the ques- 
‘tion of method. 
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JURISDICTIONAL LIMITATIONS O F  COMMISSION, SEC- 
RETARY KNOX’S NOTE OF NOVEMBER 19, 1912- 

SCOPE OF THE INVESTIGATION. 
PARTS O F  BOUNDARY WATERS INCLUDED IN THE 

The  original  reference of the  questions by the two 
Governments,  August 1, 1912, was broad  enough to 
include an investigation of all  boundary  waters as 
the same are defined in  the  treaty;  but, when the 
question  first came  before  the  Commission at   the 
Ottawa  meeting, October, 1912, the question  arose 
whether, under  the reference, all  boundary  waters 
were to be covered by the  investigation,  and  a  letter 
was addressed  to  both  Governments,  requesting  an 
expression of their views  in such manner  as they 
might, deem proper, 

as to  whether or not  the broad scope of the  inquiry 
is to be circumscribed by construction so as  to con- 

. fine the same  to cases of pollution of the  boundary 
waters  upon  one  side of the  boundary which  may 
extend  to  and  affect  the  boundary  waters upon the 
other side. 

Under  date of November 19, 1912, the Commis- 
sion were informed,  through  the  letter of Mr. =OX, 

Secretary of State,  that  the  Governments of the 
United  States  and  Great  Britain 

have  reached an  accord that  the  inquiry  is to be con- 
fined to cases of pollution of boundary  waters on 
one  side of the  boundary which  extend to and affect 
the  boundary  waters  upon  the  other side. 

Up to the  adjournment of the  Washington  meet- 
, ing,  April, 1913, it was assumed by the Commission 

that,  under  the  jurisdictional  limitations suggested 
in  Secretary ‘Knox’s note of November 19,  1912, 
those  portions of boundary  waters  to be covered by 
the two qnestions could not be ,accurately  determined 
until  the  sanitary experts’ report  should be completed 
and filed with the  Corrumission ; but, at  the Buffalo 
hearing on June  9th the committee,  through  in- 
formal  reports of the  experts  in  charge of the field 
work, had  information  (although not official) that, 
under  the  strict  terms of the reference,  the  investiga- 
tion  must  in any event cover the e n t h  Niagara 
River. 

With  this knowledge, the  committee  did  not feel 
justified in delaying  their  investigation  on  the  Niag- 
ara  frontier  to  await  an official report  from  the  sani- 
tary  experts. 

From  the  resulk compiled by the  experts, we now 
know (‘September, 1913) that the investigation must 
cover a t   l a s t  five waterways, namely:- 

(1) Niagara  River, 
(2) Detroit  River  and  connecting  waterways from 

Lake Huron to Lake  Erie. 
(3)  St. Mary’s River. 
(4) St. Lawrence  River,  from  Lake  Ontario to 

a  point where it departs  from  the  boundary. 
(5)  A portion of the St. John River. 
From  our  present  information,  the  condition on 

the  Niagara  and  Detroit  waterways seems to be the 
most  serious. We believe that, between Duluth  and 
the  outlet of Lake  Ontario,  the  investigation  will 
probably be limited to the  boundary  waters above 
named  and  the  contiguous  ends of the  lakes  and will 
not  extend  into  the open  waters of the  lakes except 
with  reference  to that  pollution caused by the  dis- 
charge of sewage and  polluted  ballast  water  (see 4 
infra)  from  steamers  and  other vessels in  transit 
across the lakes. 

POLLUTION DISTRIBUTED BY LAKE VESSEXS. 

Lake vessel data.-On June 10 the  committee  ap- 
plied  to  the+Secretary of the  Treasury,  through  the 
State Department,  to  secure  the  necessary  informa- 
tion, stating  that- 

The  information  required is whether  lake vessels 
carry  any  retaining device for holding  human ex- 
creta or whether  the sewage outlet pipes of the vessels 
discharge  directly  into  the  water. It is  desired  to 
secure  these  data  from as many vessels as possible 
durirtg  the  period  from  July 1 to October 1. 

On June 30 the  cornpittee were informed by the 
State  Department  th,at  the  Secretary of the  Treasury 
had  issued instructions to  the officers of tbe  Public 
Health  Service on duty a t  Buffalo,  Cleveland, Detroit 
and Chicago to  obtain for the  committee  the  informa- 
tion  desired ; and we understand  that  the  report of 
the  sanitary  .experts  to be filed in October will fur- 
nish  the Commission the necessary data  to  enahle 
it to  deal in  part  at  least  with  the  quedion of  pol!~z- 
tion by lake vessels. 

Water ballast.-But the foregoing  data  may  prove 
insufficient to cover a class of lake vessels complained 
of a t  the  Buffalo  hearing,  This  refers  to those ves- 
sels  which, bkfore leaving  port,  take on a  greater or 
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less amount of water  ballast and  discharge  the same 
just before entering  the  port of destination. In   m:h  
cases a vessel might  discharge  a  large  amonilt of 
dangerously  polluted  water in  the otherwise urlcon- 
';aminated  waters of a  harbor  near enough to the 
intake of a city  water  supply  to  cause great danmge. 

Such  danger would, however, be lessened if all 
cities  shall be required  to  purify  their water  supplies 
as is  hereinafter suggested. 

This  matter  required  further specific consideration 
by the Commission. 

TI-IE NJAGARA RIVEIl SITUATION-BUFFALO AND 
OTHER  CITIES. 

l h a i r m g e  area.-The area  within  the  State of New 
York draining  into  Lake  Erie  and  the  Niagara River 
above the  Falls  is  approximately  estimated at  2,050 
square  miles;  but  that  part of such  area from which 
all sewage and  surface  drainage is discharged  directly 
into  the  river  is somewhat  less.  An  accurate  state- 
ment will be later  furnished. 
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Present population.-The  population of the  terri- 
tory  on  the  American side at  and above the  Falls 
draining  directly  into  the  Niagara  River or near  its 
head  is  estimated at about 615,000, of wbich  about 
100,000 is rural or village  population and somewhat 
over 500,000 are  in  the  cities of Lackawanna, Buf- 
falo,  Tonawanda, North Tonawanda, and  Niagara 
Falls.  All  the sewage of the above cities,  except 
Lackawanna,  is  discharged in a  raw state  directly 
into  the river, and  the sewage of Lackawanna,  also 
untreqted,  is  discharged  through Smoke's Creek, 
whose outlet  is one and one-half  miles above the 
head of the  river. & 

Water supplies.-All the above cities,  with  Lock- 
port  (population 1'7,790 in 1910) and a part, if not 
all, of the villages near  the  river bank,  take their 
public  water  supplies  for  drinking  and domestic  uses 
directly  from  the river. 

Pollution.-The report of the Commission's  sani- 
tary  experts will state  with scientific  'accuracy the 
present  pollution of the  river,  but we are now ad- 
vised that below the  Falls  the waters of the  river  are 
uniformly  and dangerously  polluted from bank to 
bank, and  that  the municipalities  on  both  the  Cana- 
dian and  American  sides of the  river  are thereby 
affected. 

Above the  Falls  the waters a t  varying  distances 
from the American  bank are polluted by the raw 
sewage of the above-named  cities.  What, if any, 
portion of the sewage pollution of these  cities  extends 
across the  international  boundary above the  Falls will 
be determined by the sanihary  experts'  report, but 
the  public  water  supplies of each of said  cities, when 
taken  from  the  river  without  purification,  are  in 
varying  degrees and  at varying  times  injuriously, if 
not dangerously,  affected by the sewage pollution 
from  the  cities  farther  up  the river. 

The  extent of sewage pollution of the  Niagara 
River prior  to  1911  and  the  danger  to  the public 
health  is shown in Bulletin No. '7'7, prepared by Dr. 
McLaughlin  and issued, by the  United  States  Public 
Health Service in  July, 1911. 

Buffalo.-The effect on the public  water  supplies 
of cities farther down the  river by the  discharge of 
raw sewage from  cities above ,at  times-has been, and 
any  time may become, a  serious  menace to public 
health,  but  the location of Buffalo a t  the head of the 
Niagara River, its population  (now  estimated at 
more than 460,000), and  the  fact  that  all  its sewage 
is  untreated  and is  discharged  into  the  river above 
the  intakes of the  public water  supplies of. all  the 
cities below, make  Buffalo the most important  factor 
in  the problem of the  pollution of the  Niagara River. 

While other  cities  contribute,  the  principal pol- 
lution of the  river comes from  the sewage of 
the  city of Buffalo. Of the population  within 
the  drainage  area of the  river  in New York, 
Buffalo  has  nearly or quite  four-fifths. A 
large  increase in  the population of this  territory 
in  the m a r  future may  reasonably be anticipated, 
and  with such  increase, the necessity of diminishin.g 
the  pollution of the  river  is  apparent.  That changes 
in  its methods of sewage disposal must be made  in 
the  near  future  is  frankly  admitted by the Buffalo 
representatives who appeared  before  your  committee. 
What changes can FJb' made  is being officially and 
seriously  consider9d.  An  expert  report, under  date 
of June, 1913,  on the  availability of Squaw Island 
as 'a site fQr sewage-d.isposa1 works for  the city  has 
been ofkially examined and was submitted  in evi- 
dence at  the  June hearing. Mr. Rudolph Hering 
has recently been consulted by the  city  with reference 
to  its sewage  conditions, and his report  is expected 
at  an e,Arly date. Examination  is being made of the 
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recent progress of other  cities  in  methods of sewage 
disposal. 

From  the  beginning of our work, the  representa- 
tives of Buffalo, as well as  the  chairman, secretary 
and engineer of the New York department of health, 
have not only expressed but have at  all  times exhib- 
ited ,an earnest desire heartily  and  sympathetically 
to eo-operate with  and  aid your committee and  the 
Commiwion in  finding a practical  and " advicvable '' 
remedy for  the  existing  pollution of the  Niagara 
River. They also  desire the  aid  and advice of the 
Commission and  its  experts  in working out  their 
individual problems relating  to  this pollution. 

We apprehend no difficulty in  arranging  future 
convenient procedure. From personal conferences 
with offici'als and  representative  men o f .  all these 
cities  (on  the  Niagara  frontier) we believe that they 
earnestly desire respectively to  adopt  such preventive 
measures as will result  in  safeguarding  the public 
health  along  the  Niagara. We think  they  fully  ap- 
preciate  the necessity of united  action  to  that end, 
and  that  the obstacle to  their  joint  action  hitherto 
has been their  apprehension  that  an equitable adjust- 
ment of burdens which each should  bear in  the 
removal of the common dmanger could not be reached. 

The  International  Joint Commission, enjoying  the 
confidence of all these  cities as  an  impartial  inter- 
national  tribunal,  after  hearing  all parties, can  un- 
doubtedly establish  a just  and equitable plan  for 
remedying  the  Niagara conditions, which will be 
approved by all  cities  and  municipalities affected 
thereby. We 'are ooddent  the New York  State de- 
partment of health  and  the  {Canadian health authori- 
ties will eo-operate with  and  render  to  the Commis- 
sion the most  available aid  in working out  an  equit- 
able and  satisfactory solution. 

Canadian  municipalities on the  Niagara.-In the 
foregoing  report on the  Niagara  situation  the com- 
mittee  has  not  referred  to  the  municipalities on the 
Canadian shore, namely, Fort  Erie,  Bridgeburg, 
Chippewa, Niagara  Falls,  and  Niagara-on-the-Lake. 
The water supplies of all these places are  taken  from 
and  their sewage (untreated)  is discharged into  the 
Niagara River, but  the  extent of our investigation 
on the American  side  since the  April  meeting of the 
Commission has prevented an  examination on the 
other  side except with reference to  Niagara-on-the- 
Lake, at  the  mouth of the'river, where the  injurious 
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effects of the  pollution  from  the  upper cities  on the 
river have been seriously felt. 

Such  examination will be greatly aided by the 
report of the  sanitary  experts  in October and will 
be reported later. 

Present  status of Niagara investigation.-For the 
information of the Commission in its further investi- 
gation, we here record  generally facts  relating  to  the 
present  status of the work of the committee in  addi- 
tion  to those stated elsewhere herein. 

At  the Buffalo hearing, June 10, Mr. Theodore 
Horton, chief engineer of the New York  State 
health  department,  submitted  his views relative to 
this  Niagara pollution,  expressing inter alia the fol- 
lowing opinions: (1)  That ,all water supplies taken 
from  the river  should be purified in  any  event;  (2) 
that it is  not  prudent to permit  the raw sewage of 
these  cities to be discharged into  the  Niagara  River; 
(3 )  that  all sewage should be treated before being 
discharged into  the river. At  the conclusion of  the 
testimony ,a desire was expressed by the committee 
that Mr. Horton would further c o n d e r  the ques- 
tions, and  the following  reply was made: 

I should be very pleased to give it considepation. 
The comlmissioner of health  and myself want to do 
everything we can to assist your Commission. We 
are working in co-operation and  sympathy  with you 
in  getting  light on this subject, and  although  my 
views may not be in  perfect  harmony  with yours, I 
believe they are largely so. 

We understand  the New York  health  department 
has  had  under  consideration  the  entire  Niagara prob- 
lem and is now ready to advise with  the committee. 

On the  24th of July a  conference was had a t  
Albany between Mr. A. H. Seymour, the secretary 
of the New York State health  department, Mr. 
Horton,  and a member of the committee, at  which 
were discussed the questions  being  investigated and 
the method of procedure  to  best forward  the investiga- 
tion  and  the position which the  department would 
take relative to  the proceedings. Upon Mr. Sey- 
mour's suggestion, it was decided that a conference 
of the committee  with Dr. Porter  and Mr. Seymour 
(chairman  and secretary of the  State  health  depart- 
ment)  and  the Buffalo representatives,  including  the 
mayor, Dr. Fronczak, Colonel Ward, Mr. Norton,  and 
others,  should be held a t  Bufialo, August 26th, for 
the purpose of arranging  definite  plans of procedure 
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in which all  interested  parties  should  co-operate  with 
the committee. This conference was unavoidably 
postponed, but we think it should be arranged  for  an 
early  date. 

At  the  Buffalo  hearing,  Dr.  Francis E. Fronczak, 
health commissioner, and  Mr. George H. Norton, 
deputy  engineer  commissioner,  represented  the  city 
of Buffalo.  Many  conferences  have been had bysthe 
committee  with  these two officials, and one  with Col- 
onel  Ward,  head of the  public works department. 
The  hearty  and  systematic co-operation of all these 
Buffalo  representatives  has been very helpful  to  your 
committee. We believe they  desire to  aid  in  the 
ascertainment of the best  practical  plan that can be 
devised for remedying the  Niagara  pollution. 

At  the conclusion of the  hearing,  the Buffalo  repre- 
sentatives  agreed  to  consider further  what Buffalo 
would regard  as  a  practical  solution of the  general 
probleun and  present  their views to  the committee 
within two or  three  months. It was then  understood 
that a further  hearing would be had  in September. 
We are  informed by Mr.  Norton,  under  date of Sep- 
tember  4th, that  the city  has been in consultation  with 
Mr. Rudolph  Hering  regarding  their  sanitary condi- 
tions  and expected to have an outlined  report  from 
him by that date,  which  had not been received. From 
a  telegram received from Mr. Norton on September 
l l th ,   the  committee  hope to receive  information 
regarding Mr. Hering's report which  can be made 
use of herein  before this  report is filed. 

We have had various  conferences and correspond- 
ence  with helpful suggestions from Mr. J. P. Cham- 
berlain, of the  legislative  drafting research fund of 
Columbia  University,  with  reference  to  questions 
which  may  grow out of this  investigation. 

Conferences  have been had  with Mr. X. H. Good- 
nough,  engineer  Massachusetts  State  board of health, 
relative  to  the  sanitary questions  involved.  Many 
conferences  have been had  with Congressman  Robert 
H. Gittins, of the  Niagara  Falls  district, who has 
heen helpful in many ways, and  with others. 

FIELD WORK OF THE COMMISSION IN THE INVESTIOA- 
TION OF POLLUTION OF BOUNDARY  WATERS. 

The field work is being  carried  out  according to 
the  plan  adopted,  with some slight modifications. 
The schedule of laboratory work set forth on page 11 
of the plan of investigation  has been closely followed. 

The officials of the  State board of health of Michigan, 
after conference  with  Dr.  McLaughlin,  placed  a 
laboratory in  the field and took care of project No. 2 
at  Port Huron. Request was made to  the  Secretary 
of the  Treasury  for  the  detail of a  revenue cutter  to 
assist  the commission  on the  Detroit River. This 
request was complied,  with, and  the U.S. revenue 
cutter " Morrill," with  a  laboratory  and staff f,ur- 
nished by the  United  States  Public  Health Service, 
carried  out  project No. 4 at  the  mouth of the  Detroit 
River. 

The New York  department of health  placed one 
laboratory in  the field and  carried  out  project No. 
10 at  Youngstown, N.Y. The Province of Quebec 
asked that  in  the  project  allotted  to it (project No. 
16) the work be done in  Montreal  instead of Valley- 
field. Consent was given, and  with  this change 
project No. 16  was carried  out by the Province of 
Quebec. The Province of Ontario  and  the  United 
States  Public  Health Service  carried out  the  other 
projects  as  outlined in  the  plan. I n  addition,  the 
laboratories of the  Province of Ontario  made  investi- 
gations at  Fort Frances, Port  Arthur,  Fort  William 
and  Port Stanley. 

The field work is now nearly  completed, and  the 
entire  data will be in  the  hands of the  director of 
field work before  October 1. 

Besides the  changes  noted above, changes in cross- 
section  lines  and  'sample  points were made by making 
additions  to  the  plan where  those  additions seemed 
necessary or desirable. As a  result,  the  number of 
samples  examined  is  considerably in excess of the esti- 
mate  in  the  plan,  and we beIieve that a very compre- 
hensive and  accurate  map of the  pollution of these 
waterways  will be made. The results  will show not 
only the existence of pollution  and  its  extent  in area, 
but also the d,egree of intensity of pollution  measured 
by the  number of B. coli bo a  hundred cubic centi- 
metres of water. 

The  resulting  data  from  the  entire field work will 
be compiled  and  exhibited  on diagrammatic  plans 
so arranged as  clearly to  show to laymen  as well as 
experts  the exact sanitary  condition  found  in all 
boundary  waters  included in  the  sanitary survey. 

As the  report of this survey  will be made to the 
Commission at  an early  date, the  statement of 
further details by your  committee seems  now un- 
necessary. 
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DETROIT RIVER AND CONNECTINQ WATERWAYS. 

Your Committee are led to  believe that  the con- 
ditions  on  the  Detroit River, including  connecting 
waterways between Lake  Huron  and  Lake  ?Erie,  fur- 
nish a difficult problem-possibly greater  than  the 
Niagara conditions. Your committee had  arranged 
to go forward  with  this  investigation  early  in  the 
present  month of September,  but were unavoidably 
prevented. 

We are satisfied, however, that  in working out  this 
problem the Commission will have the  earnest  sup- 
port of the  Michigan  ,State board of health, with 
Professor  Victor C. Vaughan, of the  University of 
Michigan,  as  president, and Dr. R. L. Dixon, of 
Lansing,  as secretary. These officials have been very 
helpful  to  the committee and  the  director of field 
work in  the  general  sanitary survey. 

By a recent  act of the  Legislature of Michigan, 
to become effective at   an early date, the  control over 
public  water  supplies  and  the disposal of sewage 
throughout  the  state  has been given to  the  board of 
health, and  .the active  co-operation of the board may 
be expected by the Commission. 

METHODS OF TAKINQ EXPERT TESTIMONY. 

Before determining  what recommendations the 
Commission will make  to  the two Governments on 
the questions submitted,  with reference to  remedying 
the  pollution of Niagara  River  (and  other  points  in 
boundary  waters), it will  probably be thought wise 
to take  the advice of sanitary experts bo aid  the 
Commission in forming  their  judgment thereon. 
This, of course, may be done in  the  usual way  of 
taking  testimony  orally;  but we refer  to  the (method 
adopted by the  metropolitan sewerage commission of 
New York, which will be found in their  report of the 
present  sanitary  condition of New York  Harbor  and 
the degree of cleanness which is necessary and suffi- 
cient  for  the  water  (published Aug. 1, 1912). 

On page 71 of that  report will be found a chapter 
headed " Summary of opinions of various experts 
consulted by the Commission." It will be noted 
(p. 72) that a  series of questions intended  to  elicit 
the  opinions of the  experts was prepared by the Com- 
mission and  submitted  in  writing.  The replies of 
the  experts were published with  the  report of the 
Commission. We recommend this  as a satisfactory 
method of obtaining such advice. 

ST. JOHN RIVER INVESTIGATION. 

At a  special meeting of the Commission held at  
Montreal, September 3, 1913, Mr. Powell, for  the 
committee  in  charge of the first branch of the pollu- 
tion investigation, reported  that,  from reliable infor- 
mation respecting the  pollution of the waters of the 
St. John River, his committee would recommend a 
bacteriologic examination of these  waters under  the 
plan  adopted by the Commission and  under which 
the  examination  and  investigation of other boundary 
waters have been conducted. Thereupon,  the Com- 
mission adopted the following order:- 

Pollution of Boundary Waters. 
St. John River and tributaries:- 

ORDERED, that  the chief sanitary  expert  in charge 
of the  investigation of pollution of boundary waters 
be directed to extend  his  laboratory  investigations 
to the  international  portion of the St, John River 
and its tributaries to such extent  as he  may deem 
necessary to  fulfil the objects of the reference  re pol- 
lution of boundary waters!. 

Montreal,  September 3, 1913. 

Under  the  direction of the Committee, the sani- 
tary  experts  thereafter  installed  and equipped  a 
laboratory at   Van Buren, M'aine, and proceeded as 
directed by the Commission with  the bacteriologic 
examination of the waters of said river where the 
same marks  the boundary between the  United  States 
and Canada,  a distance of about seventy miles. 

At  the  regular session of the Commission held a t  
Ottawa October 7, 1913, Mr. Powell, on behalf of 
the  committee  reported that  the  investigation of the 
waters of the St. John River would be concluded 
about November 1, 1913, and  that  with  the comple- 
tion of this investigation the field investigation of the 
first questions  contained in the reference to  the Com- 
mission by the two Governments would be finally con- 
cluded. He  also reported  that  the  data collected, in- 
cluding  the necessary maps, would be tabulated  and . 
prepared, and  that  the final report of the  sanitary 
experts on the  first  branch of the  investigation could 
now  be prepared, and he recommended that  the  report 
be made and signed by the  sanitary experts as  their ' . 
joint  report of the  facts  and conclusions as  found 
by them as the  result of their work. 

At  the same regular session 'of the Commission 
Mr. Obadiah Gardner, of the  United  States Section, 
was appointed a  member of the committee having 



general supervi'sion over the  investigation of the first 
questions contained  in  the reference, to succeed Mr. 
Prank S. Streeter, who had previously  resigned as 
a  member of the Commission. Thereupon,  the com- 
mittee was authorized to have a joint  report of the 
sanitary  experts  prepared  and  to supervise its pre- 
paration,  and  the committee was also directed to have 
the  report completed in  time to be submitted  to  the 
Commission a t  a  special session to be held a t  Wash- 
ington  about  January 1, 1914. 

On the  15th of January, 1914, at  a special session 
of the Commission held in  the  city of Washington, 
the final report of the  sanitary  experts was presented 
and  ordered  printed,  together  with  the  maps  and  sta- 
tistics accompanying the same. This report, with 
the accompanying maps  and  statistics,  is  full  and 
exhaustive of the  subject.  The work of this  branch 
of the  investigation,  performed  as it was under  the 
direct supervision of the Commission, has been exe- 
cuted in  the most efficient, careful  and conscientious 
manner by men recognized in both countries  as being 
among  the ablest  known  bacteriologists and  sanitary 
experts. 

While the Commission does not deem it necessary 
to go further  into  the  details of the  investigation 
thus concluded of the  fact  and  extent of pollution, 
or to  analyze the  report of the  sanitary experts, 
nevertheless  a brief summary of both  may be inter- 
esting  and  hereafter  useful to  both  Governments. 

'SUMMARY OF WORK AND COST. 

An examination of the records of all previous bac- 
teriologic examinations of water  to  ascertain  and 
determine  its fitness for use for domestic and  sanitary 
purposes  will show that  this  investigation  and  the 
bacteriologic examination of these boundjary waters 
under  the reference by the  United  States  and  Canada 
have been the  most extensive that have ever been 
made in  the world. The waters  bacteriologically 
examined  extend continuously almost two thousand 
miles. The samples of these  waters so examined 
aggregate over nineteen  thousand,  and  the  time 
within which  these  waters were thus examined was 
a little less than seven months. 

In   the conduct of the  investigation  the Commis- 
sion installed, equipped and used seventeen labora- 
tories. These  laboratories were distributed  at con- 
venient points  all  along these waters. The personnel 
of the field force  engaged in  the  investigation con- 
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sisted of thirty perrsons, alnlost  all of whom were 
scientific men. I n  addition,  there were employed a 
United  States revenue cutter,  numerous tug-boats, 
launches and rowboats, and also regular steamboat 
lines for the  transportation of sample collectors. 

At  the special session of the Commission held at  
Buffalo, December 17, 1912, where a  conference was 
had with  about fifty sanitary experts and  health 
officers of both  Governments and  the  States  and 
Provinces  directly interested, it was estimated by these 
gentlemen  in  their  report to the Commission on a 
plan of federal, state  and provincial  co-operation, 
that  the  investigation of the  pollution of these  waters, 
independent of the  investigation of the second ques- 
tion, or remedies, would cost the two Governments 
not less than $50,000, and they recommended an 
appropriation for that  amount.  The records of the 
Commission show that  the  joint expense of the 
investigation, which, under  the  treaty, was paid in 
equal moieties by both  Governments, including  the 
travel expense and subsistence of the members of the 
Commission while engaged in  this work, was 
$42,138.18. 

PRINCIPAL FACTORS I N  THIS PO1,LtJTlON. 

The  greatest single factor  in  this avoidable and 
remediable pollution  is  the sewage discharged with- 
out  restriction or treatment of any  kind by the anuni- 
cipalities  situated  on  the  boundary waters. The 
second factor  in  point of importance is the discharge 
of sewage  by  vessels. .Vessels  not only contribute 
their  quota  to  the sewage pollution of these water- 
ways, but  they menace the public health  in  other 
ways. Vessels are supposed to fill their  drinking- 
water  tanks  from mid-lake, remote from sources of 
pollution. The  distance  pollution  travels  from shore 
in  the lakes, as shown in  the  report,  demonstrates 
how difficult it may be to  find an  unpolluted  area. 
There  is excellent evidence to show that vessels fre- 
quently fill their  tanks  from polluted sources.* 

During  the season of 1913 several  epidemics 
caused by polluted  water  aboard vessels were investi- 
gated by the  United  States  Public  Health Service. 
I n  the laboratories of the Commission also samples 
from  water-tanks of vessels on  the lakes were shown 
to be polluted. Another pernicious  practice attrib- 
uted  to vessels is the  taking on of water  ballast  from 

*See Laboratory reports, Sarnia,  Ont.: " Examination 
of Drinking  Water  on Boats." 
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TABLE SUMMARIZING POINTS AT WHICH  AVOIDABLE  POLLUTION EXISTS IN  CONTRAVENTION 
OF THE  TREATY 

~ ~. ~ .~ .~ ~ ~. - . - ~ "" ~ "" - "" ~ . 
I 

Waterway. I Avoidable  Causes of Pollution. 
I 

Extent of Pollution. 
~ _ ~ .  .~ ~ ~ ~ - - ~ - . _ _ _ ~ ~  ~.~ ~~ ..___ , I 

Sewage  and  drainage  from  Fort  Frances, 
Ont., and  International  Falls, Min. 
Spooner, Min., Beaudette, Min., and 
Rainy  River,  Ont. 

Entire  river  from  Rainy  Lake  to  Lake 
of the Woods. 

" . ~. - . " --_________ 

St.  Mary's  River  above  Sault Sewage from vessels. From  Whitefish  Bay  to  the  canals. 
Ste.  Marie. 

St. Mary's River 1 Marie, Mich., and  Sault  Ste  Marie, Ont., 
! Sewage  and  drainage  from  Sault  Ste. 

1 Steelton, Ont., and  from  vessels. Ste. Mavie. 

" ~~~~- .~ 

Sewage  from Port Huron;  sewage  from 
Sarnia,  numerous  amall  munlicipalities 
on  both  sides of river,  ,and  sewage  from 
vessels. 

From  the  canals  to  below  Neebish  Island. 

Vantable, but  extending  across  the  entire 
stream  at  several  points. 

Lake St. Clair. 1 Sewage  from  vessels. I In  the  l ine of vessel traffic. 

Detroit  River. 
Sewage  from  Detroit,  Wind,mr,  W,alker- 

ville,  Sandwich,  Wyandotte,  Trenton, 
and  Bmhwstburg;  sewage  from ves- 
sels. 

West  End of bake  Erie. 

Niagara  River. 

.~~~ . ~ " 

Lake  Ontario. 

St. Lawrence  Rlver  (Thou- 
sand  Islands.) 

St. Lawrence  River below the 
! 

Thousand  Wands  to  Corn- 
wall. 

St.  John  River. 

Sewage polllution from  Detroit  River. 
Sewage  pollution  from  Maumee  River. 
Sewage  from  Toledo, Ohio. 

Sewage  fram Buffalo. (Sewage  from  Nia- 
gara  Falls,  Tonawan'da anld North To- 
nawanda, N.Y., Fort   Erie,  Ont., Bridge- 
burg, Ont., Niagara  Falls, Ont., C h i p  
pewa  Creek;  Lewiston, N.Y., Youngs- 
town, N.Y., Niagaraton-the-Lake,  Ont. 

Sewage  pollution  from  Niagara  River. 

Sewage  from  Kingston  and  Gananoque, 
Ont.,  Cape  Vincent  and  Clayton, N.Y. 

Summer  resorts  and  vessels. 

Sewage  from Brwkv(i11e and  Prescott, 
Ont., Ogden<sburg, N.Y., and  from ves- 
sels. 

Sewage  and  drainage  from  Edmonston, 
Van  Buren,  Maine,  and St. Lmnards,  
N.B.; w-astes from  potato starch f a o  
tories. 

Entire  river. 

Thak po'rtion of the  Lake  west of a line 
drawn  from  Grecian  'Shoal  south to 
Niagara Reef Light. 

Tonawanda  Channel;  portions of the 
Chippewa  Channel;  entire  river  below 
the  Fall& 

~ ~ ~~~ ~~~ ~ ~~ " 

Ordinarily  within a radisus of 10 mileg, 
at times  sixteen  miles,  from  mouth of 
river. 

~~~~ ~~ ~ ~ - . ~~~. ~ ~ 

Water  in  the  vicinity of the Thousand 
Islands,  Channel  north of Grindstone 
Island,  and  Wells  Island. 

Variable  throughout  the  river;  present 
in  the  l ine of vessel  trafec  bhroughout 
entire  stretch. 

Entire  river  from  Edmonston  to  above 
Gran8d Falls. 
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a  polluted harbor  and  the discharge of the same in 
less polluted waters, frequently  within a short dis- 
tance of some waterworks intake. 

EFFECT OF POLLUTION UPON PUBLIC HEALTH. 

I n  the cities and towns  upon the  Great  Lakes  and 
their  connecting rivers, sanitary  and  climatic condi- 
tions, exclusive of public  water supplies, are much 
better  than  the average for the  country  as a whole. 
These  sanitary  conditions  are  infinitely  better  (with 
the exception of water  supplies)  than those which 
pertain  in  European cities. These Great  Lakes  cities 
lack the overcrowding, the  filth  and  the poverty of 
less favored communities;  yet  the  typhoid fever rate 
in these  cities for  many  years  has been excessive and 
punctuated a t  intervals by massive explosive epi- 
demics which are  without  parallel  in  European 
countries. Typhoid fever death  rates  per 100,000 
in the  large cities of Northern  Europe  with  safe 
water  supplies have an average of less than 5 .  With- 
out  reverting  to  the  appalling  disasters of a decade 
ago, in the  last  three  years a rake of over* 300 was 
registered in Ashland,  Wisconsin; of 109 in Mar- 
quette, Michigan ; Qf 196  in  Port  Huron Michigan ; 
of 194  in  Niagara  Falls; of 190 in Erie, Pennsyl- 
vania, and above 50 in Alpena, Bay City, Sault  Ste. 
Marie, Duluth  and  Sandtisky; of 179  in  Port 
Arthur,  Ont; of 330 in  Sault  Ste. Marie, Ont; of 
134 iI1 Sarnia,  Ont; of 55 and 57 in Windsor and 
Walkerville, Ont.; of 56 in  Niagara Falls, Ont.; of 
63 in Brockville, Ont. 

Even  in  the more fortunate cities possessing 
intakes which are  not so grossly  polluted rates  are 
attained  for  typhoid fever which would not be toler- 
ated  in  European  countries.  Detroit  has never  reg- 
istered a lower rate  than 15, and  in 1913 had a rate 
of above  30. I n  most  instances these high typhoid 
fever rates were due to the use of sewage-polluted 
water  without  purification of any  kind. I n  a num- 
ber of cases,  however, an alleged  purification plant 
was in  operation,  but  disasters have occurred in spite 
of these plants,  either  due  to  faulty  construction or 
more frequently careless or  unskilled  operation. 

SECOND BRANCH OF INVESTIGATION. 

Having conchxded the  investigation of the question 
a t  what places, from  what cause8 and to  what  extent 

this date. 
*Years 1910, 1911 and 1912 only; 1913 not  t o  hand at 

these boundary  waters are  polluted on either side to 
the  injury of health  or  property on the  other side, 
and it having been established by the  investigation 
that these waters are  thus polluted, the Commission 
will now proceed as  rapidly  as possible with  the 
investigation of the second question, viz.: 

" (2) In what way or  manner,  whether by the 
construction and operation of suitable  drainage 
canals or plants  at convenient points  or otherwise, 
is it possible and advisable  to  remedy or  prevent  the 
pollution of these waters, and by what  means  or 
arrangement can the  proper  construction or operation 
of remedial or preventive works, or a system or 
method of rendering these  waters sanitary  and  suit- 
able for domestic and  other uses,  be best secured 
and  maintained  in  order to secure the  adequate pro- 
tection and development of all  interests involved on 
both sides of the boundary, and  to  fulfil  the obliga- 
tions undertaken  in  Article IV of the waterways 
treaty of January 11, 1909, between the  United  States 
and  Great  Britain,  in which it is agreed that  the 
waters therein defined as boundary  waters and watera 
flowing across the  boundary  shall  not be polluted on 
either  side  to  the  injury of health  or  property on the 
other ?" 

1 

I n  view of the  magnitude of the  interests involved, 
an  adequate  plan  must be prepared by the  Cmmis- 
sion,- with  the  aid of sanitary  engineers qualified to 
give  competent and  intelligent advice, to the  end 
that  the  investigation of this second question may 
proceed along  proper  lines  and be concluded at  the 
earliest  time possible. It is  the  intention of the 
Commission at  its special session called to  meet 
March 9, 1914, for  the consideration of other  matters 
pending before the Commission, to give this  branch 
of the  investigation consideration, and  at  that  time 
to prepare  and  adopt a plan  under which it shall be 
conducted and to outline  the  procedure  that will be 
followed with respect to working out  the *sanitary 
engineering problems and  affording  the people and 
the  municipalities affected on  both sides of the  line 
a full  and complete opportunity to be heard  regard- 
ing remedies where avoidable pollution  has been 
found to exist. 

CONCLUSION OF PROGRESS REPORT. 

I n  prosecuting  the  investigation of the first ques- 
tion  contained  in  the reference by the two Govern- 
ments, the Comfmission was fortunate  in  securing 
the services of Dr.  Allan J. McLaughlin, of the 
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United  States  Public  Health Service, who as Chief 
Sanitary  Expert was given  charge of the field work, 
both in  Canada  and in the  United  States.  With 
him, however, the Commission  associated Dr. J. W. 
S .  McCullough, Chief Health Officer for the Province 
of Ontario, Dr. John A. Amyot,  Professor of Hygiene 
at the  University of Toront~o, and Mr. F. A. Dallyn, 
C.E., Provincial Sanibary Engineer of Ontario.  The 
services of these  gentlemen were of special  value to 
the  Commission in  the prosecution of the field  work, 
preparation of the  plan  for  the investigation, and  in 
the  preparation Olf the  final  report ol  the slanitary 
experbs. 

The Commission  takes this  opportunity of saying, 
because it is  well  deserved and  abundantly  merited, 
that these  gentlemen  applied  themselves  with  untir- 
ing  energy and  with  unremitting  attention  to  the 
work given them to  do. I n  the  judgment of the 
Comlmission, both  Governments  may  well  congratu- 
late  themselves  on the  fact  that  this most  extensive 
bacteriologic  examination of water  ever  made  has 
been conducted  with  incomparably greater speed and 
thoroughness by these sanitary experts, under  the 
supervision of the  International  Joint Commission, 
and  at less cost, than  has  any  similar  investigation 
been conducted by any  individpal  country wholly 
within  its own jurisdiction. 

Finally, in submitting  this  report on the  first of 
these important  international questions  involving 
treaty  obligations  vitally  affecting  the  health of mil- 
lions of people in both  countries  and  their vast muni- 
cipal and  private  interests;  and  in view of the  inter- 
national  character of the work and  the  unaninious 
result  thus  far  obtained, we feel  justified in calling 
special attention  to  certain  facts which illustrate  the 
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Dated at  Washington, 
this  16th day of January, 1914. 

practical benefit and  advantage of two governments 
under  treaty  stipulations  agreeing  to  submit  their 
differences and  the differences between their people 
to  an  international  organization for investigation 
and  report  in  the  first instance, or for final  deter- 
mination. 

Although  territorially  this  investigation covered 
an extensive  area under  the exclusive jurisdiction of 
both countries;  although  the services of scientists 
and  citizens of both  countries in carrying on the 
work were  essential ; and  although  the final result 
and recommendations of this Commission  may  vitaily 
affect large  financial  and  municipal  interests on both 
sides of the  boundary line,  yet a t  no time  during  the 
progress of the  investigation  has  there been any 
attempt  on  either  side of the  line  to  interfere with, 
to restrict or to  thwart  the effort of the Commission, 
or those  employed by it, to  ascertain  accurate  and 
scientific proof of whether or not  the  health or pro- 
perty of the people of the  United  States or of Canada 
were injured or menaced by the  pollution of these 
boundary  waters in contravention of the solemn 
treaty  obligation between two great  nations. 

All  this, we respectfully  submit,  indicates not 
done a possible complete and  unanimous  agreement 
as to  the  final conclusions and recommendations of 
the Commission under  this reference, but it is also , 

a  splendid  tribute to  the  genius  and progressive inter- 
national  statesmanship of two great English-speak- 
ing  nations of the world in  thus  providing  a  means 
that  under  actual experience is proving  practical  and 
efficient for the  judicial  settlement of great  inter- 
national questions  involving treaty obligations or the 
rights  and  interests,  as well as  the  health, of their 
respective peoples. 

TH. CHASE  GASGRAIN. 
.JAMES A. TAWNEY. 
HENRY A. POWELL. 
G EORQE TURNER. 

ODADIAE GARDNEB. 

+# 

C11.4RLEB A. MAQRATH. 

t 



We.  the  undersigned. have the honor to  transmit helewith the  report of 
the field work clone under your instructions in the  Invcstiyation of the Pollution 
of Boundary Waters. 

ALLAN .J. MCLAUGHLIN 

JOHN W. S.  MCCULLOUGII 

JOHN A. AMYOT 

FREDERICK A. DALLYN 

LETTER OF TRANSMITTAL 

The 
International  Joint Commission 

January  16th: 1914. 



T H E   R E P O R T  OF T H E  SANITARY 

CATED  THE  SOURCES,   EXTENT 
AND  DEGREE O F  POLLUTION 
O F  BOUNDARY  WATERS,  UPON 

E X P E R T S ,  I N  W H I C H  IS I N D I -  

T H E   R E F E R E N C E  : 
“ I .  To  what extent and by what causes 

and in ruhat localities have the boundar) waters 
letween the United  Stoles  and  Canada been 
polluted so as to be injurious to public health 
and unfit for domestic or other uses ? ” 



REPORT OF THE  SANITARY  EXPERTS 

INTRODUCTION 

In this  report  data  are  presented  indicating  the. 
source, extent  and degree of pollution of thcsc 
waters in such  a  manner as will  enable  the Commis- 
sion  to  answer the first of the  two  following ques- 
tions  propounded by the  Governments of the  United 
States  and  Canada: 

localities  have  the  boundary  waters  between  the  United 
1. To what  extent  and  by  what  cau6es  and  in  what 

States  and  Canada  been  polluted so as to  be  injurious t o  
the  public  health  and  unflt for domestic or other  uses ? 

2. In what   way or manner,  whether by the  construction 
and  operation of ,suitable  dlrainage  canals or plants at con- 
venient  points or otherwise, is i t  possible  and  advisable 
to  remedy  or  prevent  the  pollution of these  waters,  and 
by  what  means or arrangement  can  the  proper  construc- 
tion or operation of remedial or preventative  works, or a 
system or method of rendering  these  waters  sanitary  and 
suitable for domestic  or  other  uses, be best  secured  and 
maintained  in  order  to  ensure  the  adequate  protection  and 
development of all  interests  involved  on  both  sides of the 
boundary  and  to  fulfll  the  obligations  undertaken  in 
Article IV. of the  waterways  treaty of January 11, 1 9 O Y .  
between  the  United States sand Great  Britain,  in  which it 
is agreed  that   the  waters  therein deflned as boundary 
waters  and  waters fl,owing across  the  boundary  shall  not 
be  polluted  on  either  side  to  the  injury of health or prop- 
erty  on  the  other. 

Very  valuable  assistance was rendered  to  the Com- 
mission by the  United  States  Public  Health  Service 
and  the  Provincial  Board of Health of Ontario, Can- 
ada. The  Provincial  Board of Health of Quebec, the 
State Board of Health of Michigan  and  the  Depart- 
ment of Healtbof  the  State of New York  are also 
entiitled  to the  thanks of the Commission for  assist- 
ance in carrying on investigations on the St. Clair 
River, Niagara  River and (St. Lawrence  River.  The 
co-operation of these  organizations  made it possible 
to  bring  the work to an early  completion. 

The courtesy of the  various  municipal  authorities, 
the  United  States War Department  Corps of Engin- 
eers, the Weather  Bureaus of the  United  States  and 
Canada,  and  the  Bureaus of the  Census  in  both coun- 
tries,  is  gratefully  acknowledged. 

We are also  indebted  to the Honorable  the  Secre- 
tary of the  Treasury  for  furnishing  the U.S. Revenue 
Cutter Morm'll for  the  purpose of taking samples! 
in Lake  Erie,  and to the officers of the Morrill for 

their  courtesy  and  assistance 
and  sample collectors. 

to  our  bacteriologists 

The  preparation of charts,  sketches and  diagrams 
was entrusted  to  the  Provincial  Board of Health of 
Ontario,  under  the  supervision of Mr. I?. A. Dal lp ,  
B.A.(Sc., the Board's sanitary  engineer. 

I 

SCOPE OF THE FIELD INVESTIGATIONS. 

The field  investigation covered the  examination 
of the  waters of Rainy  River,  parts of Rainy  Lake 
and Lake of the Woods, that  part of Lake  Superior 
known as  Thunder Bay, the St. Mary's River from 
the  headwaters  in  Lake  Superior  to  Mud  .Lake 
(including  a  set of samples through  Detour  Passage 
to Mackinac Island), Lower  Lake Huron,  the  St. 
Clair River,  Lake St. Clair,  the  Detroit River, the 
western  end of Lake  Erie,  the  central  portions 
of Lake Erie  (Port  Stanley),  the eastern  end 
of Lake  Erie,  the  Niagara River, the western 
portion of Lake  Ontario,  the  eastern  end of Lake 
Ontario, the St. Lawrence  River  to  Cornwall,  and 
that portion of the St. John River  in which is the 
international  boundary between the  United  States 
and  Canada. 

The area,  population,  source of water  supply  and 
quantity of water  pumped for consumption,  together 
with the probable quantity of sewage discharged, for 
each municipality  in  the  areas  under  investigation, 
are  included in  the  report. 

The  number of deaths  from  typhoid  fever  and  the 
computation of the  death  rate  per 100,000 for the 
greater  number of municipalities on both  sides of the 
border  using  these  waters  have been compiled and 
are  included  herein. 

Meteorological data  relative  to  the several  points 
of investigation  for  the  periods of examination were 
obtained  from  the Meteorological departments of the 
United  States  and  Canada  and  are  included  in  the 
appendix. 

The  number of sampling  points was 1,447 and  the 
total  number of samples  collected 'a t  these  points 
was 17,784. Many other samples  were  taken  to 
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Date 1913. 
" 

July 8-22 

Ju ly  28. 
August 15. 

June  28- 
July 16. 

July 29. 
August 25. 

October 10. 
September- 

September- 
October 3. 

October. 

May 26- 
June 17. 

May 27- 
June 12- 

April 10- 
May 23. 

May 23- 
AUgust 27. 

July 23. 
.June 12. 

May 12- 
July 29- 

August. 

October. 

July 3- 
August 13. 

August 1- 
August 21. 

August. 

~~ ~. ~. 

SCHEDULE OF WORK  PERFORMED 

- 

Laboratory.  Waterway. I Headquarters. 

'rovincial  Board of1 Rainy  River. 
Health,  Ontario. 

" 

Lake  Superior 

/Lake  Superior, 
;St.  Marys  River. 

Lake  Huron, 
St.  Clair  River. 

Lake  {St.  Clair, 
Detroit  River. 

Detroit  River, 
Lake  Erie. 

Lake  Erie, 
Port Stanley. 

Lake  Erie, 
Niagara  River. 

Niagara  River. 

(Thunder  Bay).  

Lake  Ontario, 
St.  Lawrence  River. 

Jnited  States  Public 
Lake St. Clair, Health Service. 
St. Clah  River, 

Detroit  River, 
Lake  Erie. 

Lake  Erie. 

' Lake  Erie, 
Niagara  River. 

Lake  Ontario, 
St. Lawrence  River. 

St.  John  River. 

" 

' " 

M i c  h i g a  n  State Lake  Huron, 
Board of Health. 

Lake  Ontario. partment of Health. 
Niagara  River, Vew York State De- 

St. Clair  River. 

?rovincial  Board of St .  Lawrence  River. 
Health,  Quebec. 

Fort  Frances  Ont. 

Port  Arthur,  Ont. 

Sault  Ste.  Marie, ,Mich. 

Sarnia,  Ont. 

Windsor,  Ont. 

Amherstburg,  Ont. 

Windsor,  Ont. 

Fort  Erie,  Ont. 

Niagara-on-theiLake, 
Ont. 

Kingston,  Ont. 

Detroit, Mich. 

US. Revenue  Cutter 
" Morrill " 

Buffalo, N.Y. 

Clayton, N.Y. 

Van Buren Me. 

Port  Huron, Mich. 

Youngstown, N.Y. 

Montreal, Quebec. 

~ ~ ~ .~ 

sample 
No. of 

points. 
.- .. ~~ . 

192 

66 

104 

142 

174 

114 

61 

133 

69 

113 

70 

20 

60 

32 

32 

45 

42 

8 

__ __ 
Total 
umber 
mples. __ 

955 

922 

1,065 

1.606 

1,755 

1,306 

214 

1,375 

840 

928 

1,812 

480 

1,624 

482 

672 

720 

338 

480 



X0 POLLUTlON OF BOUNDARY WATERS 

show the  relation between local situations  and Imuni- 
cipal water supplies. I n  addition, samples were col- 
lected with a view to ascertaining  the  character  and 
amount of pollution  due  to boat traffic. Some  float 
and  temperature  experiments were made  in  conjunc- 
tion  with  the bacteriological investigation. 

SCOPE OF BACTERIOLOGIC EXAMINATION. 

The  examination of these waters was essentially a 
bacteriological one-the determination of the  total 
bacteria  count  on  nutrient  agar  (+lo)  at 18"-22" C. 
(48 hours),  the  count  at 3'7" C. (24 hours),  and  the 
quantitative  estimation of 2. Coli as ind.icated by fer- 
mentation  in lactose bile a t  37" C. (48 hours). 

PRESENTATION OF DATA. 

The  presentation of the  data  obtained  during  this 
investigation involved the  preparation of maps show- 
ing  the location of the various sampling points, the 
detailed  tabulation showing for each sampling  point 
the  average bacterial  count  per cubic centimetre on 
agar, .B. Coli per 100 C.C. by Phelps' method," the 
number of samples collected, dates of collection, anax- 
imums obtained during  the period of examination a t  
each point,  and some illustrations showing graphi- 
cally the source, degree and  extent of the  pollution  as 
indicated by the  bacterial findings. 

INDICES OF POLLUTION. 

Since B. Coli is absent from unpolluted water, 
the  estimation of this  organism is therefore  the most 
specific and best index  available for showing the 
existence and degree of sewage pollution. The bac- 
terial  count  at 37" C. on agar is nearly specific for 
intestinal  organisms whose optimum  growing tem- 
perature is that of the  human body. The bacterial 
count a t  18"-22" C. is less specific in  an  investigation 
to determine sewage pollution,  but is valuable, never- 
theless, the value being tha't it indicates  the bac- 
terial food value and  quantity of the  organic  matter 
in a water. It does not  indicate  the  character of 
the  organic  matter  or  whether  the  organic  matter  is 
faeces or decaying vegetable matter. 

Phelps,   Earle B.: A  method for calculating  the  number 
of B. Coli from the   resul ts  of dilutlon  tests .   Reports   and 
papers of the  American  Public  Health,  Association, Vol. 33, 
1907, pt. 2, pp. 9-13.  Note:  This method  considerably 

sen ient  for the purposes of this  report. 
underestimates the  number of B. Coli, but  was  most  con- 

P U R I T Y  OF GllEAT LAKES WATER. 

I n  certain localities  on the  Great  Lakes  and  in 
all  their connecting waterways dangerous sewage pol- 
lution was shown to exist, but  the  great bulk of the 
Great  Lakes  water  remains  in  its  pristine  purity. 

Our  investigation shows that  the colon bacillus is 
practically never normally  present  in  unpolluted 
waters, and  that  the  normal  total  bacterial  count  on 
nutrient  agar  (+lo) of the  Great  Lakes waters is 
below 10 per c.c. This is clearly shown by the  results 
of examination of samples collected in Thuncler Bay, 
in Whitefish Bay, in  Lake  Huron,  in  Lake St. Clair, 
in  Lake  Erie  at Abino Point section, and  in cross- 
sections of Lake  Ontario a t  both  ends. 

CLASSIFICATION OF GREAT  LAKES  WATER. 

S U M M A R Y .  
. ~~~~~~~~ 

Class. I Nurn lw of B. c o l i  Total Bacteria 
k~rr 100 c.r. w r  C.C. agar ( +  10) ::V c'. 

~ ~ _ _ _  _____ 
1 Less thap 10 Less than 2 

2 

Over 100 Over 60 5 

50 to 100 20 t o  50 4 

25 to 50 10 to 20 3 

10 to 25 2 to 10 

"" ~ . . " 

Note: The total bacterial count on agar a t  3 7 O  C. 
is included In the sibove table because of its rather 
definite relation to B. Coli. 

Class 1 represents those relatively pure waters 
found outside the zones of pollution. It is doubtful 
if any  purer  surface water than  this can be found 
daily for  long periods in  inhabited areas. 

Class 2 represents a slight  pollution of a  relatively 
pure water. The  character,  origin  and  intermittency 
of this pollution would determine  its measure of 
safety as  a drinking water. At times, such a  water 
is undoubtedly  unsafe  without purification. 

Class 3 represents considerable  pollution. A water 
belonging to this class requires unremitting care  in 
its purification. 

Class 4 shows serious  pollution. This water,  in 
our opinion, could not be classed, as a good raw water. 
It would impose a much more  serious  responsibility 
on a  purification plant  than Classes 2 or 3. In  the 
Great  Lakes  Basin such a water should  not be selected 



as a raw water for a purification  plant; or, if the 
intake  must be placed in  such water, sources of pol- 
lution should be elinlirlated or nullified by sewage 
t.reatlnent  in  order to place such  a  water in Classes 
2 or 3. 

Class 5.  This is gross pollution. It reaches in 
extent  from 50 to 34,000 B. Coli per 100 C.C. Even 
in  the lesser numbers,  such pollution  with  its fluctua- 
tions imposes an unreasonable burden  upon a puri- 
fication plant.  Considering  the source of its pollu- 
tion-faeces-such a water  should  not be considered 
for public use. 

In  considering  this classification, it is  to be remem- 
bered that it is arbitrary. The classification  arises out 
of the  data  contained  in  this  report.  The difference 
in the  bacterial flora of these lake waters and  that of 
comparatively warm  river waters, subject  to  agricul- 
tural  and  municipal  drainage,  is very great, espe- 
cially when measured by bacterial  counts  on  agar  and 
B. Coli, which represent  almost  invariably  for these 
lake waters  recently  added sewage organisms. 

I n  many  instances Class No. 1 can be observed 
changing  through Classes 2 and 3 to Classes 4 and 5, 
the flow  of water in the  connecting bodies being 
such that  the  interval between a water's relative pur- 
ity  and  its gross pollution  is less than 24 hours. The 
danger  and  infectivity of a human  pollution le'ss than 
24 hours old is  not a question to  speculate about; 
it is  something to be faced with preventive  measures 
such as filtration  and  sterilization of water supplies, 
aided by dkinfection of the  polluting sewage as the 
exigency of the  situation  may demand. 

INTERMITTENCY OF POLLUTION. 

The average  sheets present  in somewhat concise 
fonm the  information  relating  to each sample collec- 
tion point. It will be observed that  in  many  situa- 
tions it is  the  intermittency of serious pollution 
wherein lies the  great menace to  water supplies. 

We desire  to accentuate  the  importance of the 
maximum  as  an  index of intermittency.  The maxi- 
mum shows what  may  happen  in a  single  day a t  any 
time. Averages give  a very good idea of the general 
condition of the water, but do not show the  extra- 
ordinary  fluctuations which may occur on single days. 

It is a well-known fact  that  disaster on  a large 
scale may be the  result of pollution which occurs 
only at  infrequent  intervals.  Such a pollution would 
scarcely show in averages, but would. be at  once ap- 

parent if the  maximum  is  stated. I n  other words, 
the maximum  indicates  the  intermittency of pollu- 
tiofi, a  dangerous factor which must be reckoned 
with in  any discussion of pollution. 

INEVITABLE POLLUTION. 
The seasonal effect of pollution  reaching  the lakes 

and rivers as  the run-off from  the watershed in  time 
of flood following spring  rains  and thaws was nil 
during  the  investigation  herein  reported upon. I t  
may at  certain seasons of the year become consider- 
able, depending  upon  the population, the  number 
of cattle  on  the watershed, and  the local topography. 
This  pollution  (with  its menace) is  practically 
inevitable. 

POLLUTION FROM VESSELS. 

There  is considerable, and in some localities, a 
dangerous  pollution  due  to  navigation;  that is, the 
discharge of untreated excreta from passing vessels. 

Zvidence is presented in  the  appendix, page 381, 
which shows that  practically  all vessels on the  Great 
Lakes discharge their sewage directly  into  the water. 

The  quantity of pollution contributed by  vessels 
may be appreciated when it is considered that  the 
population  on  lake vessel; has been estimated by U.S. 
Census Reports as 14,000,000 persons taking passage 
during  the season 1906. 

POLLUTION FROM URBAN SEWAQE. 

At  the  present  writing, every municipality, with- 
out exception, in  the  area  investigated on the  Great 
Lakes and  their connecting  rivers,  avails itself of 
the opportunity to  discharge its sewage untreated 
into these international waterways. This is the 
iargeat factor  in  their  pollution. See appendix maps. 

DISTRIBUTION AND STRATIFICATION OF T H E  

EXISTING POLLUTION. 
It may be observed from  the  chart  that  the bulk of 

the work was done on the connecting  rivers and con- 
tiguous  ends of the Lakes. Surface samples were 
found  to be a fair  index of the  character of the water, 
especially where the combined effects of  wave action, 
current, eddies and  navigation lend themselves to 
distribution  and  dilution.  Surface  and deep sam- 
ples were. taken  simultaneously a t  certain  points in 
the St. Clair,  Detroit  and  Niagara Rivers in  order 
to definitely show this. 
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Vertical  stratification, or the phenomenon of “ pol- 
lution  hugging  the shore,” may be met  with  in any 
depth.  Some very striking examples are’  shBwn, 
especially in  the St. Clair  and  Niagara Rivers. 
Horizontal  stratification also occurs. 

Local  conditions were found  to affect  both  dilu- 
tion  and  stratification.  These  are  dependent  prin- 
cipally  upon the  current velocity of the  diluting 
body, the bulk of the  pollution  (small sewer, main 
intercepter,  polluted  streaim),  and  depth of sewer out- 
let. On the St. Clair  and  Detroit rivers the sewers 
on the  United  States side all  discharge at  the surface, 
while on the  Canadian  side  the  outlets  are  all sub- 
merged. On the  upper  Niagara  the  principal  outlets 
are  all deeply  submerged. Tmhe situations  under  hves- 
tigation were so complex, owing to  the  numerous 
sewer ouhlets, that  it  was found impossible  to  demon- 
strate,  from  the  data obtained, the  sedimentation that 
one naturally expects to be taking place. 

DISTANCE THAT POLLUTION MAY TRAVEL IN THE 
LAKES. 

The  distance  that  pollution may  travel in  the 
Great  Lakes was well demonstrated by investigations 
made  during  the progress of the work. It was found 
that  the boundaries of the zone of pollution  along  the 
shores or at  the  mouths of rivers were constantly 
changing,  due to the  currents, which are themselves 
dependent  upon  the  direction  and velocity of the 
wind. I n  two situations, namely a t  the mouthls of the 
Detroit  and  Niagara Rivers,  serious  pollution  extends 
normally  over  ten  miles  into  the  lake  receiving  the 
discharge. At times it may travel  much  farther. It 
was shown to travel in  Lake  Ontario on occasion six- 
teen  miles, and  in Lake Erie eighteen  miles. 

POLLUTION IN RELATION TO BATHINQ BEACHES AND 

SUMMER RESORTS. 

I n  addition to the effect of sewage pollution  upon 
the  public  health  through  public water  supplies, its 
influence  upon the water of bathing beaches and 
summer  resorb  must be seriously  considered. It will 
be readily  appreciated how dangerous it must be for 
children  and  adults  to  bathe  in sewage-laden  water. 
The  water in  the vicinity of the  bathing beaches in  
the lower portion of the  Detroit  River was shown to 
be laden with sewage. 

GREAT LAKES WATER AS A SOURCE OF MUNICIPAL 
SUPPLY. 

The  distance  from  municipalities of pure water in 
the  Lakes,  engineering  difficulties  both in placing 
and  tunnelling to reach  intakes  located  several  miles 
Prom shore  and below the 70-feet  depth, and  the cost 
of ‘such tunnels and  long  pipe  lines  wake  it economi- 
cally  inadvisable in  most  instances, thtat is  under ex- 
isting conditions, to  attempt to secure  water from  the 
lakes  which  would not  require  treatment. 

THE WATER ‘SUPPLIES IN THE GREAT LAKES CITIES 
ARE NOT SAFE WITHOUT TREATMENT. 

The position of the  intakes  and  the  pollution exist- 
ing  in  the vicinity of municipal  water  supplies  is  such 
that  there  is  not a municipality  using  lake  water 
which can be said to possess a  safe  water  supply 
without  treatment. In spite of these  facts until very 
recently the use of untreated water was the rule. 
The conditions  responsible for the.disgracefu1  record 
of water-borne  typhoid in these  cities are: 

1. Unrestricted  discharge of sewage by munici- 
palities  and vessels. 

2. Failure  to  purify  polluted water. 
3. Inefficiency in  the purification. 
I n  certain localities the  pollution  is so great as to 

impose an unreasonable  burden  upon any known 
method of water  purification, and where intakes  are 
located in such  localities some method of eliminating 
or reducing  the pollution,  whether from boats or  
municipalities,  is  ab8olutely  necessary. 

The  failure  to  install  a water  purification  plant is 
usually  due to  an  undue confidence in  a water  supply 
which is  safe “most of the time.” It is  difficult for 
some officials to  understand,  without  a  severe lesson, 
that it is not sufficient to have  a  water supply that is 
safe  for 360 or 361 days in  the year, and  to  these 
officials it seems scarcely  justifiable  to  require  expen- 
sive  purification for  the sake of the  four  or five days 
in the  year which, due  to  weather  conditions,  pollu- 
tion  may  take place. Such  a supply,  with  a  favor- 
ably  placed  intake,  may  escape  pollution for more 
than a  year. There was no evidence of serious  pollu- 
tion of the  water  supply of the  city of Erie* from 
1909 to December, 1910, yet the  appalling  disaster of 

Hygrlenh Laboratory Bulletin 77. United  States  Public 
Health  Service. 
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January  and  February, 1911, showed that  pollution 
could take place under  certain weather  conditions. 
Many similar examples might be cited. 

DANGEH IN ASSUMING WATER SUPPLlES TO  BE SAFE 
WITHOUT PROPER EVIDENCE. 

These  untreated  water supplies are  in  many  in- 
stances  delivered to the consumer as safe. It is our 
opinion that no water  should be classed as  safe  and 
furnished  as  such which is not shown to be safe by 
daily  bacteriologic examination. 

NECESSITY FOR SANITARY SURVEYS. 

Opinions based upon  a few widely scattered bac- 
teriologic examinations of samples of municipal  water 
supplies collected a t  random have  really very little 
value even though  the  tests  appear  to  indicate good 
water. The public are  apt  to base their  opinion of 
a water  supply  upon  such tests. This  is a dangerous 
error. Any report  upon a water  supply  is incomplete 
without a  comprehensive sanitary survey. The pos- 
sibility of a  serious pollution even as  an exceptional 
occurrence would be disclosed by this survey. 

INEFFICIENT OPERATION OF WATER PURIFICATION 
PLANTS. 

Inefficient management of any  form of a water  puri- 
fication plant  may be productive of disastrous results. 
I n  one, the capacity  may be unduly  forced;  in  an- 
other,  the  coagulant may be used in insufficient dose ; 
in a third,  the hypochlorite may be  below strength, 
or the dose may be intermittently applied. For 
instance, in a  town on the  United  States  side  the 
man  in  charge of the mechanical filtration  plant 
thought a coagulant non-essential and  failed  to use 
it. At a Canadian town the waterworks superintend- 
ent, acting  under  instructions of the  chairman of the 
water board, reduced his  quantities of hypochlorite 
and  obtained  practically no efficiency whatever. 

NECESSITY FQR BACTERIOLOGIC CONTROL OF 
MUNICIPAL PURIFICATION PLANTS. 

Information collected during  this  investigation 
dhows that for lack of daily bacteriologic examination 
satisfactory efficiency is not being obtained by the 
purification  methods  adopted by many of the  munici- 
palities  attempting  to  protect themselves against  the 
consequences of polluted water supplies. 



REPORT  OF   INVESTIGATION  RE  POLLUTION OF RAINY  LAKE.  RAINY  RIVER  AND  LAKE  OF THE 
WOODS . LABORATORY  HEADQUARTERS  AT  FORT  FRANCES.  ONT . FIELD  EXAMINATIONS 

COVERED  THE  PERIOD  JULY 8th-JULY  22nd. 1913 . 

Samples exatnlined in  Rainy  Lake show 
pollution which one would not expect in a 

' 1- water with so little  habitation  about it . 
Some of this  pollution could. no  doubt . 
be accounted for by the  fact  that the 
Canadian  Northern Railway  construction 

ro- camps hah been working  there. putting 
in a  big fill across Rainy  Lake . The con- 
struction vamps and  their operations were 
within a few  miles of the  points where 
samples were taken . The- samples show 
intermittency of pollution . (Figure 1.) 

The cross-section at  head of Rainy 
River, just above the village of Ranier. 
showed an increase of pollution which 

would naturally be expected owing  to the  construc- 
tion camps and  lum6er  mills  lying  along  the Cana- 
d i a n  shore in  this vicinity. together  with  the effects 
'of the fish industry  and some summer  resort pollu- 
tion  just above this  point on the  United  Sftates shore 
and to the convergence and  concentration of surface 
waters at  this  point . 

Approaching  the town of Fort Frances. the  next 
cross-section shows a further increase of pollution . 
This is in  the  immediate vicinity of a sulmmer camp 
and  just below the village of Ranier . 

The cross-section taken lower down in a wider part 
of the river. above Fort  Frances waterworks  intake. 
shows much  the same  degree of pollution . (Figure 2.) 

FIG 1 . 

ings.  illustrating  intermittency of pollution . Maximum 
Figure 1.-Rainy Lake . Daily  variation  in B . Coli flnd- 

pollution  shown is 100 B . Coli per 100 C.C. of water . 
Sampling  p+-ts 3. 6 .  10. 12 and 17 . 

Table I . 
WATERS  OF   RAINY  LAKE . 

DATE . 

1 

. . . . . .  10 420 18 1 . 3 

. . . . . .  10 520 10 1 . 2 
July 8-19 .... 9 200  50 1 . 

4 

1 . 24 115 10 . . . . . .  9 
1 . 25 165  10 . . . . . .  8 
1 . 18 62 10 . . . . . .  7 
1 . 22 125  10 . . . . . .  6 
1 . 18 82 10 . . . . . .  5 

. . . . . .  10  110 16 5 . 

10 . . . . . .  10 250 33 5 . 
11 . . . . . .  

1 . 22 215 10 . . . . . .  25 
1 . 73 200 10 . . . . . .  24 
1 . 24 140 10 . . . . . .  23 
1 . 16  152 10 . . . . . .  22 
1 . 10  160 10 . . . . . .  21 
1 . 20 140  10 . . . . . .  20 
1 . 30 184 10 . . . . . .  19 
1 . 56 280 10 . . . . . .  18 
1 . 12 125  10 . . . . . .  17 
1 . 22 158  10 . . . . . .  16 
1 . 20 180  10 . . . . . .  15 
1 . 34 75 10 . . . . . .  1 4  
1 . 73 144 10 . . . . . .  13 
1 . 16 210 10 . . . . . .  12 
1 . 43 125  10 

. . . . . .  ~" .- .- 

AVERAQE" . 
Bacterial 

Counts per 
20 . on Agar . 0 ____ a 

rj 89 z 
e $ G:? 

"VI 

2 E &i% 

h A'; 

@a 
@a 

-" 
76 10  16 
79 4 15 

126 4 17 
39 6 3.4 
29 

11 5 56 
9.2 5 47 

13  10 53 
23 9 51 
13  15 67 
23 6 82 
17 7 74 
9.4 8 78 
8 . 8  11 57 

15 8 37 
15 4 23 
12 5 28 
13 5 

113 22 25 
104 1 4  35 
78 13 19 
61 5 27 
59 6 20 
72 7 26 
75 15 29 

104 12 32 
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The samples  collected 
from the  intemational 
bridge  connecting Fort 
Frances  with  the town of 
International  Falls showed 

considerable  pollution  on the  United  States side 
above their waterworks  intake. (Figure 3.)  This 
can only be accounted for by local  drainage, possibly 
of the  mills  and  buildings  around  the  ferry dock 

FIG 2. 

ings above  Fort Frances Waterworks  intake, showing 
Figure  2,"Rainy River. Daily  variation in B. Coli  flnd- 

increase of pollution  over  that  existing  in  Rainy  Lake. 
Maximum  pollution  shown  is 100  B. Coli  per 100 C.C. of 
water,  Sampling  points 32.  33 and 36.  

above the  intake. The samples  obtained 
from the  Canadian  side do not show quite 
so great  a pollution, although it is of a 
dangerous  type. 

The cross-section  well below the  drain- 
age of Fort  Frances  and  International 58 

Falls showed a very large increase in the 
degree of pollution. The gross  pollution 
now found  unifordy  throughout  the river is 
clearly  due to  the sewage discharged from these 

FIG 3. 

ings  above  International Falls Waterworks  intake. Sam- 
Figure 3.-Rainy River.  Daily  variation  in B. Coli  flnd- 

pllng  point 38. Irregular  line at top of maximum  indicate8 
more  than 100 B. Coli per 100  C.C. of water. 

Table 11. 

WATERS OF THE RAINY RIVER. 

27 
28 

' 6  

29 
30 

'. 49 
I I  48 
I' 47 
8 ,  46 
" 45 
( I  44 
1' 43 
' 4  42 
1s 41 
c c  40 
'I 35 

38 
+ ' I  37 

'6 36 
" 35 
" 34 
' I  33 

32 
$ 6  31 
6' 

.. .. 

26 110 10 .. .. 
90 1. 38 260 10 . . . . 
53 1. 29 83 10 .. .. 
84 5. 30 220 10 .. .. 
95 1. 40 210 10 

87 1. 40 195 10 .. ,. 
105 1. 21 164 10 . . . . 
74 1. 

. .  

.. .. 

1154 .1 197 4000 . . . .I 10 
264 .1 800  1200 10 . . . . 
106 .1 160 200 10 .. . . 
113 .1 112 216 10 .. .. 
141 .1 92 266 10 . . .. 
244 .1 195 850 10 . . . . 
731 1. 64  2800 10 . . . . 
514 .1 60 1680 10 . . . . 
576 1. 76 2550 10 . . , . 
632 1. 124 2200 10 . . . . 

1512 .I 180 7000 10 . . . , 
2115 .1 450 13000 10 . . . . 

72 1. 30 120 10 . . . . 87 1. 82 155 10 . . .. 
88 1. 38 220 10 .. .. 
93 1. 20 180 10 

17 

31 11 
47 16 
45 1 4  
31 11 
34 1 4  
29 10 
37 11 
40 18 
50 16 
16 16 
37 

121 335 
58  263 
38 $9 
24 38 
33 136 
44 40 
78 433 
54 361 
44 248 
47 165 

148 263 
98 167 

3 



two towns . Samples  from  other sections were taken Table I11 . 
at varying  distances  from WATERS OF THE RAINY RIVER AND  LAKE OF 
this  point to just above 
the village of Emo. a dis- 
tance of twenty-two  miles . 
These showed practically 
no alteration  in  the condi- 
tion of the  river . 

Samples  taken  in  the tri- 
butary  streams  near  their 

mouths  indicated  that  the  water  from these streams 
did  not  affect  the  pollution of the  main  river  during 
the period of the  investigation . 

The samples taken  from  just above B d e t t e .  
Minn., an$  Rainy River. Ont., showed that  the degree 
of pollution WAS unchanged . Thus  for  sixty miles 
the  pollution is practically  uniform . The cross-sec- 
tions below the towns showed an increase in  pollution 
of more than 25 per  cent . 

In  order  to find the  effect of the polluted Rainy 
River on the waters of the  hake of the Woods. a 
cross-section was run from Zippel to Bigsby Island. 
a distance of eighteen miles. in which 105 samples 
were taken . These showed a more or less uniform 
pollution  throughout  this  end of the  lake . 

I n  general  the  Rainy  River shows serious pollution 
throughout  its length. but  in  an increased  degree 
below Fort  Frances  and  International  Falls  to  the 
Lake of the Woods. making  this whole river an  unsafe 
source of water  supply  without very careful  puri- 
fication . The  tap  water of the towns of Fort Frances. 
International  Falls  and  Rainy River was examined 
and shown to be  of the  same  character as that of the 
river. the source of supply . 

FIG 4 . 

ings  showing  gross pollution at sampling  points 71. 72. 
Figue 4 . Rainy  River . Daily  variation  in B . Coli  flnd- 

and 7 3  . Irregular line a t  top of maximum indicates more 
than 100  B . Coli  per 100 C.C. of water . 

THE  WOODS 

MAXIMUM 
~~~ ~ ~~ ~ 

AVERAGE 

v1 

9 CC . on Agar . ; $'; CC . on Agar a Counts per 2-2  Counts per 2 
Bacterial Bacterial 2 4 

n 
M d  3 Tn DATE . 5 - 

$j '. . h Rz 
.e 0 9 - w . s  N 0 . n- . 2 . .u h K  

Pi+.la m 2 a n %  2 g; $ E  V82 

u XF: x 
^V m 

N ou_a e 

a . 9 0 % d $ 5  
" 

50 260 160 265 e 1  430 1900 10 July 9-19 
""- "-"" 

.... 
51 

190 90 448 . 1 175 1250 8 6 1  .... 80 
346 167 1042 . 1 400  3700 10 . $ 6  .... 79 
264 171 766 . 1 500 1600 10 6 1  .... 78 
252 198 1235 . 1 700  6500 10 $1  .... 77 
156  156 836 . 1 440 2900 10 1' .... 76 
442  247 1016 . 1 650  3000 10 11 .... 75 
550  202  478 . 1 520 1250 10 $ 6  .... 74 
263 190 848 . 1 520  3500 10 '1 .... 73 
364 163 582 . 1 400  2050 10 $1  .... 72 
354 212 795 . 1 480 2400 10 15 .... 71 
256 193 924 . 1 340 2500 10 ' 6  .... 70 
345 300 1203 . 1 800 2900 10 6' .... 69 
435  345 1255 . 1 1400 4000 10 1 4  .... 68 
270  364 2171 . 1 750 7000 10 1' .... 65 
480  409  2306 . 1 850 8500 10 ' 6  .... 64 
452 151 456 . 1 320  1200 10 1 6  .... 63 
442 73 366 . 1 180 1200 10 $ 6  .... 62 
164 72  286 . 1 200 560 10 ,, .... 61 
360  74  220 . 1 332 440 10 c i  .... 60 
451 108 555 . 1 400 2400 10 1' .... 59 
370 llG 573 . 1 340 1300 10 6 1  .... 58 
238 114 595 . 1 200 1140 10 . . . . . .  57 
253 137 387 . 1 248 840 10 $ 8  .... 56 
271 133 473 . 1 300 1100 10 8 1  .... 55 
351 135 424 . 1 184 1400 10 6 '  .... 54 
263 119 307 . 1 400 800 10 $ 6  .... 53 
362 81 337 . 1 180 950 10 . . . . . .  52 
159 92  540 . 1 308 1500 10 ' 6  .... 

82 ,, .... 9 750 165 . 1 295  79 370 
83 .... 8 950 615 . 1 235 95 201 
84 $ 6  .... 8 820  260 . 1 384 90 302 
85 . . . . . .  8 7SO 350 . 1 

303 274  396 . 1 1000 1200 8 1' .... 89 
205 96 905 . 1 200  480 8 1' .... 88 
305 71 338 . 1 130 1060 8 ,, .... 87 
303 8 110 292 . 1 450 600 8 1' .... 86 
541 109 329 

103-113 July 18 ...... 8 1750 180 5 . 1111 50 18 
210-240 July 22 ...... 31 440 83 1 . 155 29 29 

81 77 98 378 1 . 205  820 8 
1 6  $ .... 

241-270 

30 12 52 1 . 18 96 1 4  6' ...... 301-314 
13 13 75 1 . 45  650 30 I . . . . . . .  271-300 

4.4 10 57 5 . 22 184 30 ...... 
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R E P O R T  OF INVESTIGATION  RE  POLLUTION OF LAKE  SUPERIOR  AT  THUNDER  BAY.  LABORATORY 
HEADQUARTERS  AT  PORT  ARTHUR, ON". FIELD  EXAMINATIONS  COVERED 

THE  PERIOD  JULY 28th-AUGUST  19th, 1913. 

The  examination of the waters of Thunder Bay 
showed that  the  pollution  found  there  did  not reach 
the  international boundary, some thirty-five  miles 
distant,  during  the period of the  investigation.  The 
combined population of Fort  William  and  Port 
Arthur is at  present only about 40,000, and  with  the 

10 91 
" 

22 

d FIG 5. 

enormous volume of water available for dilution of 
the sewage of these  cities it is  unlikely  that  existing 
pollution could reach the boundary. 

The local situation is, however, an unfortunate one 
for these cities, the  general tendency  being to  the 
spread of 'the sewage-polluted water  along  the shores 

rather  than out 

"41 

into  the Bay. The 
samples showed 
that  the  pollution 

FIG 6. ran  either  towards 
Papoose Island  to 

the  north or towards  Pie  Island to the south.  On 
no occasion was it found beyond the Welcome Islands. 

Figure 5.-Thunder Bay,  Lake  Superior.  Daily  variation 
in B. Coli  flndings  showing  intermittent  pollution.  Sam- 
pling  points 6, 8, 10, 20, 21, and 22. Maximum  pollution 
indicates  diagrammatically  the  exceptional  pollution  that 
shown  is 100  R. Coli per 100 C.C. of water.  Figure  to  right 

at   sample  points 6, 7, 8, 9, 10. 
oocurred  August 9th due t o  the  presence OS harbor  water 

Waterworks  intake.   In  contrast   with  Fig.  6 serious pol- 
Figure 6.-Thunder Bay,  in  vicinity of Port Arthur 

lution is here  shown.  Maximum  pollution  shown  is 100 
B. Coli per 100 C.C. of water.  Sampling  points 39, 40, and 
41. 

s 

Table  IV. 
W A T E R S  O F  LAKE  SUPERIOR AT THUNDER BAY 

~ ~ ~~ ~ ~ ~~. ~~ ~~~ ~- 

.E z hod 

a* 
8 .c 
- 
6"; 
" 

I-E 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3F 
37 
38 
3s 
4( 
41 
42 
45 
44 
4f 
4t 
4i 
42 
41. 

DATE. 

~ g .  13-10 . . 
ly 28-Aug.13 

uly 27-Aw.1: 
I' 

Counts  per 
Bacterial 

CC. on Agar 

B : ?  
s :  
5 .. .. 50. .. .. 0.1 

.4 70 2 25. 8.1 .4 1.0 

.4 28 2 1. 3.7 .4  7.8 
4 30 8 1. 2.7  1.0 7.7 

L4 24 2 1. 2. . 3  7.4 
!6 54 26 1. 7.2  2.0 8.2 
16 11 5 5. 2.0 1.0 6.1 
16 16 3 5. 2.7 0.7 2.8 
16 16 4 5. 2.4 0.7 1.1 
16 12 6 1. 1.8 0.5 7.2 
16 3 10 25. 0.5 0.8 0.9 
16 26 5 25. 5.2 3.0 2.2 
16 8 4 25. 1.5  0.7 2.2 
16 17 140 25. 2.3  11.3 1.7 
16 70 5 25. 5.6 1 . 2  0.9 
16 13 3 50. 3 .0  0.5 0.6 
16 . 6 4 50. 1 . 2  0.7 0.8 
15 5 2 5. 1.5 0.4 1 . 4  
15 5 2 5. 1 . 2  0.2 2.2 
14 3 2 25. 0.6 0.2 0.7 
15 10 8 50. 2.3 1.0 0.5 
15 4 0 50. 1.0  0.0 0.1 
15 4 2 00. 0.7 0.1 0 .0  
15 4 1 50. 0.5  0.1 0.2 
15 3 10 50. 1.0 1.0 0.2 
15 10 1 50. 1.2 0.0 0.4 
15 7 18 50. 0.7 1 . 4  0.2 
15 300 48 1. 27 .  3.5 7.6 
16 180 6 1. 14 .  1 . 2  13. 
15 42 8 5. 3.4 1.1 2.4 
15 36 4 5. 3.4 0.7 3.2 
15 34 7 1. 3.8 1.5 7.6 
15 40 5 1. 4.0 1.0 7.7 
15 210 60 1. 84. 27. 84. 
15 300 68 1. 63. 8.9 64. 
15 60 38 1. 17. 5 . 6  15. 
15 50 42 1. 10.  5.2 16. 
15 30 24 5 .  6.8 2.8 6.1 
15 18 8 5. 5. 1. 5.2 
15. 1000 104 1. 155. 27. 70. 
15 76 1 4  5.  17. 4 . 4  9.3 
15 20 6 5 .  5.5 1.8 3.4 
15 10 8 5.  2.2 1.3 2.2 
15 ti 12 5. 2.0 3.0 2 . <  

4 60 2 5.  6.7 . 3  2.5 



28 POLLUTION OF BOUNDAliY WAT'EKS 

At times  pollution  from  Port  Arthur was found to 
extend  along  the  north  shore for a distance of nine 
miles-conditions of pollution which would seriously 
menace an  untreated  water  supply  taken  from  that 
murce  (See Fig. 6 . )  

Examinations of the  tap  water of these two cities 
showed that while the Loch Lomond  water used by 
Fort  William was practically pure, that of Port 

Arthur,  taken  from  Thunder Bay, showed a serious 
pollution on  several occasions. 

The  typhoid  rate of Port  Arthur is several times 
greater  than  that of Fort William-Typhoid Table 
No. xxv*. This can only be attributed  to  the  water 
supply,  since the  sanitary conditions of Port  Arthur 
are  undoubtedly  superior  to those of Fort  William. 

'See page xx., appendix. 

WATERS OF LAKE  SUPERIOR AT THUNDER 
BAY-Continued. 

.- 2% 
-cI g.; 
$ a  "_ 

50 
51 
52 
53 
53a 
531 
54 
55 
56 
37 
58 
59 
ti0 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
725 
721 
72c 
726 

. I -  

DATE. 

~ MAXIMUM 
~~ ~ 

-r" - -. ' 80  22 1. ::~ 45  20 1. 
15, 34 1 4  1. 

5 7 25. 
35 4 5. 

15. 8  3 5. 
15' 80 57 1. 
15  12 6 5. 
15 6 325. 
15 4 660. 
15  10 550. 
15 4000,16000 .1 
15 5000 16000 .1 
7  1800 1200 .1 
7  13000 200 .1 
7 100 800 .1 
7 120 70 1. 
7 8000 4000 .1 
7  6000 4000 .1 
78 1500 180 .1 
7, 1500 200 .1 

12' 4 10  50. 
3 150.  ti, 4 325. 

12' ti 2 25. 
5, 1 050 
5 1 0 0  
5 1 3 0  
5: 360 30 25 

30. 

153 3114 
291 1285 

1443 1723 
1821 1850 
0.4 1 .3  
0.6 1.2 
0.5 1 . 4  
0.7 3.1 
6.1 23. 
1.0 1.6 
1 .3  2.0 
0.7 7.8 
3.0 6.7 
4.5 13. 
4.8 

58 135 
38 33 

4457 2314 
4155 2138 
1068 124 
8ti2 115 
0.s 1.6 
0.5  0.1 
1.0  0.3 
1 . 4  0.1 
0.2 0 
0 0  
0.2  0.6 

73. 6. 

28. 
20. 
17. 
3.7 
1.8 
2.8  

3.8 
0.8 
0.6 
0.4 

14.  

520 
340 
757 
742 
371 
100 
742 
742 
742 
t114 

0.5 
0.3 
1.0 
0.6  
0.4 
0 
0 
1.6 

t 
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REPORT OF INVESTIGATION  RE  POLLUTION OF ST. MARYS RIVER; LABORATORY HEADQUARTERS 
AT SAULT  STE.  MARIE, ON". FIELD  EXAMINATIONS  COVERED  THE 

PERIOD JUNE 28th"JULY 17th, 1913. 

The  population  upon  the  drainage Table V. 
area of Whitefish Bay, at  the head of __ 
St. Mar* River, is practically nil, I 

WATERS OF THE  ST. MARYS RIVER 
-. ." 

I I but  the "lake traffic passing  through ' I this  part of the  river is enormous. 
Samples  in  the  ship  channel  along 
the firsi cross-section extending  from 

I ,  Gros Cap to a point above Bay Mills 
showed the average pollution to be 
greater  than  that  existing between 
the  snip  channel  and  the shore. Obvi- 
ously this  pollution  is  due to  boat 
traffic. Inshore samples show some 

IJ pollution probably due to drift  from 

1 1  
"ILL 
__yI 

FIG 7. the boat channel. 
The second 

cross-section be- 
tween Brush "I, I JJ, _L1, 
Point  and  Point C... I) 

aux  Pins showed 
in  this  narrow  channel  concentration of the  pollution 
found  higher  up.  (See  Fig. 8.) 

The  third cross-section, just above the waterworks 
intake of Sault  Ste. Marie, Mich., showed prac- 

tically  the same  degree of pollution 

1 IU 0. 

as the previous one. Water  from 
this vicinity ought  not to be fur- 

r,cQ nished by the  municipality  without , .- I .  
adequate  treatment of some kind. 

The  pollution of the  water &own here probably 
explains the  continued excessive typhoid  rate of this 
city, especially during  the  navigation season. 

The  samples from the points above the Canadian 
ship  channel showed great increase of pollution, much 

showing effect of pollution  due  to  vessel traffic. Sampling 
Figure ?.--St. Marys  River.  Daily B. Coli findinps. 

points 3, 6, 11, 12,  and 13. Maximum  pollution  shown is 
100 B. Coli per 100 C.C. of water. 

flndings  showing  increase  in  pollution  due  to  convergence 
Figure ?,.--St. Marys  River.  Daily variiation in B. Coli 

of vessel  traffic  just  above  the  town of Sault  Ste.  Marie. 
shown  is 100 B. Coll per 100 C.C. of Water. 
Sampling  Boints 14: 15. and 16. Maxlmum  pollution 

Sault Ste  Marie,  Mich.  Pollution  due  to  vessels.  Sam- 
Figure S.--S~t. Marys  River  above  Waterworks  intake, 

Dling aoint  20. Maximum  pollution  shown !s 100 B. Coli 
per 100 C.C. of water. 

DATE. 

-" 
1 Jun.  28-July 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
251Jun. 28-July I( 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
69 
70 
7 1  

L' 

\ MAXIMUM 

i 

12 40 10 1. 
12 30 15  5. 
12  100 80 1. 
12 28 8 1. 
12  12  18  5. 
12  19 240 1. 
12 17  9 1. 
12 34 6 5. 
12 28 6 25. 
12 22 5  5. 
15 28  28 1. 
1 4  1 4  9 1. 
15 75 5 1. 
15 26 6 1. 
15 42 13 1. 
15 20 14  1. 
15  19 7 5. 
15 26 18 1. 
15 21 35 1. 
15 42 42 1. 
15 60 30 1. 
15 27  23 1. 
.5 360  28 1. 
.5 40 9 1. 
.5  200  400 .1 
5 

.1 54 86 15 

.1 130 140 15 

.1 66 150 15 

.1 28 200 15 

.1 36 120 15 

.1 28 260 15 

.1 29 120 15 

.1 100 110 15 

.1 60 350 15 
1. 18 600 15 
.1 12 200 15 

1. 75 100 15 
.1 50 80 15 
.1 150 240 15 
.I 34 300 15 
.1 80 300 15 
.1 360 1000 15 
.1 22 370 

~~ 

12 2 12 * 

8 2 2.8 
16 8 13 
7 1 12 
3 3 4.5. 
5 20 11 
8 1 12 
9 2 2.7 
7 1 1.6 
5 1 4 . 3  
5 2 13 
5 1 26 

12 1 14 
6 1 14 

14 3 22 

6 1 11 
6 3 21 
6 4 19 
9 9 27 

11 4 16 
8 2 23. 

33 4 17 
8  2 20  

33 43 176 
52 8 262 
86 31 94 

109 26 646 
105 21 520 
62 17 364 
35 11 174 
29 1 5 5  
45 6 132 

108  7  56 
85 17 340 
53 17 253 
90 12 287 
84 11 204 
59 11 153 

102 11 144 
67 

246 8 30 
324 21 50 
193 22 

9 1 1 5 .  

~ "" "~ 



of which is probably due  to  the 
I 1  - 24 concentration of shipping a t  

" - 
this  point.  The use of water. 
from  such a  source is extremely 

JuLy12. F,c 9. .IIILy14. dangerous. Unfortunately,  the . ." .-. 
water  supply of Sault  Ste. 

Marie, Ont., is  taken  from  the river just below these 
points. Acute  outbreaks of typhoid must always be 
expected from 
the use of such 
seriously pol- 
l u t e d   w s . t e r .  
(Fig. 10.) The 
typhoid  rates of 

* this town have L 
is of importance  to  summer  residents who frequently 
use water from  this polluted  river. 

A series of running samples through  Detour  Pass- 
age  to  Mackinac Island showed colon in practically 
every sample (50 c.c.) . This  pollution is prdbably due 
to navigation,  the sampies  being taken  in  the  line of 
boat traffic. + 

Table VI. 

W A T E R S  OF T H E  ST. MARYS  RIVER-Continued. 

been excessively FIG 10. 
high  for m'any years.  See appendix  for  Typhoid rates. I 

Samples  taken  from cross-sections below the towns 
showed p s s  pollution continuously. The pollu- 
tion was found  to extend,, practically  undiminished, 
to Neebish Island.  This whole section of the  river 

FIG 1 1  

is a very unsafe place from which to replenish the 
water tanks of vessels. The  pollution is general 
throughout  the  river  in both  channels.' The  fact  that 
pollution was found to be common to both channels 

Figure 9 p . 4 t .  Marys  River.  Contrasting  results  on 
July  12th  with  those of July  14th.  Sampling  points  from 
C.C. of water. 
11 to 24. Maximum  pollution  shown is 100 B. Coli per 100 

Figure 10.-St. Marys  River  above  Waterworks  intake 
of Sault  Ste.  Marie, Ont.  Daily  variation  in  the B. Coli 
flndings.  This  pollution is almost  entirely  due  to  navi- 
K - ~ ~ ~ i a r ? Z i ~ F  ~$"p,L%t~::Ak p%SE% 2,h,as: 
of 100 B. Colf per 100 C.C. of water. 

migure 11.-St. Marys  River.  Daily  variation  in B. Coli 
findings,  below  cities of Sault  Ste.  Marie.  Sampling  points 
48,  60, 69, 70, and 71. Maximum  pollution  greater  than 101-1331July 17  
100 B. Coli per 100 C.C. of water. ~ ~~~~~~ ~~ . 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

.. .. 

15 300  38 .1 
15 300 150 .1 
15 200 120 .1 
15 364 100 .1 
15 160 28 .1 
15 120 12 1. 
15 240 12 .1 
15 100  36 .1 
15 52 80 1. 
15 120 200 .1 
15 36 100 1. 
15 70 60 .1 
15 200  52 1. 
15 64  32 6. 
15 150 1 4  .1 
15 41 40 .1 
15 40 50 1. 
15 360 400 1. 
15 23 6 1. 
15 26 120 1. 
15 36 12 1. 
15 80 40 1. 
15 120 21 .1 
15 200 10 .1 
15 90  40 .1 
15  125  23 .1 
15 110 ' 21 .1 
15 104 200 .1 
33 62 8 5. 

53 

24 2 10 
21 31 46 
21 6 13 

158 5 1 4  
98 3 24 
11 4 18 
40 6 38 

180 8 23 
24 9 11 

103 23 30 
45 15 21 

231 8 36 
166 5 36 
48 5 29 

103 7 44 
241 13 93 
241 16 63 
117 18 81 
244 10 

7 10 27 
13 3 22 
16 5 41 
25  5  97 
24 4 152 
29 8 182 

41  8 254 
41 30 312 

40 394 9 

7 6.9 0. 
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REPORT  OF INVESTIGATION RE POLLUTION  OF  THE  LOWER  END OF LAKE  HURON. LABORATORY 
HEADQUARTERS  AT  PORT  HURON, MICH., AND  SARNIA,  ONT.  FIELD EXAMINATIONS 

COVERED THE PERIOD  JULY 3rd-AUGUST 25th, 1913. 

The  examination of samples in  the lower end of Canadian  and  United  States sides (plate 8) gave an 
Lake Huron showed that  this  water would be practi- average of 15 B. Coli per 100 C.C. The  slight  gen- 
cally pure were it not  for  the  pollution  due to boat eral  pollution  found  within  this  portion of Lake 
traffic. That portion  within a radius of three miles Huron, while due  in  part to  the  large  summer popu- 
from  Point  Edward  Light  (this  portion of the  Lake lation  and  swsonal effect of streams,  must be 
is shown on plate 8) showed a slight  though definite accounted for chiefly by the enormous boat traffic 
pollution.  The  sample  points  near  the ,shore on both through  the  middle of this  area. 

Table VII. 
WATERS OF THE  LOWER  END OF LAKE HURON 

"" 

105-117 Aug. 18 . . . . . 
118-123 6' 18.. . . . , 
124-125 ,, 18.. .. . 
109-111 " 18.. . . . 
126-130 6 1  18.. . . . 
131-132 6 1  25.. . . . 
133-138 '6 25.. . . . 
139-140 11 25.. . . . 
141-146 ,, 25.. . . . . 

147 Aug. 8-13 . . . . 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 

" 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.. .. 

.... 

.. .. 

.... 

I"" MAXIMUM 

10 
6 
2 
3 
5 
2 
6 
2 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

26 
26 
26 
26 
26 

20( 
51 

16( 
8( 
11 
3! 

14( 
! 

12  
.. 
.. 
.. 
.. .. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. 
,. 
.. 
.. 
.. 
.. .. 
.. 
.. .. 
.. 

"- 
160 5 .  
25  25. 

142 1. 
45 5. 
6  25. 

17  25. 
4 00. 

31 1. 
6 5. 

31 0 .  
12 10. 
8 10. 

12  10. 
8 0  

42 10. 
65 0.  
1 4  0 .  
1 4  0 .  
20 10. 
16 0. 
2 0. 
2 0 .  
3 0 .  
5 0. 
3 0 .  
9 0 .  
3 0 .  
2 0. 
4 10. 

6400 10. 
1800 10. 
450 1. 
.. 1. 

400 10. 

"" . ... . ~~ ~~~~~ 

AVERAQE 

Oounts per 
Bacterial 

30. on Agar. 
l4 AS 

2 -__ 
? &? = 
N 
N 

.-v m 

0 m ?,on g 
M F9dpI m - - " 

74 
31 

7.7 29 

1 4  34 52 
60 104 155 
1.3 8 

9 3 2.8 
30 1 4  4.0 
5 0.0 2 

125 28 100 
6 3 3.3 
,. 9 0 
.. 6 

2 3 .. 
4 

2.3 19 .. 
5.7 .. .. 6.9 23 .. 
4.6 78 .. 3.0 255 .. 5 2 .. 
0 1 ,. 
0 2 .. 
0 4 .. 
0 1 .. 
0 3 .. 
0 1 .. 
0 1 .. 0 1 .. 0 7 .. 
2 6 .. 
0 3 .. 
0 5 .. 
0 15 .. 
2 11 .. 
0 3 .. 
2 4 .. 



32 POLLUTION O F  BOUNDARY WATERS 

Table VIII. 
WATERS OF LOWER  END OF LAKE  HURON-Continued. 

1 I Jul. 29-Aug. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22lJul. 29-Aug. 2 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
421 

~ ~ ~~ 

MAXIMUM 
Bacterial 

1 

R ' <  
$; CC. on Agar i 

Z Q ?  Oounts per 

I "6; 
9 1 6 

Pi;.: -1" 3 
I Y  

& 14 $1 y I ~ d 
;"' 

- 
15 

500 15 
1. 50  420 

5. 24 53 15 
1. 19 150 15 
1. 34 

15 84  40 1. 

15 90 

1. 20 62 15 

5. 16 

15 1. 33 64 

15 

5. 22 110 15 

5. 14 74 15 

5. 20 120 

1 4  46 1500 5. 
1 4  

5. 2 1  62  36 
5. 2 1  400  30 
1. 2 1  86  25 
5. 2 1  74 15 
5. 11 39 26 
1. 2 1  260 15 
5. ?I 56 31 
1. 21 250 100 
5. 20 33 23 
1. 20 26  22 

.5. 2 1  420 13 
1. 2 1  53 35 
5. 2 1  47 68 
1. 20 250 1 4  
5. 20  84 12 
5. 20 26 15 
5. 20 33 45 
1. 20 42 60 
1. 43 29 20 
5. 17 33 1 4  
5. 33 66 1 4  
5. 22 42 14 
5. 24 220 1 4  
5. 47 33 1 4  
1. 120 43 1 4  
1. 20 (55 14 
1. 50  52 14  
1. 47 140 

129 

18 6 32 
30 10 64 
15 12 

7.3 5 30 
8.4 6 12  
2.9 9 1 4  
9.8 6 26 
6 5 18 
5.2 5 11 
3.6 8 12 

' 8 . 0  8 12 
7.1 10 10 
4.4 5 19 
3.2 8 16 
5.5 7 17 
8.4 8 29 
8.2 8 15 

18 17 19 
11 8 21 
11 8 18 
8.7 8 22 
4.8 118 16 
2.5 7 24 

15 7 22 
5.8 7 22 
5.4 6 22 
5.3 7 30 

13 7 20 
12 9 18 
6.1 8 20 

8 6 7.2 
12 5 4.0 

12  5 3.0 
24 6 7.7 
11 6 4.7 
15 5 4 
16 8 8.5 
38 9 4.6 
1 4  6 2.2 

26 7.8 12 

I 
18  640 20' 5. 

5. 1 16 18  40 12 
3.7 7 56 

91. 8 1. I 13 18  62  28 
19 16 1. 1 16 18  69 90 
6.0 6 

. 
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REPORT  OF  INVESTIGATION  RE  POLLUTION  OF  RIVER ST. CLAIR.  LABORATORY  HEADQUARTERS 
AT  PORT  HURON,  MICH.,  SARNIA,  ONT.,  AND  DETROIT,  MICH.  FIELD  EXAMINATIONS 

COVERED  THE  PERIOD  JULY 9th-AUGUST  25th, 1913. 

Tlle caress-section at  the head of the river showed a 
slight increase in  pollution over the water of the 

lake, probably due to the  concentratiorl 
of boat trafic. J - .J The cross-section above the  mouth of 

FIG 12. the Slack River showed a  continued 
increase of pollution due  to  the sewage discharged by 
Port  Jluron above this point, and undoubtedly 
affected by the back currents  in  Sarnia Bay. 

Samples  from  points 57, 58 and 59 taken  from  the 
Black River show an average count of 3,400 B. Coli 
per 100 C.C. 

The two cross-sections taken below the  mouth of 
the B'lack River showed an enormous  increase in pol- 
lution  in  the St. Clair  on  the  United  States side. The 
pollution of the  United  States side is  due to the 
sewage of Port  Huron, while the  pollution of the 
Canadian side is due to the sewage of Sarnia. 

'Phe cross-section just below the  site of the  Inter- 
national Tunnel  continues to show marked pollution 
dong hot11 shores, illustrating vertical stratification. 

' l ' h ~  two cross-sections above Stag  Island showed 
gross pollution  extending 
a  little  farthep  towards  the 
centre of the  stream, while 
the two below this  island 
showed that gross  pollu- 
tion extended over the 
entire  width of the river. 

The waters of the River 

Lake St. Clair  are  unsafe as a source of water  supply 
without  careful  and  unremitting purification. 

The several cross-sections from St. Clair to Algo- 
nac show gross pollution of the river, more marked 
on the  United  States  than on the  Canadian side, 

I' 
FIG 12A. St. Clair  from  its head  to 

pollution variation on different  days:  left figure  Aug.  Sth, 
Figure 12.-Head of St.  Clair  River. Showing  vessel 

central  figure  Aug.  llth,  right  figure Aug.  12th.  Sampling 
points 41,  42 ,  43, and 4 4  from  left  to  right.  Maximum 
pollution  shown is' 1 0 0  I3. Coli per 100 C.C. of water. 

Figure 12A.-St. Clair  River.  Daily  variation  in B. Coli 
findings.  Showing  the  marked  irregularity of gross pol- 
lution  near  mid-stream.  The  shore  samples  are  continu- 
191. Irregular  line  at  top of maximum indicates  gross pol- 
ously  polluted.  Sampling points 187,  188. 189, i 9 0 ,  and 
lution in excess of 100  B. Coli per 100 C.C. of water. 

owing to the  fact  that  the discharge of sewage is 
chiefly from  the  United  States side, the  Canadian 
municipalities below Sarnia  not being sewered. 

Samples collected along  the cross-sections at   the 
branches of the  delta where the  river discharges 'into, 
Lake St. (Clair showed the  main  ship  channel to be 
the  least polluted, the bulk of the pollution existing 
on each side having passed through  the Chenal EcartQ 
a11t1 North Channel respectively. 

Table IX. 

W A T E R S  OF THE  RIVER  ST.  CLAIR-Continued. 

I I 1- MAXIMUM 

48 
49 

1. 140 1 7 ~  230 Jul. 29-Aug.  25 
1. 1200 1 7 ~  3000 6' $ 6  

50 

1. 33 23 17i I I  c c  52 
1. 17 1 7 ~  145 'I ' c  51 
.l 400 1 7 ~  2000 I' ' 6  

53 
54 

1. 180 52 17 6 '  4 '  

1. 105 230 15 '' ' I  55 
1. 165 54 17 r '  ' 6  

56 

6 '  '1 58 
.O1 3000  9500 16 'L ( 6  57 
.1 250  260 16 'I 6' 

.I 2500  3000 16 "Aug. 14 60 

.O1 3000  15000 16 

62 6 1  ' 6  16 68  60 

1025. 45 16 11 1 1  70 
5. 22 85 16 ' I  69 
.I 300 1000 16 6 '  68 

1. 560 5000 16 Jul. 28-Aug.  21 67 
1. 150  220 16 6 1  ~6 66 
1. 32  122 16 6 '  $ 6  65 
5. 25 155 15 $ 6  ' 6  64 
5. 16 24 15 $ 6  6 1  63 
5. 

* 71 6 '  16 25  35 5. 
72 11 16 90  200 1. 

61  5. 1500 3000 16 , I  6 1  

172 

d g  $ 6  174 
.1 100 .. 21 g g  6 1  173 
. O 1  550 . . 21 July 13-Aug. 7. 

.1 110. . . 21 $1  4 176 
1. 17 .. 21 1 6  6 1  175 
1. 60 .. 21 

-I - 

I 

" 

AVERAGE 
Bacterial 

Counts per 

9 
2 ! C .  on Agar. a 

w R$ 
I%? a 
"0 

0 $ -30% 
00 B 

z z FiSE 

N 
N 

51 

69 37 138 
24 88 233 
23 22 

20 5 13 
15 7 

158 43  88 
25 21 38 
32 18 26 
16  18 18 
11 

3718 1477 2631 
4160 1443 4257 
764  357 130 
340 133 8.5 

18 10 7.5 
9 5. 6.8 

27  8 4.9 
24 10 11 
47 23 31 

793 120 55 
125 32 87 
19 

10 11 
1.6 4 11 
4.1 9 

193 26 . . 15 4 .. 
47 8 .. 

151  17 .. 
2405 115 .. 

12 21 21 
2.7 



Table X.  
WATERS OF THE RIVER  ST. CLAIR-Continued. 

WATERS OF THE 

73 

11 78 
" 77 
$ 6  76 
+ <  7.5 
6 '  74 

.Juh 28-Aug.2 

" 99 
" 98 
' I  97 
" 96 
" 95 
" 94 

July 28-Aug.1 93 
" 92 
6 '  91 
1' 90 

July 28-Aug. 89 
" X8 
" 87 
6' 86 

July 28-Aug.1 85 
16 84 
'6 83 
1 6  82 
(' 81 
1. 80 
" 79 

100 ' 6  

101 Aug.  8-16 . . 
102 ' 6  

103 1 1  

104 6 1  

178 11. 

179 1 6  

180 " 

181 " 

182 July l4-Aug. 
183 r' 

184 8 '  

185 I+ 

186 11 

187 1' 

188 1' 

189 " 

190 " 

191 1; 

.. 

.. 
177 July 13-Au~. 

.. 

1 MAXIMUM 

15 500  200 .1 
15 500  23 5. 
15 47 12 1. 
15 900  420 1. 
15 2200  300 1. 
15 430  220 1. 
15 42  28 1. 
15 42  22 1. 
15 2500  4000 .1 
15 2000  3800 .1 
15 92  230 5. 
15 88 160 1. 
15 2000  3200 .1 

15 220  54 1. 
15 195  110 1. 
9 66 6025. 
9 66 38 5. 
9 45  22 5. 
9 42 48 5. 

15 125  120 1. 
15 180 320 5. 
15 20000  5200 .1 
15 580  500 .1 
15 11200 6000 .1 
15 6800 1600 . j. 
8 5000  4000 .1 
8 3900  5000 .1 
6 360 600 1. 
6 3000 43 1. 
6  50  1700 1. 
6 165  55 1. 

22 . . 400 .03 
22 .. 60 1. 
22 .. 112 1. 
22 . . 125 .1 
22 .. 240 .O1 
21 . . 420 .O1 
21 .. 400 .1 
21 .. 115 1. 

-21  .. 170 1. 
21 .. 370 .1 
21 . . 470 .O: 
21 .. 150 .1 
21 . . 120 .1 
21 .. 94 .1 
21 . . 250 .1 

15 a 1400  1500 .1 

I I 
AVER 

Bacterial 
Counts pel 

00. on Agal 
. "" .~~~ 

9 
; $  
2 , "  

ca 

- -. 
130 

3i 75 
1 1 4  

64 
4( 

388 112 
89 41 
1 4  E 
16 E 

916 530 
609 429 
43 47 
31 28 

524 522 
385  210 
64 12 
49 25 
28 

44 
33 40 
1 4  22 
11 17 
15 28 
17 

49 
lb31 464 
227 162 
898  50 
720  243 

1041 801 
1603  887 
179 198 

1143 32 
36 320 
53 31 
.. 113 . . 10 
.. 16 
. . 33 
. . 51 . . 137 
. . 39 
. . 20 
. . 27 
. . 41 
. . 207 
. . 25 
. . 19 
. . 17 
. . 55 

E.." 
a 

L P.; f 

8': z 
U O f  ais;, 

86 

-0 m 

5.6 
9.6 

12 
40 
25 
10 
13 

232 
163 

18 
5.8 

1 RIVER ST. CLAIR -Continued. 

MAXIMUM I AVERAGE 

306 July  30-A~g.14 1 5  
307 6 1  ' 6  15  
308 $1  ' 6  15 
309 $ 6  1' 15 
310 6 8  I' 15 
311 6 6  $ 1  15 
312 ( 6  ( 1  15 
313 $ 6  6 6  15 

. . . I July 9-Hug. 81 27 -___ 
Port Huron tap. 

- 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 

~ 

~ 

..I 

"" 

37 .I .. 
97 .1 .. 

150 I .  .. 
59 .1 .. 

1044 .01 .. 
390 .1 .. 
521 .1 .. 
146 ..l . . 

l O O O ]  1. 1 .. 

"- 
15 106 
36 183 
53 51 
21 244 

281 1228 
93 316 

102 508 
41 268 
561  22 

299 
177 WATERS OF THE RIVER ST. CLAIR-Continued 
18 
15 
1.7 
6.2 
7.1 
9.7 

9.4 
21 

622 
384 
509 
334 
662 
775 
60 
44 
40 
40 

1814 
15 
17 
75 

1895 
1502 
273 
45 
29 

2073 
142 
82 

104 
159 

202 rd 

DATE. 

" 

/J 

J 

J 

UIY 14-16. . . . 
.I" . . . . 

d y  15-17.. . . 
6 '  .. .. 

uly 14-16. . . . 
4 6  .... 
$ (  ..  .. 
6 '  .. . .  
' 8  .... 
s i  .... 
( j  .... 
C '  .. .. 
6' ..  .. 
$ 1  .... 
" .... 
6s .... 

I I MAXIMUM 

3 

11510. .. 3 
.1 24 .. 3 
.1 200 .. 3 

3210. .. 3 
1.  82 .. 3 

.I 43 .. 3 
1. 150 .. 

3 3210* 1. . * I  .., 370 
3 .1 . . I  55 
3 
3 

.1 420 .. 

1. 19 .. 3 
1. 137 .. 3 
0.  29 .. 3 
1. 33 .. 3 

.1 44 .. 

AVERAGE 
Bacterial 

X!. on Agar. 2 , 

Oounta per a 
w hz 

- .. ~ 

9 

ai22 4 

6:s $ I 
j v m  9 %?x 

. . 59 100 

. . 23 370 

. . 

.. 
36 38 

70 9 .. 
70 65 .. 0 17 .. 
40 27 .. 

400 23 . . 300 161 . . 
700 32 . . 40 163 .. 6 .0  1 4  .. 

10 69 . . 
340 19 .. 

1000 126 . . 
6.(i 12 

m 

"- 
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REPORT OF INVESTIGATION R E  POLLU.TION OF LAKE ST. CLAIR.  LABORATORY  HEADQUARTERS 
AT  DETROIT, MICH., AND  WINDSOR, ON". FIELD  EXAMINATIONS  COVERED 

THE  PERIOD MAY 23rd-OCTOBER 6th, 1913. 

The bulk of the  eastern  portion of Lake St. Clair 
was shown to be comparatively  pure. 

Samples  taken  from  the  lake  near  the  points  where 
the  Thames  and  Clinton Rivers  discharge  indicate 
that these  rivers do not affect the  general  character 
of the  lake water beyond a very short  distance  from 
their mouths. The examinations were made  in  July 
and August,  and i t  is  quite  probable that when these 
streams  are  in flood, for instance  in  April,  the  pollu- 
tion would extend  farther  out  into  the lake.  Exclud- 
i n g  the  tributary  streams,  the  largest of which 
(Thames  and  Clinton) were shown to have  no  appre- 
ciable effect at  this season, there  exists  the  pollution 
from  the St. Clair  River  and  the sewage discharged 
from vessels. 

It will be remembered that cross-sections at   the 
delta of the St. Clair River showed that  the bulk of 
pollution left  the  river by the  right-hand or North 
Channel  and  the Chenal  EcartB. The  purer water 
with  a  relatively  slight  pollution  entered  the  lake 
by the  south  channel  (main  ship  channel). 

The  conditions  in Anchor Bay  and  that very shal- 
low portion of the  lake  north of the St. Clair  Flats 
Canal are favorable for  the  action of sedimentation 
and  other agencies  which thin  out  and  diminish pol- 
lution, As the  drift  from  this  portion of the  lake 
is  south  toward  the  main  ship  channel, some pollu- 
tion reduced by the  natural agencies just mentioned 
probably  again  reaches the  main  ship  channel. 

3 

4 
5 

I_ 

;5 I 16 

FIG 13. 
17 18 

A 1 " 
Samples  taken  from  a cross-section in mid-lake 

crossing  the  boundary half-way between the lower  en- 
trance of the St. Clair  Flats  Canal  and  Peach  Island 
showed an average  pollution of about 6 B. Coli  per 
100 C.C. of water  in  the  vicinity of the  ship  channel 
and  from  this  point  to  the  United  States shore. The 
Canadilan portion of the  lake is south  and east of the 
line of vessel traffic  (sample points 3, 4, 5, fig. 13) 
and, as  already  (stated, showed V ~ T Y  little  pollution. 

The effect of vessel pollution  is  considerable, and 

findings. Sampling points 3. 4. and 6 from  eastern portlon 
Figure 13.-Lake St.  Clair. Daily variation in B. Coli 

of lake  show  almost  entire  absence of pollution.  Sampling 
points 15,  16, 17. and 18 in  the  line of vessel  trafflc  show 
varying  pollution.  Maximum  pollution  shown  is 100 B. 
Coli  per 100 C.C. of water. 

a  series of samples  taken from a pas- 
senger  steamer in  the  direct  line of 
traffic showed the average  pollution in 
the  ship  channel  from  the  St.  Clair 
Flats  to Belle  Isle  to be about 21 B. Coli ' 
per 100 c.C. of water. 

findings.  Sampling  point 316 in  direct  line of vessel 
Figure 14.-Lake St. Clair.  Daily  variation  in B. Coli 

trafflc. Maximum Dollution shown is 100 B. Coli Der 100 
C.C. of water. 

Table XI. 
WATERS  OF  LAKE ST. CLAIR 

"- 
1 

17 16 Sept. 5-30.. . . 8 
6 10 < c  .... 7 
4 10 .... 6 
9 10 $ 6  .... 5 

11 10 6' .... 4 
6 10 .... 3 

11 10 " .... 2 
, 8 10 Sept. 5-24.. . . 

9 24 16 .... 
10 11 16 1 6  .. .. 
11 

13 1 4  $ 4  .. ,. 24 
6 1 4  6 1  .... 23 
3 1 4  Seyt.  9-30.. . . 22 

11 15 11 .. .. 21 
4 15 11 .... 20 
5 15 .... 19 

16 15 1 6  .. .. 18 
-58 15 S I  . . .. 17 

8 15 1 6  .... 16 
4 15 I *  .... 15 
6 15 11 .... I* 

10 16 6 1  . . . . 13 
26 16 $6 . . . . 12 
9 16 1 6  .... 

520-525 Oct. 6 . .  . . . . . . 6 12000 
526-543 $ 6  . . . . . . . . 18 40 
600-601 Sept.  30.. . . . . 2 20 

216 May 23-July  7 23 . . 602-618 30 17 $6 . . . . . . 
' 217 

218 
.. 23 $ 6  61  

.. 15 8 '  '1 318 

.. 15 11 317 

.. 15 11 6' 316 

.. 15 1 6  $ 6  315 
. 15 Jul. 30-Aug. 14 314 

.. 23 ( 6   $ 6  220 

.. 23 $1 6 1  219 

.. 23 1 6  $1  

" - 
25 

20 
0. 13 
0. 18 

50. 

15 
05. 12 
20. 30 
0. 

50. 
22 5. 
16 25. 

38 20. 
28 5 .  
90 5. 
18 5. 
35 1. 
7 5. 

29 5. 
6 5. 

11 1. 
44 5. 

1 4  55: 

10 20. 

18 1. 
8 

855 
GOO 

. 

1. 80 
1. 223 
1. 200 
1. 100 
1. 44 

10. 181 
1. 175 
1. 83 
1. 25 
.1 110 

25. GO 
5. 140 

25. 33 
.1 

"" 

4 

3.7 8 3 
5.7  5 2 
3.7 3 1 
7.4 5 2 
3.7 6 1 
9.3 2 1 
6.4 3 3 
3.7 6 6 
5.6  2 2 
7.0 4 1 
1.0 4 2 
1.0 11 2 
0.7 6 4 
0.3 7 3 
0.0 5 3 
0.3 0 4 
0.3 6 3 
0.4 5 2 
0.4 6 2 
0.2 9  3 
0.0 8 2 
0.0 7 2 
0.0 7 3 
0.2 7 

6 6 1.4  

4 10 0.2 

: : I  10  7.8 .. 1 4  7.8 . . 25 15 
.. 34 5.2 
.. 27 51 . . 19 26 

261 26 : : I  40i 20 

4700 

142 47 

11 80 10 

350 200 

. . 201 12 
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REPORT OF INVESTIGATION RE  POLLUTION OF DETROIT  RIVER.  LABORATORY  HEADQUARTERS 
AT DETROIT, MICH., WINDSOR,  ONT.,  AND  AMHERSTBURG,  ONT.  FIELD EXAMINATIONS 

COVERED THE  PERIOD MAY 23rd"OCTOBER 14th, 1913. 

Samples  taken  along  a cross-section where the 
Detroit River leaves Lake St. Clair showed about 
the same degree of pol- 
lution as .the slake in  the 1 'i_ & 
centre of the  channel, FIG 15. 
with  increased pollution close to  the  United  States 
shore. 

Samples  taken  along  a cross-section at  the head of 
Belle Isle showed considerable pollution  near both 
shores. This  is enormously  increased at  the  nest 
cross-section, especially at  the sample points  near 
the  United  States shore. The  results of our analyses 
of samples taken albove the  intake for the  Detroit  city 
water supply showed this to be an  unsafe aource of 
dupply without  careful  treatment.  The  application 
of hypochlorite of lime  in  the  quantities or by the 
method  in vogue in  Detroit  during our investigation 
does not  in  our opinion represent  adequate  treatment. 

297 151 

FIG 16. 

Samples  taken  along  the several cross-,sections from 
this  point to the  site of Michigan Central  Tunnel 
showed a  marked increase of pollution  in  the shore 
samples. 

The water intakes of Walkerville and Windsor are 
both located in dangerous situations, owing to the 
discharge of sewage above these intakes  and to the 
pollution due to  navigation. In spi te  of the efforts 
made by these  towns to  protect  their supplies by 
means of chlorination,  the  typhoid  rates  remain too 
high.  At  times  the  pollution  is so great  that  the 

B. Coli findings.  Intermittent  pollution  probably  due  to 
Figure  16,"Head of Detroit  River.  Daily  variation  in 

vessel  traffic,  Sept. 4 t o  23,  1913. Sampling  points 41, 43, 

( x .  of water. 
4 5 ,  and 47 .  Maximum  pollution  shown  is 20 B. Coli per 100 

Figure 16.-Detroit River   a t  M.C.R.R. Tunnel.  Daily 
variation  in R. Coli findings,  showing  enormous constant 
pollution at  shore  sampling  points 227 and 231 and  inter- 
mittent  pollution at sampling  points 228 and 2 3 0 .  Irregu- 
lar  line of mamimum  indicates  gross  pollution  greatly  in 
excess of 10,000 B. Coli per 1 0 0  C.C.  

N O T E  Averages Table XI1  continued. D l  to Dl2 on page 40 

Table XII. 
WATERS OF DETROIT  RIVER. 

DATE. 

1913 

25 Sept. 9-30.. . 
27 (' .. . 
28 Sept. 5-22.. . 
29 

I *  .. . 36 
. . . 35 

6. .. . 34 
" .. . 33 
" . . . 32 
11 .. . 31 
1 6  .. . 30 
$ 6  . . . 

37, .. . ,  
38' 6 '  . . . , 
40 Sept. 4-23. . . , 
41 6' .. .. 
42 '( . . . .  
43 " .... 
44 6 s  .. . 
45 6 '  .. . 
46 ,, . . . 
47 1' .. . 
48 $ 6  .. . 
49 ( (  .. . 
50 " . . . 
51 .. . 
52 'I . . . 
53 

6' .... 70 
6 '  .... 69 

Sept. 4-20. . . . 68 
1 6  .. .. 67 
6 '  ..., 66 
4 '  ..., 65 
'6 ..., 64 

Sept. 4-22 63 
( 6  .. . ,  62 

. . . 61 
" ... 60 
4 6  . . . 59 
6 1  .. . 58 
I' .. . 57 
c r  .. . 66 
" . . . 55 
' I  . . . 54 
1' . . . 

261 " . . . 

391 " . . . I  

71 6' .... 
72 

" .... 75 
IC ..  .. 74 
" .... 73 
c g  .... 

$ 4  .... 76 

1 MAXIMUM 
y) Bactrrial - cc. on Agar a 2- Counts per E 

2 
~ ~ ~ ~~~~ 

z p  
$ $  

c4i2 1 s g; 
.;u $ E 5 
2:. $ 

a 
"d 
i 2  __ 

""_ 
14 

28 18 15 
5. 12 40 15 
1. 30 180 

5. 19 52 15 
5. 21 23 16 

25. 24 92 16 
1. 25 51  16 
5. 27 42 16 
1. 16 16 16 
5. 22 23 16 
5. 28 70 16 

25. 39 46 16 
5. 280 65 16 

25. 36 33 16 
25. 36 65 16 
5. 37 38 15 

25. 37 28 15 
5. 18 21 15 

25. 26 160 15 
25. 27 34 15 

3425. 28 15 
25. 34 32 15 
5. 45 21 15 

4225. 39 15 
25. 42 35 15 
25. 24 33 15 
25. 24 29 15 
25. 17 19 15 
5.  12 17 15 
1. 46 22 15 
5. 

15 l5 ;: ;;I ;; 
15 

10 
1. 500  1300 16 
5. 80 67 15 
5. 10 140 16 
5. 19 42 

1. 480 260 15 
1. 35 460 15 
5. 63 20 1 4  

1825.  15 15 
5.   .42 27 15 
5. 62 41  15 
5. 50 55 15 
1. 100 85 15 
.1 2010 3000 15 

I .  21 45 16 
5. 16 80 16 

1125. 32 16 
30125. 26 IG 

25. 50 19 15 
. O  5600  16000 16 
.1 1400 4000 

AVERAGE ~~ ~ 

"" 

Bacterial 

" - " 

36 9 1 4  
8 

9 
2.2 5  7 
2.9 5  5 

10 10 5 
2.8 . 7 6 

5 4.1 

1.7 7 
10 8 0.5 
10 13 2.6 
12 11 2.6.  
7 

3.0 11 18 
4.7 4 16 
5.8 6 9 
4.4 4 5 
3.2 7 9 
2.6 9 11 
3.0 9 9 
3.8 8 17 

10 11 1 4  
7.8 13 1 4  

11 6 6 
4.2 6 7 
4.8 6 8 
1.9 7  8 
2.7 22 13 
1.8 8  12 
2.5, 10 13 
5.0 13 16 
2.9 9 10 
6 .2  8 9 
0.8 9 19 
1.4 9 10 
0.5 11 9 
0.8 10 11 
1 . 7  8 

239 

973 1376 !602 
179 437  1165 
26 76 

7 

10 10  15 
3.5 8 1 4  
2.8 6 10 
2 . 3  10 9 
2.1 11 

363  217 185 
31 28 23 
1 4  11 

3.7  10 11 
1.8. 

7 7 4.9 
6 6 1.7 
6 9 4.1 

62 
37  27 

11 10 
14  
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quantity of chlorine  required to  overcome it gives 
objectionable  taste to  the water. 

L Investigation  made of the effectiveness 
of chlorination in Windsor  and  Detroit 
showed that  there were frequent  breaks  in 
its efficiency. These were probably  due  to 
lack of uniformity of the available  chlor- 
ine  content of the  hypochlorite used,  the 

SEP'13. tendency  to  reduce the necessary quanti- 
ties  on  account of complaints of taste, and 
of intermittency in its  administration. 

Samples  taken from a  cross-section over 
the Michigan Central  Railroad  Tunnel 
showed gross  pollution at  sample  points 
near the  Canadian  and  United  States 

SEP,Is shores, and a considerable  pollution  extend- 
ing across the  entire  river.  (Fig. 16.) 

Samples  taken  from  several cross-sec- 
tions showed gross pollution  throughout 
the  entire  river  from  the Michigan Central 
Railway Tunnel to. Fighting  Island. 

From F'ighting  Island to the  mouth of 
SEPW the  river  the water  is  grossly  polluted and 

totally u d t  as a source of water  supply. 
I t  is our opinion that such  raw  water would 
impose an unreasonable  responsibility  on 
any known method of purification, even 
with most careful supervision. Unfortun- 

ately.  Wyandotte, Trenton  and  Amherstburg  are  tak- 
i n g  thcir water supplies from this part of the river. 

SEPT 6. 

93 - IO1 u 
1 
1 
93 - IO1 

91 - 101 

93 - IO1 

FIG 16~.  

The  distribution 
and c o u w  of pollu- 
tion  the sktrtch, are shown No. by 1 11 4 4 
(page 39). This 
shows the H. Coli, 
average in figures for 
several of these cross- 

Flc 17 sections. 
The B. Coli  content  per 100 C.C. has  increased from 

below 5 in Lake St. Clair  water to an average of 315 

Figure 16A.--Detroit River  cross-section  above  Fighting 
Island,  sampling  points 93 to 101, inclusive. Showing 
daily  variation  across  this  section on Sept. 6, 13, 18, and 

pollution in  excess of 100 B. Coli per 100 C.C. of water. 
27. 1913. Irregular l ine  a t  top of maximum indicates gross 

I 
Figure l'i'.-Detroit River  above  Waterworks  intake of 

Trenton, Mich.  Showing  wonstant  gross  pollution  daily. 
The  average for  these  three  sampling  points 106, 106, 107, 
was over 11,000 B. Coli per 100 C.C. of water. 

WATERS OF 'I 

DATE. 

"_ --- 
77 
78 

Sept. 4-20.. . . 

$ 6  .... 81 
6' .... 80 
$ 6  .. .. 79 
1 1  .... 

82 $ 9  e * * .  

83 
Sept. 4-Oct. 2 84 

6 1  .. .. 
85 
86 

6 6  6' 

4 4  6 1  89 
1 6  4' 88 
6 1  6 1  87 
6 1  L '  

go I' I' 

91 
92 

I' I' 

, I  

93 " ' I  

94 1' " 

95 a' ,' 
96 L' 6 '  

97 '1 ' I  

gg 'I 'I 

100 " " 

101 " " 

102 Sept. 10-25. . 
103 ,, 
104 16 

221 May 23-July ' 
222 '6 " 

223 June 4-25.. . . 
224 May 23-July 5 
225 ' 6  $ 6  

226 
16 $1  227 

6 1  

4 246 
1, 245 
$ 6  244 

.June 18-Jul. 31 243 
May 26-Jul. 1 f  242 

" 211 
$ 6  240 
6 1  239 

May 23-Jul. If 238 
May 23-July 5 237 
June 18-July 5 236 
May 23-July 7 235 
June  15July i 234 
May 23-July 5 233 
.June 2-9 . . . . 232 

16 $6 231 
' 6   1 6  230 

May 23-July 5 229 
June 18-July 7 228 

98 I I  ' 6  

~~ ~ 

Table XU.-Cont'd. 

cou Ba 
* cc. 

~ 

6 
~$ 0 

' .  N 
N 

I 
m 

11 

15 24' 
15 6101 
15 3! 
15 2 
15 4' 
15 44l 
15 38' 
15 32' 
15 22' 
15 9 
15 5 
15 12' 
15 88 
15 136 

" "- 

15 200 
15 440 
15 9200 
15 6800 
15 510 
15 140 
15  13 
15 8 
15 8 
15 7 
15  13 
13 2600 
13 2500 
13 300 
23 .( 
23 * *  

12 . . 
23 . . 
23 .. 
23 . . 
25 .. 
14 .. 
25 . . 
25 . . 
25 . . 
7 .. 

27 . . 
18 . . 
28 . . 
18 .. 
31 . . 
30 . . 
30 . . 
30 . . 
30 . . 
29 . . 
22 . . 
22 .. 
22 . . 
22 . . 

srial 
a per 
Agar '' 

"0: 
___ ; z  

9 i z ,  
$ 6: 

ma' "- 
420 5. 
420 .I 
600 25. 
34 5. 
27 5. 
90 1. 

180 .I 
220 .c 
160 .D 
220 . 1  
24 .I 
32 5. 
55 1. 

280 5. 
3000 1. 
2600 .( 
8700 . C  
5200 .( 
2400 .I 
1000 .I 

80 5. 
60 1. 
30 5. 

1200 1. 
170 .I 

20000 .( 
18200 .( 
5000 .( 
1700 .01 

37 1 
41 10 

135 1 
81 1 

538 .1 
17200 .OO 

72 1 
555 1 
187 1 

1160 . O 1  
15400 .OO 
17500 .OO 
3400 .1 
138 1. 

5140 .01 
4280 .01 

35000 .OO 
5000 .1 
300 .1 
120 .1 
219 .1 

213000 e 0 0  
55000 a 0 0  
30100 e00 
23000 e 0 0  

9 
N 
N 
0 

7 4  
m - 
31 

991 
11 

1 
1 1  

10: 
16: 
171 
71 
3: 
1( 
2: 
1( 

18( 
25' 

197( 
3771 
3281 
115: 
201 
31 
2 
l! 
21 
5. 

012, 
833: 
1111 

.. .. 

.. 

.. 

.. .. 

.. .. 

.. 

.. .. 

.. 

.. .. .. 

.. 

.. 

"- 
411 5.8 

1621 170 
45: 3.0 

E 
27  45 
47  377 
54 1097 
44 1168 
28  299 
1 4  93 
10  4.2 
15  12 
58 16 

368  30 
835  1229 

3476  4900 
666  1094 
462 481 
170  169 
17 9.7 
12 18 
11 6.1 

105 24 
33 299 

6574 7853 
4320  4170 
1120  2447 
293  912 
13 25 
16  2.5 
18  18 
16  19 
95 138 

1160  17125 
36  27 
43  34 
33 34 

472  5050 
7337 18871 
4744 15000 
417  269 
28  47 

497  875 
630  2800 

2622  21400 
773  630 
53 160 
37 147 
73 326 

8104  25150 
1766  32450 
3555  18950 
0319 10810 
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Table XI1.-Continued. 
WATERS OF THE'DETROIT RIVER-Continued . 

I MAXIMUM 1 AVERAGE 

3 ~ Counts per 2 CC . on Agar 2 % Z  CC . on Agar . 0 
4 counts per ~ a . 0  

i Bacterial u d Bacterial 
~~ 

Md .E! z 
a . 9 
2z 

DATE . $ 3 , 2 4 

- !a* 

264 

2620 1548 . . S O 1  10 . . I  2461 6 1  . . 269 
2620  4215 . . . 01 ::~ . . 14000 $ 4  : : 268 

24310 36035 . . . 001 180000 . . 11 267 
23500  23911 . . a001  43400 10 . . 6 1  . . 266 
34300 28678 .. . 001 46000 10 .. 6 1  .. 265 
24400 23804 . . . 001 35000 10' . . July 21-31 . . 

271 1 6  . . 10 660 . 01 . . 292 1630 
272 

460 137 .. . 1 101 .. 280 $ 6  .. 273 
361 91 .. a 1  10, ::I 160 $1  .. 

270 1720 856 . . . 01 l o !  . . I  1140 ,, . . 

WATERS OF THE DETROIT R1VER.Continued . 

.- & 
-* u $2 
$p.r 
"" 

228 

24 ft . 240 
12 ft . 240 
Surf . 240 
24 ft . 234 
12 ft . 234 
Surf . 234 
24 ft . 228 
12 ft . 228 
Surf . 

D 25 Surf . 
D 25 15 ft . 
D 26 Surf 
D 26 8 ft . 
D 26 18 ft . 
D 27 Surf . 
D 27  20 ft . 
D 27  30 ft 
D 28 Surf . 
D 28 
D 28 

18 ft . 

36 ft . D 29 
26 ft . D  29 
Surf . D 29 
28 ft . 

.U g. 18-27 . . 
. . . . . .  
. . . . . .  . . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  

kt . 6-10 .... 
. . . . . .  

kt . 7-13 .... 
. . . . . .  . . . . . .  
. . . . . .  . . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  . . . . . .  
. . . . . .  . . . . . .  . . . . . .  

9 .. 136 1 
9 .. 240 1 . 

9 ' .. 168 1 . 
9 .. 271 1 . 
9 .. 211 1 . 

9 .. 238 1 * 
9 .. 876 -1 
9 .. 735 *1 
9 .. 812 *1 
3 10000 400 *1 
3  10000 420 *1 
4 6500 760 *1 
3  8600 2200 1- 
4 9000 1800 1 * 
4 3200 520 *1 
4 20000 600 1 * 
4 18000 1400 
4 18000 440 1 . 
4 20000 520 1 . 
2  12000 75 1- 
4 720 80 5 
4 1100 40 5 * 
4 480 80 1 . 

$ 
N 
0 

7 4  
m 
" 

.. 

.. .. .. .. .. .. .. 
950C 
7450 
382C 
472E 
6933 
780C 
760C 
7362 
661C 
814C 
73c 
231 
331 
291 

.. 

_ AVERAGE 
. .  

Bacterial 
Oounts per 

. 

" 

76 70 
126 70 
142 70 
69 80 

119 60 
123 70 
551 690 
477 590 
522 490 
320 373 
320 700 
436 285 

1125 46 
866 80 
380 322 
350 76 
585 322 
223 100 
272 75 
67 60 
33 7 
24 8 
31 32 

~ _ _ _  . 

Table XI1.-Continued. 
WATERS OF THE  DETROIT RIVER-Continued . 

M d  . P z 
a;: 6 '6 
$F4 

I 

D 30 
17 ft . D 30 
Surf . 

D 24'16 ft . 
D 24,Surf . D 23118 f t  . D 231 8 ft . 
D 23,Surf . 20 ft . D 22 

10 f t  . D 22 
Surf . D 22 
21 ' f t  . D 21 
11 ft . D 21 
Surf . D 21 
30 It . D 20 
20 ft . D 20 
Surf . D 20 
25 ft . D 19 
15 ft . D 19 
Surf . D 19 
25 ft . D 18 
15 ft . D-18 
Surf . D 18 
25 ft . D 17 
15 ft . D 17 
Surf . D 17 
18 f t  . D 16 
10 ft . D 16 
Surf . D 1b 
20 ft . D 15 
10 ft . D 15 
Surf . D 15 
42 ft . D 1 4  
32 ft . D 1 4  
Surf . D 1 4  
30 ft . D 13 
20 ft . D 13 
Surf . D 13 
30 ft . D 32 
20 ft . D 32 
Surf . D 32 
32 ft . D 31 
27 ft . D 31 
Surf . D 31 
27 f t  . D 30 

.._._ ... ._ 

" . 
let: 7-13 . . . .  

135 3 . . . . . .  
98 4 . . . . . .  
74 4 . . . . . .  
ti5 4 . . . . . .  
45 3 . . . . . .  
73 4 . . . . . .  
57 4 . . . . . .  
54 4 . . . . . .  
72 4 

kt . 4.7 ...... 2 14  
k t . 4  ........ 1 36 
. . . . . . . . . .  1 12 
' 6  ........ 1 11 
.......... 1 

360 4 )et . 6-10 .... 
400 4 . . . . . . . .  
400 4 . . . . . . . .  
140 4 . . . . . . . .  
110 4 . . . . . . . .  
800 4 . . . . . . . .  
160 4 )ct . 10 ...... 
60 3 kt . 6.9 ...... 

160 4 . . . . . .  
180 4 kt . 6-10 .... 
60 1 lct .8 ...... 

180 4 . . . . . .  
320 4 kt . 6-10 .... 

3 1 .......... 
4 1 . . . . . . . . . .  
4 1 .......... 
9 1 .......... 

1 4  

.... 

.... 

.... 

.... 

.... .... 

.... 

::::I .... 
:: :: 1 ..... 

" . 
24125 . 
9126 . 

1l1 5 . 

11; 1 . 
223 5 . 
17 5 . 
421 1 . 

155: 1 . 
8\50 . 

151 5 . 
8~ 1 . 

141 1- 

101 1 . 

121 1 . 
1~ 1 . 

2525 . 
1125 . 
1.25 . 

180, 5 . 
80' . 1 

4i 1 . 
1401 5 . 
801 5 . 

180 5 . 
30 

1 . 110 
1 . 30 
5 . 

8 25 . 
14 5 . 
18 1 . 
9 25 . 

4 300  40; 1 . 

4 
4 

25: 1 . 1100 

1 . 320 12000 4 
1 . 650  9000 4 
5 . 140 3000 4 
1 . 200 6900  3 
5 . 120 3100 4 

30' 5 . \180 2 
8Ei 1 . 2000 

......... . ~ ~~~ 

. AVERAGE . 

Oounts per 
Bacterial 

rC . on Agar . 1 2 

26 
1.5 7 20 
1.5 14 

26 1 4  7.5 
27 

36 73 72 
32 17 46 
28 8 26 
8.0 9 

11.5 8 3 
36 10 60 
12 15 G.8 
11 8 

100 12 1 4  
100 

9 1 100 
4 25 4 
4 1 4  
3 1 4  

139 56 7 
100 32 305 
60 4 100 
89  43 7.5 
81 25 11 
36 71 1 4  
99 13 11 

238 13 36 
58 40 36 

184 5 16 
189 8 27 

160 1 4  56 
159 17 36 
245 12 6.5 
522 33 51 
296  46 40 
433 21 31 

1220 43 32 
180 30 20 

2033 73 15 
3600 100 46 
1366 70 11 
4010 376 32 
640, 140 56 

21 7.0 5 

70 41 8 

70 1.5 3 

183 1.5 5 

-~ ~ 







\ SKETCH No.1. 
'\ 

at  the head of Fighting  Island. Fighting  Island 
divitles the river into two channels. There is a great 

pollution in these two chan- 
nels. I n  the  channel between 
khe United  States  Shore  and 
Fighting  Island  the polllu- 
tion is enormous. The  chan- 
nel  east of Fighting  Island 

FIG 18 shows gross pollution, but 
very much less than  that in the United States chan- 
nel. The extensive  pollution of the Lower Detroit 
River  is shown by the averages  ,presented  on the above 
&etch and reach the considerable  figure of 11,592 
B. Coli per 100 C.C. as is shown. 

126 121 difference in  the degree of 

end of Grosse Isle.  Sampling points 120 and 121. Show- 
Figure 18.-Detroit River  near  bathing  beaches,  lower 

ing that  gross  pollution is constantly present. An average 
B. Coli content of 2,675 per 100 C.C. of water was obtained 
in   tnis  neighborhood. 

Table XI1.-Continued. 
WATERS OF THE  DETROIT  RIVER 

I I 
I 

105 Sept. 10-25 . . 
106 1 6  .. 
107 $ 6  .. 
108 Sept. 9-26.. . . 

. 109 ,, ..  .. 
110 '1 .. .. 
111 ..  .. 
112 (1  .. .. 
113 '1 .. .. 
114 .. .. 
115 1. .. .. 
116 11 ..  .. 
117 1 6  .. . . 
118 1 s  .. .. 

i 

Bacterial 
Counts per 

CC. on Agar ____ 
9 c ?  
d m  

t- 

W 
?-I - 

8 -  

I 
123 6' .. .. 1516OOOC 
124 6 1  . . . . 15 5OOOC 
125 $ 6  .. .. 15 3000C 
126 $ 6  . . . . 15 3000C 
127 ,, . . . . 15 3000C 
128 6' ,. .. 15 1OOOC 
129 $ 6  .. .. 15 lOOOC 
130 ' 6  .. .. 15 312C 
131 $ 6  ..  .. 15 54C 
132 ..  .. 15 600( 
133 ' 6  ..  .. 15 94( 
134 $ 6  ..  .. 15 1OOC 

134a ,, ..  .. 12 1401 
247 Jul~lS-July 31 27 . . 
248 8 1  1 6  27 .. 
249 '1 1 6  25 .. 
250 ' L  

251 'I 
1' 27 .. 
$ 6  27 .. 

252  May 23-Jun.31 23 . . 
253 $1  r c  23 .. 
254 6 1  ' 6  23 .. 
255 6 1  1 4  23 .. 
266 6 1  1 6  23 .. 
257 ., ' 6  22 . . 
258 July 3-July 31 22 . . 
259 I' 16  22 .. 
260 6 1  22 .. 
261 6' * &  22 . . 
262 * I  1' 22 . . 
263 8 1  ' 6  22 .. 

"- 
30000 .001 
!0000 .001 
15000 .1 

220 .1 
90 .1 

190 .1 
100 .01 

60 1. 
70 1. 

1000 .1 
2000 .1 

110 1. 
80 .1 

450 .1 
3520 .01 
8000 .01 

90000 .01 
40000 .01 
14000 .01 
20000 .01 
6000 .01 
1800 .01 
1600 .1 
730 .1 

1060 .1 
250 .1 
544 .1 
100 .1 
180 .1 
180 .1 

12000 .oo 
12000 .01 
1900 .01 
2350 -1 
180 .1 

20400 e o 1  

9200 .01 
9900 .01 

570 .1 
3110 *1 

260 .01 

350 e 0 1  
4400 .OO 
8600 -01 
490 .01 
170 *1 
410 .1 

1100 .01 

AVERAGE ~- .~ ~ ~- 

Uounta per 2 z. on Agar. 

Bacterial 
" 

k Psz 
$ 

a.22 $ m d 

Qo" r;' d 
gP 

N 
0 4  

"U v1 
ov_a ' 

"" 

k340 
5870 

13000 12660 

1269 6626 3422 
20735 5826 

61 45 206 
54 

224 49 80 
156 43 

54 
20 

8f.14 39 

80 19 29 
34 15 

2042  562 329 
134 83 

64 30 56 
922 

381 172 338, 
115 28 46 

1282  994 2313 
2853 1527 3034 
9214 12035 3693 
6062 12276 4173 
4927 
7849 

5541 5320 

318 239 1289 
193 320  1392 
994 414  4172 

3513 1839  5699 
4954 3198 

593  251 142 
167 84 120 
525  82 246 
158 35 125 
174 65 201 
194 69 386 
. . 12106 12960 
. . 4278 3433 
.. 406 1144 
.. 234 256 
.. 61 276 
. . 5974 7260 
. . 3505 4482 
. . 1750 2518 
. . 155 271 . . 201 241 . . 137 872 
. . 1662 12740 
, . 

2223 155 .. 
505 83 .. 
194  67 .. 

1240 157 . . 
3126 1032 

286 416 200 
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D 1 
D 1 

Surf . 

Surf . D 4 
42 f t  . D 3 
32 ft . D 3 
Surf . D 3 
40 f t  . D 2 
30 f t  . ‘D 2 
Surf . D 2 
30 f t  . D 1 
20 f t  . 

D 4 36 f t  . 
D 5 Surf . 
D 5 20 f t  . 
D 5 30 ft . 
D 6 Surf . 
D 6 20 ft . 
D 6 30 ft . 
D 7 Surf . 
D 7 6 ft . 
D 7 16 ft . 
I) 8 

30 ft . D 8 
Surf . 

36 f t  . D 9 
26 ft . D 9 
Surf . D 9 
40 ft . D 8 

D 10 Surf . 
D 10 26 f t  . 
D 10 36 f t. . 
D 11 Surf . 
D 11 26 f t  . 
D 11 36 ft . 
D 12 Surf . 
D 12 20 f t  . 
D 12 30 f t  . 

” 

D 4 26 ft . 

Table XU.-Continued. 
WATERS OF THE  DETROIT  RIVER 

DATE . 

”- 

kt  . 11-14 .... 
.... 
.... 
... 
... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 

kt . 4-11 .... 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  . . . . . .  . . . . . .  

. 
I I MAXIHUM AVERAQE 

Counts per 
Bacteria1 2 

CC . on Agar ’‘ 
. 2 z  

4 1200 240 .I 
4  480  90 . I  
4 290 11 . I  
4  34 6525 . 
4 

1 . 120 820 4 
1 . 140  310 4 
1 . 120 180 4 
1 . 190 580 4 
1 . 110 620 4 
1 . 95 400 4 
1 . 60 325 4 
1 . 36 145 4 
. 1 65 320 4 

5 . 40 8 4 
1 . 50  22 4 
. 6025  18 4 

1 . 250 2000 4 
. 1 110  1230 4 

1 . 260 1800 4 
. 1 4500 80000 4 
.I 1100 36000 4 
. 1 5000 24000 4 

5 . 6 34 4 
850 . 7 4 

0 . 8 20 4 
750 . 8 4 
850 * 8 4 

1650 . 12 4 
3025 . 6 4 
325  . 28 4 

1625 . 12 4 
9 2 5  . 15 4 

2325 . 16 4 
550 . 41 4 
525 . 75 4 

5 . 18 7 

1 

: ~:’ 

. 

“/“I“ ;;;I ;;I 
81 7 
20 18 
4 6  

20 

9 2  
9 7  
6 4  

9 10 
3‘ 17 
2 

3 11 
4 3  

3 11 
5 4  
3 3  
7 7  

11 4 

1740 1606 
8666 420 
0440 1236 
697 111 
642  52 
523 65 
12 21 
10  19 
4 12 

305 
755 
265 
2.5 

. 5 .5  
1.0 
1.0 
2.5 
1.5 
1.5 
3.0 
2.5 
1.5 
1.0 
0.5 
0.0 
0.5 
7 .0  

555 
700 
640 
26 

277 
31 
1.0 

25 
7 

83 

41 57  255 
50 52 134 
32 34 88 
50 59 158 
51 52  203 
40 35  150 
32 17 84 
32 12  51 

250 20 
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INTERNATIONAL  JOINT CmOMMISSION -1.1 
~- ______~- ____"____ 

REPORT OF INVESTIGATION RE :POLLUTION OF THE  WESTERN  END  OF  LAKE  ERIE. LABORATORY 
HEADQUARTERS  AT  DETROIT, MICH., AMHERSTBURG,  ONT.,  AND ON BOARD THE  REVENUE 

CUTTER  "MORREL."  FIELD  EXAMINATIONS  COVERED  THE  PERIOD 
JUNE 11th-OCTOBER 2nd, 1913. 

An extensive investigation was made of the area 
at  the  mouth of the  Detroit River and western end 
of Lake  Erie to Put-In Bay. The  results of the 
examination of a large  number of samples taken over 
this  area show the existence of gross pollution, and 
the  water  in  this  part of the  lake  is unquestionably 
dangerous to crews and passengers of vessels using 
water pulmped from  this region. 

I n  our  opinion  there  is no point  from  the lower 
end of Lake  Huron  to  the  islands which separate 
the western end  from  the  remainder of Lake Erie 
from which  a safe  supply of water could be taken 
for  any considerable portion of the 365 days in a 
year. 

The  limit of the  Western  End of Lake  Erie p.011~- 
tion  is probably in  the  vicinity of the  islands which 
separate  this  portion from the  remainder of the lake. 

Table XIII. 
WATERS OF THE WESTERN  END OF LAKE  ERIE 

181 
1821 ( 6  

1831 I' 

184' ' 6  

185 $ 1  

186 6 '  

187 6 '  ~ 341  40 
5. 

48 1. 

189, (1  8  78 1. 

" I tili 188 11 1 8  60 1. 

190' 6 4  :: i 8 44 110 1.  
191 

' 6  ( 1  ~ 8 191 18 1. 192 
1. 18)  14 '( ' 6  I 8 

193 

1961 
11 195 
4 1  194 
6 4  

33838 742 391 
2489  215  588 
1138~ 93 380 

97 469 
78 151 

57~  15  25 
2Oi 28  28 
26 21 8.2 
27 21  10 
351 26  30 
301 31 33 
26 32 52 
25  36  42 
12 9 20 
11i 11 31 
21' 15 19 
11 10 20 
27 10 30 
13'  9 3.7 

M d  .F z 
DATE. 

E .c 
- a- 
n o  

7L  0 

Table XII1.-Continued. 

---I--- Sept. 12-Oct. : 197 
198 

201 
200 

11 199 
6 6  

' 6  215 
1 6  214 
$ 8  213 
16 212 
$ 6  211 
,, 210 
,, '09 

208 
(' 207 
1 6  206 
1 1  205 
1 s  '04 

. " '03 
202 

274 

6 1  283 
1 1  282 
$1  281 
6 '  280 

279 
( 6  278 
1 1  277 
'6 276 
6 6  275 

Aug. 16-27 . I 

.. 

.. 

.. 

. #  

* .  .. 
284 Aug. 1-16 . . . . 

.. 
285 

'6 ..  .. 326 
6 '  ..  .. 325 
& *  . . .. 324 
$ 6  .. .. 323 
8' .. .. 322 
6 '  .. .. 321 
' 6  ..  .. 320 
' 1  .. .. 319 
6~ .. .. 

1 MAXIMUM 1 AVERAQE 

8 

1 :  
1 : :  

~ : :  

8 

8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 

11 
11 
14 
1 4  
1 4  
1 4  
1 4  
14 
14 
14 
14 
1 4  
15 
15 
15 
15 
15 
15 
15 
15 

641  91 25 1 4 ~  1 4  

1. 18,  10 

1. 

20 111 5 1. 38' 8 
941 14 5. 301 8 13 

200 

43 174 11 1. 38 1000 
21 121  15 1. 56 500 
11 56' 8 5 ,  15 

22 22 1. 10 8 23 
221 18 1. 11; 8 

15 30 18 5. 60 80 
35 33 19 1. 80 160 
17 29~  11 5. 40 120 
25 97  35 1. 200 600 
25 

27 16 33 

32 14 .1 13~ 8  160 
44!  42 5. 1 4  15 
. . I 374 .1 2 " l  108 304 
. . I  480 .1 .., 69 205 

151 102 1. 

121 9 16 41 6 1. 

.. 
7 . . I  24 9010. .. 

29 .. ~ 24 1. 121 

.. 

.1 1001 . . 
1300  959 .01 , 4800 . . 

4.2 .. 9 10. 27 .. 
2.8 .. 1 4  10. 65 .. 
4.2 .. 21 10610. .. 
2.8 .. 28 10. 164 . , 
6.4 .. 22 10. 100 . . '  

12 . . I  40 1. ..) 167 
6.4 .., 40 25610. .. 

1. 51 

:: ~ 246 
513 

.. 468 .I .. 137 694 

. . 231 .1 . . 64 556 

.. 681 9 .. .1 340 

. . I  138 .1 . . 65  430 

. . I  640 .1 . . I  201 496 

. . ~ 450 1696  122 . . e01 
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13E 
13f 
13i 
13t 
13: 
14( 
141 
14; 
141 
144 
141 
141 
14 
14: 
14 
151 
15 
15 
15 
15 
15 
15 
16 
15 
1 6  
16  
l f  
If 
If 
1E 
1f 
1( 

POLLUTION OF BOUNDARY WATERS 
.~ ~~ 

Table XIV. 
WATERS OF THE  WESTERN  PORTION OF LAKE  ERIE 

(Continued) 

.. ..( 131 36' 60i 1. 
. . . . I  13i 321 48' 5. 

I 

* * . * I  .... .... 
.... 
.. .. .... 
.. .. 
.. .. .. *. 
.... 
.... .... .... .... .... 
.... .... 

24 .... .... 
22. ... .... 

.... .... 
Sept. 6-22. . . . .... 

" ..., 
" .... 

131 200' 400 1. 
131 180 2601 1. 
13'  32 761 5. 
13  300 600 1. 
13  480 400 1. 
13  40 53  5. 
13, 20 34, 5. 

13  83  116 1. 
13  1000 600 .1 
13 4000 1200 .1 
13 3000  3000 .1 
13 200 600 .O 
13 100 260 .1 
11 490  250 1. 
14 1580 1580 .1 
15 7200  2000 . O  
15 6000  2000 .1 
12 4000 950 . O  
11 4500 800 .O 
11 3000 1500 .O 
11 3500  960 .O 
11 2000 1500 1. 
12 3500  2500, .O 
11 3000 25001 .I 

11 161 7.5 
10 12: 10 

110 100 16 
111 90 25 
22 24 28 

114 74 118 
472 151 143 
335 321 268 

, 54 82  969 
54 53, 207 

122 70) 50 
602 380  466 

1455 397  922 
2484 537 328 
1122 314 1038 
719 174 1054 
604  282 1123 
523  149 950 
450  269 61 
663 415 971 
852 437 113ti 

8 101 5.6 

1731 1 4  . . . . 10 12000  15000 .01 
174; $ 6  . . .. 10 12000  12000 . O 1  
1751 11 .. .. i i  10 15000 8000 .O1 
1761 4 1  .. ..I 101 14000 6000 .07 

4 1  .. .. 101 9700  3000 .Ol  
286 June12-Juls23 241 . . 281 .1 

288 4' '1 241 .. 712 1. 
289 1 1  '1 24 .. 69 1. 
290 16  $ 6  

291 Junell-July23 241 24, .. .. 4000 
2001. 

.001 
292 1s 4' 24 . . 2090  .001 
293 4 1  '4 24 .. 1170  .01 
294 ( 6  '1 24 .. 980 .01 
295 1 8  4 '  24 .. 138 .1 
296 June12July23' 24 . . 360 .01 
297 11 11 I 24 .. 180 .1 

1 6  $ 6  24; .. 66 .1 

AVERAGE 
Bacterial ~ 

$ 1  
m 
?i 
" 

1370 
972 

2325 
1590 
1010 
4316 
3852 
3693 
6802 
3539 
1975 

.. 

.. .. .. .. .. .. .. .. .. .. 
. I  

1360 .1 , .. 
350 .1 . ,  

340 .1 ., 
284 .1 .. 
75 .1 . 

150 .1 . 
69 .1 , 
56 .1 . 

"- 
669 391 
835  1066 
1791 1394 
1260 180 
1190 1327 
1983  2130 
3938  2145 
1134  2350 
2701  3954 
2150  2260 
1191  1450 

35  167 
20  48 
62 41  
20  47 
21 39 

557  6812 
551  8275 
250 1742 
166 1250 
27 166 
68  793 
41 268 

165 256 
42 132 
43 102 
51 219 
18 129 
17 82 ::I ;: 

j 
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INTERNATIONAL JOINT DOMMXSSION 43 
~~ ~ 

REPORT OF INVESTIGATION RE  POLLUTION OF THE  CENTRE  AND  EASTERN  PORTION OF LAKE 
ERIE.  LABORATORY  HEADQUARTERS  AT PORT STANLEY,  ONT.,  AND'LFORT  ERIE, ON". 

FIELD  EXAMINATIONS  COVERED  THE  PERIOD MAY 26th-OCTOBER 13th. 1913. 

At Port  Stanley  the evidence  indicates that Lake 
Erie is pure  and  that where  pollution  is  picked up  in 
the neighborhood of any local  'source of contamina- 
tion it is confined to  that locality. 

This  codition i,s shown by the  almost  entire ab- 
* sence of B. Coli in  the samples  examined, even in 

75 C.C. quantities. 
Samples  collected in  the lake  along a line  from 

Point Abino to the  United  States shore about twelve 
miles above Buffalo  show the waters of the eastern 
end of Lake  Erie  to be pure,  except as they  may be 
influenced by the effect of navigation. This condi- 
tion  is  further emphasized by the  examination of 
samples taken  from  the cross-sections at  the foot of 
the  lake before its waters become the  Niagara River. 
It was found during  the period of investigation that 
polIution from Buffalo and  other sources  extended 
but  a  short  distance beyond the breakwaters, and  that 

t7 48 
" 

i9  - 
F I G  19. 

the  water  from  there across the boundary  almost 
to  the  Canadian shore  is  relatively  pure,  except as 
directly  influenced by navigation. 

Figure 19.-Niagara River opposlte Fort Erie, Ont. 
48, 49, and 60. Maximum pollution  shown is 20 €3. Coli 
Daily variation in B. Coli flndings. Sampling  points 47 

per 100 C.C. of water. 

Table XV. 
WATERS OF THE  CENTRAL  AND  EASTERN  END OF 

LAKE  ERIE 

- 
100-110 
111-119 

Oct.  6-13 , . , , 

Oct. 6-13 . . . . 137-141 
Oct. 6-14 . . . . 132-134 

6 1  .. . . 120-131 
1 6  . . . . 

142-147 

May 26-Jun. l i  1 
,, . . . . 148-153 
,, . . . . 

2 '6 

3 " 

4 " 

5 " 

7 " 

8 1' 

9 " 

10 " 

11 " 

12 " 

13 11 

1 4  '1 

15 4' 

16 1' 

6 I I  

MAXIMUM 
Bacterial 

t l ' a  "6 r 
2 %: CC. on Agar q 
5 a .E Ovunts  per 
+ 

"~ ~ 

P 
El 9 ;  9 i sgt & 2 
N 

A m  f , +  riot 

44 4 

1. 58 516 15 
1. 1 4  244 15 
5. 34 116 15 
5. 46 25 15 

25. 16 22 15 
25. 20 2% 15 
5. 44 15 15 

50. 32 10 15 
50. 25 540 1 4  
0. 57 8 1 4  
0. 19 29 15 

50. 12 9 1 4  
0. 25 20 1 4  

4550.  192 1 4  
25. 48 18 15 

. O  17 24 1 4  
9000. 8 24 
1300. 8 24 
600. 5 20 

.1 380 6800 18 
50. 18 450 48 

625. 17 36 
625. 

"- .L. " 

AVERAQE" 

Younts P P T  
Bacterial 

4 
I. k-z 2 C. onAguv 

sj $9 3 
N 5: g 
0 9 QoT 
2 CljZLf ," 

N 

"- 
1 

" 0 .2  2 11 
0.8  1 2 
0 . 4  1 

932  96 207 ."' 
1 1 

5 
0 . 0  5 1 
0.0 1 1 
0.0 

0-G 9 5 
0 . 0  3 

23 8 0.1 
3 4 0.0  
2 4 0.1 
4 5 0 . 0  
2 7 0 . 0  

37 3 0.1 
2  6 0.2 
3 8 1 . 4  
5 5 0.8 
5  5 0.2 
4 8 2.4 

12 7 3.4 
24 

16.0 10 54 
9.7 6 



REPORT  OF  INVESTIGATION RE  POLLUTION  OF NIAGARA RIVER? LABORATORY HEADQUARTERS 
AT  BUFFALO, N.Y., AND  FORT  ERIE,  ONT.  FIELD  EXAMINATIONS  COVERED 

THE  PERIOD MAY 12th-JULY 29th, 1913. 

The examination of samples  taken  from  the first 
cross-section of the  Upper  Niagara  River showed 

5ox relatively  pure  water on the  Cana- 
dian .side and  the  beginning of 
noticeable  pollution  from  Buffalo 
Harbor. From the  next cross-sec- 
tion to the one below Squaw  Island 
the  pollution,  though  greatly in- 

2 27 3" creased in  quantity on the  United 
FIG 20. States  side, was held  to  that 
l 

Showing vertical  stratification of pollution. Sampling 
Figure 20.-Niagara River opposite Fort Erie. Ont. 

points 60% SOT SOU, 60V. and SOX. Irregular line at top 
of maximum ihdicates gross pollution in  excess of 100 
B. Coli  per 100 C.C. of water. 

shorn. The pollution on the  Canadian  side, 
though of less  extent, was likewise  confined to 
its shore. This  phenomenon  is  due  to  the immense 
volume and  the  great velocity of the river,  and  the 
depth of the  outlets of the Buffalo sewers. After 
passing  Strawberry Idand  the pollution  tended  to 
extend  across  the  entire  Tonawanda  Channel,  and 
from  Rattlesnake  Island  to  the  point where it again 
joins  the  main  river  the whole channel was shown to 
he grossly  polluted. The use of this water  as  a  pub- 
lic  supply, even with the  stringent  purification,  is 
attended  with  considerable  risk. 

Table XVI. 
WATERS OF LAKE ERIE, BUFFALO HARBOR  AND THE 

NIAGARA RIVER 

-" I" .- 
25 925. 
30 32 25. 

176 12 1. 
104 28 1. 
102 180 1. 
520 60 5. 
348 34 5. 
670 520 1. 

160 75 1. 
960 56 1. 
144 215 5. 
134 24 25. 

18  90 5. 

84 78 1. 

AVERAGE 

Counts per 
Bacterial 

: C .  on Agar. 
" 

I. P.2 
" 0  m 

9 
80" $ 0 

$? zi 

O2 m2:s z 2 

m m 

-" 
6 

9.6 10 73 
8.2 11 65 

18 19 25 
9.6 7 18 
8.8 4 28 
1.0 6 6 
1.9 3 

193 66 27 
24 19 15 
26 1 4  16 
82 17 

34 22 
9.3 

0.5 6 18 
1.3 

"- 
31 

6 '  34 
" 33 
' 6  32 

May26-June1 

1' 48 
6 '  47 
11 46 
' 6  42 
I' 41 
( 1  40 
$ 6  39 
1; 38 
" 37 
6 '  36 
' 1  35 

' 49 66 

50 ' 1  

50 s June 14-18 . 
50" $1  

50U 1' 

50 V ' 6  

50X 11 

51 May  26-Jun. 1 
52 
53 
54 

201-206 
206s 

June 13-17 . 

May 26-Jun. 1: 211a212 
June 13-17 . 207-211 
May  26-Jun. 1: 

213-217 June 14-18 . 
225-229 6 '  

202a 

218-224 4 '  

A117 

119 
' 6  " 118 

Mayl7-June2f 117 
June 5-21.. . , 

127 
1 6  ( c  126 
6 6  125 
4' 1' 124 
6' t c  123 , 

' 6  122 
6 '   $ 6  121 
" " 120 
6 '   1 6  119A 
" 

51 141 1.6 

Table XV1.-continued. 

~ 

MAXIMUM 

15  12 34 50. 
15 268 6 50. 
15 24 12  50. 
15  19 48 50. 
15 7 1 4  50. 
15 8 27 50. 
15 69 41 1. 
15 44 23 5. 
15 20  90 25. 
15 28  62 5. 
15 27 57 1. 
15 58 160 1,. 
15 37 24 25. 
15  31 1 4  50. 
15  19  183 25. 
15 256  24 5. 
15 336  22 5. 

4 73 1025 
4 48  24  25 
4 140 96  5 
4 620  300 10 
4 20000  4400 -01 

15 2300 1400 1 
15 100 42 50 
15 20  25 5 
15 3000 4360 .OO 
24 3000 20000 1 
15 3220  300 1 
20 2560  8400 1 
34  2000  2000 1 

20 7000  5000 . O 1  
18 5000  5000 .01 
20 1500  1000 1 
16 .. 1520 .1 
30 .. 322 1. 
30 .. 161 .1 
30 .. 1610. 
29 .. 28 0. 
!8 .. 13 0. 
!8 .. 1410. 
11 .. 1540 .1 
10 .. 254 1. 
10 . . 117 10. 
10 . . 19  10. 
10 .. 10 0. 
<O .. 1310. 

AVERAffE 
Bacterial 
Counts per a 
20. on AKar. 2 

l.4 k-.; 

Z V >  

r( z ad& 

"- __ 

9 
y g z  9 0 

$F: zi 
N 
N -0  m 

m "- 
4 

3 44 
0-4 6 

3.6 9  6 
2.4 10 5 
1.3 12 5 
1.8 6  9 
7.3 8 8 
0.4 7 4 
0.5 5 2 
0.2 7 6 
0.2 3  8 
0.5 

16 20 10 
10 6 0.9 
7 4 0.4 
6 19  1.0 

24 6 2.6 
48 8 

6 61 84 
1.5 13 24 
2.5 8 39 
2.9 

5470 1303 3025 
310 2.5 214 

173 

2.6 6 6 
0.9 6 13 
8.2 134 

1435 

23 149 172 
20 1059  733 
24 77 390 
20 1007 661 

12334 741 

1275 1788 660 
1356 1894 558 
620  262 33 . . 494 283 
. . 52 27 
.. 15 45 
.. 4 0.6 
.. 

0.6 4 .. 
0.0 3 .. 
0.3 4 .. 
2 1 4  .. 49 58 . . 

439 435 . . 0.3 3 .. 
0.0 4 .. 0.0 5 
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Examination of samples  collected in cross-sections 
in  the Chippewa  Channel (International Boundary 
Channel) shows that  the pollution,  while  definite in 
character,  is  not so great in degree  as  that in the 
Tonawanda  Channel.  The  pollution sometimes 
found  in  the  Chip- 64 

pewa Channel  cannot 
be fully  accounted  for U "- - 
by the  drainage of 
Fort  Erie  and  Bri,dgeburg. It is probable that  a 
portion of the Buffalo sewage at  times  reaches this 
channel. 

The  examination of samples  taken  from  cross- 
section below Buckhorn  and Navy Islands showed 
undiminished  pollution  on  the  United  States  side. 
On the  Canadian side, the  water,  though  less  pol- 
luted, was still  dangerous  and  should  not be used 
without  the  most  careful  treatment;  otherwise  its 
use is  liable to  give  rise  to  periodic  epidemics of intes- 
tinal diseases. 

The  results  from  the  examination of samples col- 
lected  in  the Gorge just below the two Falls demon- 
strated  that  the  pollution  coming over is  more  uni- 
formly  distr2buted.  There  is  a  popular  impression 
that  the action of the  Falls  tends  to  purify sewage. 
It simply  mixes i t  more  thoroughly  with  the water; 
it does not remove it  or its  danger.  The  pollution 
below the  Falls is gross. 

b3 66 

FIG 21. 

variation in B. Coli  flndings. Intermittent  pollution very 
Figure 21.-Niagara River, Chippewa  Channel. Daily 

slight  in  sampling  points 66 and 66. Maximum pollution 
shown at sampling  point 66 is 20 B. Coli  per 100 C.C. of 
water.  Contrast this slight pollution  found  in  May  and 

same  channel  in  JuIy  shown  on  investigation  chart,  Plate 
June  with  the  average  serious  pollution  found in the  
No. 17. 

Table XVII. 
WATERS OF THE NIAGARA RIVER 

M d  

a- 

mPI 
8, .: 

L_ 

55 

57 
58 
59 
60 
61 
62 
63 

55M 
55N 
550 
55P 
55R 
63A 
63B 
63C 
63D 
63E 
63F 
63G 
63H 
63 I 
63K 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
84 
78 
79 
80 
81 
82 
83 

56 

DATE. 

" 

une14-18.. ., 
.... 
.... 
.. . 
... ( 
.. . 
.. . 
.. . 
.. . 
.. . 
.. . 
.. . 
.. . 
,. . 
.. . 
... 
.. . 
.. . 
.. . 
.... 
.... 
.... 
.... 
... I 

4ay30-Junelf 
" I' 

I' I' 

' I  '1 

" I' 

" I' 

" " 

" " 

" " 

I' I' 

Iay30-Junell 
' I  I' 

11 I' 

MAXIMUM 

Counts per 5e.z Bacterial d 
CC. on Agar s %  o 

El'$ ulv. w 

" " ~-___ 

1 9 
y + G o b  
& 
+ FdZ3 

' N 
I d  9 =,.s .v  

m d o  
4c 
""" 

15 26  28 25. 
15 28 2625. 
15 34  22 25. 
15 312  52 50. 
15 24 28 25. 
16 3000 600 .01 
15 8240  2400 .001 
15 8800  4960 .001 
15 7880, GOO0 .001 

4 150 640  25. 
4 400  252  25. 
4 102 208 25. 
4 35  496  25. 
4 300  66 25. 
4 66 26 5. 
4 2400 1016 1. 
4 450  430 .I 
4 5200 1800 .01 
4 8000 6000 .01 
4 80  420 25. 
4 428  984 5. 
4 3620 1060 .01 
4 24000 1000 .01 
4 20000  1280 .01 

13 57 376.  5. 
12 1 4  130 25. 
12 44 22 25. 
12 24  470 50. 
12  12 11 50. 
12 180 240 5. 
12 32 40 5. 
12 40 28 1. 
12 66 11 1. 
12 64 20 1. 
12 420  56 1. 
12 1240 354 .1 
13 8000  7000 .01 
13 7760  8360 .001 
11 7000  3800 .001 
10 800  1130 .1 
10 2200 162 .1 
10 1560  356 .1 
10 1000 130 .1 
10 500  74 1. 
10 $800  1760 .1 

AVERAGE 
Bacterial 
3ounts per 

"" 

10 7 1.7 
9 7 1.7 

11 5 1.2 
28 10 0.4 
8  8 1.2 

66 169 3866 
3092 1132  51400 
3369 1418 50800 
3075  1416  36934 

73 268 3.0 
146 77 2.5 
51 93 1.5 
23 142 2.0 
94 30 3.0 
39 16 8 

623 344 37 
265 260 501 

3706  780  5275 
6093  3066  5500 

42 153 4 
145 338 11 

1770  746  2775 
2653  656  7525 
4453 1093 5275 

21 44 6 .4  
7 1 4  1.1 

10 7 0.6 
8 47 0.9 
6 5 . 0 . 8  

30 24 2.9 
12 8 4.1 
17 7 11 
17 5 13 
35 7 14 

162 19  32 
604 125 284 

2175  822  2861 
2796 1671 27154 
3678  824  22027 
440  222 1630 
508  68 134 
390  65  261 
332 61 242 
183 44 55 

1415 463 1450 
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REPORT OF INVESTIGATION  RE  POLLUTION OF LOWER NIAGARA RIVER AND  WESTERN  END OF 

YOUNGSTOWN, N.Y. FIELD  EXAMINATIONS  COVERED  THE  PERIOD 
MAY 28th-AUGUST 21st, 1913. 

LAKE ONTARIO. LABORATORY  HEADQUARTERS  AT  NIAGARA-ON-THE-LAKE,  ONT.,  AND 

Before arriving  at Lewiston the  river passes over 
the  Niagara  Falls  and  through  the  Great Gorge. The 
mixing of the sewage effected by the  Falls  and  Rapids 
with  the  river  water is probably the most com- 

_ _  *" plete possible. The isamples 
55 

UI u examined showed that  from 
this  point t o  the  mouth of the 
river  the  water was uniformly 
polluted from shore to shore, 
and emphasized the  fact  that 
the use of water  ffom  this sec- 
tion of the  river as  a Dublic 

FIG 22 L 

water supply without  the most 
careful  and  exacting  pur3cation should not be con- 
sidered. 

effect of the  Falls  and  Rapids  in distributlng a gross pol- 
Figure 22.-Niagara River at Lewiston,  showing  the 

lution uniformly throughout  the cross-section.  Maximum 
with  irregular  line  at top  indicates  pollution in excess of 
67. 68, 69. 
1,000 B. Coli per 100 C.C. of water. Sam'pling points 5 5 ,  66, 

TABLE XVIII 

WATERS OF THE  LOWER NIAGARA RIVER  AND  THE 
WESTERN  END OF LAKE ONTARIO 

"- 

DATE. 
.!? 2 
M d  

a% 
c 

i '6 
ms 

" - 
15 450' 750 
15 20001 2000 
15 1000, 1300 
15 1500  650 
15 1800  890 
15 1200  900 
16 2000 380 
15 30001 1300 
15 4000 1200 
15 40001  500 
15 3000 1200 
15 4000 900 
15 700  440 
15 3000  420 

I" - 
.01 
.01 
. 01 
. 01 
. O l  
. O l  
.1 
.1 
.01' 
. 01 
.1 
.1 
.01 
.1 
.1 . 01 

.1 i 

.011 

"" 

311  171  1293 
550  352 1413 
400 245  2493 
390 184 2560 
563 246  2380 
365  223  1960 
260  58 185 
275 146  106 
396 108 773 
742  64  906 
567 121 628 
678 138 620 
303 85 1174 
623  92 629 
456 71 449 
196 34 1036 
612  42 1036 
235 31 305 

Table XVII1.-Continued. 
WATERS OF THE  LOWER NIAGARA RIVER AND  THE 

WESTERN  END OF LAKE ONTARIO-Continued. 

DATE. 

27 May 30-Jun.1: 
28 
29' 
301 
31, 
321 
33: " 

35~  " 

341 " 

361 
371 6 '  

381 a s  

40 $ 6  

41 I' 

42 I' 

43 

47 
' I  46 
" 45 
'I 44 
'I 

9 ,  54 
I ,  53 
,, 52 
'6 51 
I' 50 
'I 49 
6 1  48 
I' 

39i " 

55 

11 59 
'1 .... 58 
'8 .... 57 
,, .... 56 

June 5-14 . . . . 

I 

MAXIMUM 
" . 

" " " - 
15 5001 200 .1 
15 6501 600 .1 

15 2001 30 1. 
15 200 800 .1 
15 2501 1500 .1 

15  150 1800 .1 
15 240 40 1. 
15 230 54 

1. 100 200 15 
1. 

1. 110 160 15 

15 200 20 1. 
15 50 70 5. 

15 200 130 1. 
15 160 60 1. 
15 250 600 1. 
15 300 720 1. 
15 1. 33 80 

15 100 35 1. 
15 60 180 1. 
15 150 64 5 .  
1 4  100 21 1. 
14 150 30 1. 
1 4  200 12 

1. 20 100 1 4  
1. .. 60 1 4  
1. 4 160 1 4  
1. 30  60 1 4  
1. 40  80 1 4  
1. 20 80 1 4  
1. 30 50 1 4  
1. 30 100 1 4  
1. 

15 2008 300 a 1  

15 400 1500 *1 

15 1- 40 120 

1%. tl .  100 300 

15 1. 26 100 

8 *1 1600 1000 
8 

.1 320 1500 8 

.01 300  1280 8 

.01 300  3000 

8 -01 350  3000 

"- 
102 46 314 
130 77 160 
40 35 233 
34 8 52 
28 74 102 
39 145 184 

' 44 140  163 
31 231 147 
43 10 28 
91 17 63 
85 22 34 
GO 

7.3 3 15 
16 7 22 
22 8 17 
30 71 75 
26 60 64 
20 15 28 
35 19 51 
31  13 72 

8.5 9 18 
11 4 29 
10 7 25 
36 20 

8 19 8.6 
15 11 3.0 
10 6 8.ti 
16 7 7.1 
16  2 7.2 
12 5 7.4 
6  6 7.4 
9  3 7.4 

10 7  7.5 
9 7 9.0 

22 2  10.0 
10 3 13 
20 6 29 

502  291  315 
896 91 3025 
482 125 3025 

532 183 787 
1183 2912  215 



48 POLLUTlON OF BOUNDARY WATERS 

The  conditions  found at  the  mouth of the  Niagara 
River  differ from those  found at  the  mouth of the WATERS OF THE 
Detroit  River. At  the  mouth of the  Detroit  River I 

WESTERN EK 
L( 
ID - 

the  discharge  is  into  an enclosed  end of the lake, 
where i t  is  lagooned and  drifted  from  point to 
point for a  considerable time before it can  get  into 
the  lake  itself.  At  the  mouth of the  Niagara,  the 
pollution  is  being  discharged  into  a  portion of the 
lake  where  conditions are such that  the  drift may 
take  place north, east or west. Several  limits of 
this  polluted  area were determined  with  a  consider- 
able  degree of accuracy. A  striking phenomenon 
exhibited was that very little  diminution  in  pollution 
occurred until  the  limiting  boundaries of the  area 
were reached. For example, if at  the  mouth of the 
river  pollution was such a s  would show 1,000 B. Coli 
per 100 c.c., the  pollution  ten miles from shore, wind 
conditions  being  favorable  to put it there, would 
show practically  the  same  degree of pollution. 

The menace in  this area  is  almost  entirely directed 
at  the present  time  towards  navigation between Buf- 
falo  and  Toronto.  Further samples  taken from  the 
passenger  boats  along  cross-sections from  Niagara- 
on-the-Lake and  other  lake  points  in  this vicinity 
to  Toronto corroborated the observation that  this pol- 
luted  area extended as  far  as ten, twelve and even 
sixteen  miles  on  occasion. It is  reasonable to suppose 
that more favoring  conditions  than those  occurring 
in  the  limited period of our observation would drift 
the  pollution farther out. 

At  the present  time  the boats carrying passengers 
back and  forward across this  route have  insufficient 
tankage  to  provide  their  patrons  with  safe  water 
during  the  entire  journey.  They  replenish en route, 
often  from  polluted areas. The  many samples col- 
lected from  their  drinking-water  taps showed on sev- 
eral occasions dangerous  pollution. 

”- 

154 
‘4 ..  .. 155 

Aug. 1-9 . . . . 
156 

,, . . .. 157 
,, .. . .  

158 
159 

< I  .. .. 

‘ I  . . . 162 
( 6  .. . 161 
6‘ .. . .  160 
‘4 .. . , 

163 Aug. 1-14 . . . 
164 

6‘ .. . 165 
6‘ . . . 

166 Aug. 4-14 . . . 
167 

Aug. 11-21 , 206 
Aug. 4-21. . . . 169 
Aug. 4-14 . . . 168 
Aug.  4-21 . . . 

.216 ,, 
226 
236Aug. 15-18 . 

AUg. 15-21 . 

Aug. 4-14 . , . 171 
Aug.  4-21 . . . 170 

’ 172  Aug.  4-21 . , . 
173 Aug. 4-14 . . . 
174 A u ~ .  4-21 . , . 
207 Aug. 15-21 . 
217 

Aug. 5-14 . . . 175 
Aug. 18-21 . 

Aug. 15-21 I 209 
Aug. 5-18 . , , 179 
Aug.  5-21 . , . 178 
Aug. 5-18 . , . 177 
Aug.  5-21 . , . 176 

219 

Aug. 5-21 . . 181 

Aug. 21.. . . I 
180 Aug. 5-14 . . 
182 

A~g.12-21.. 208 
Aug. 5-14 . , 184 
Aug.  5-21 . . 183 
Aug. 5-14 . , 

h 

D 

i 
E 

.-  

, I  

Table XIX. 
IWER NIAGARA RIVER AND  THE. 

OF LAKG ONTARIO-Continued. 

1 MAXIMUM I AVERAQE 

.. 
* .  
.. .. 
.. 
.. 

218 Aug.15-21.. . . .. 
228)Aug. 21.. . . . .I 

7 
7 
7 
7 
7 
7 
6 
7 
7 

11 
11 
11 
10 
14  
10 
14 
8 
9 
5 
3 

15 
8 

12 
8 

11 
4 
1 
7 

11 
10 
10 
9 
4 
1 
8 

12 
8 

11 
7 

I 7  

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

. I  

” - 
5170 .01 
1150 .01 
5700 .01 
5960 .01 
L300 .01 
1170 .01 
5840 .001 
5820 .001 
1800 .01 
2140 .01 
5810 .001 
4100 .001 
2620 ,001 
3020 .001 
3490 .01 
2280 .003 
3970 .01 
3790 .1 
210 10. 
120 0. 

3400 .01 
3040 .001 
1870 .01 
910 .01 

1690 .1 
340 I. 
130 1. 

1660 .1 
1920 .1 
2470 .1 
3780 .1 
1960 1. 
250 1. 
210 10. 

1960 .01 
5470 .1 
840 .1 
830 .1 
350 .1 

4600 .1 
1030 .1 
120 10. 

- 
9 
N 
N 

0 

rl 
m - 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
. ,  
.. 
.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

” ” 

4030 6142 
3160  6142 
3580 3571 
3640 6142 
3150 7428 
2800  4857 
4210 18857 
4510 17714 
3820  6142 
1710 4827 
2870 24000’ 
2800 13190 
1870  15727 
1660 11071 
1890 6400 
1330 9228 
2220 1650 
1110 356, 

9 2  
7 0  

2020 6400 
2190 15622 
740 1350 
350  1762. 
420 201 
210 55 
130 40. 
980 586 
870  236 
780  420. 

1080 241 
350 33 
140 52 
210 10 

1080 4250 
1060 380 
620 310 
380 250 
180 227 

1280 445 
530  277 
70  5 
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lNTERNATIONAL J O I N T  CSOMMISSION 49. 

REPORT OF INVESTIGATION  RE  POLLUTION OF THE  EASTERN  END OF LAKE ONTARIO AND ST. 
LAWRENCE  RIVER. LABORATORY HEADQUARTERS AT KINGSTON,  ONT.,  CLAYTON,  N.Y., 

AND MONTREAL,  QUEBEC.  FIELD EXAMINATIONS COVERED  THE  PERIOD 
APRIL  15th"SEPTEMBER 3rd, 1913. 

The work at  the lower end of Lake  Ontario  and 
on the St. Lawrence River was performed a t  two 
distinctly  different seasons by different laboratories. 

The work done early  in  the season before naviga- 
tion commenced showed Lake  Ontario  water  practi- 
cally sterile ; the work 
done later, in August, -- -".- - - 
showed minor pollution loJ 2(H 

in  the lake. The  dif- - - - "+- 

ference in  the  findings 
emphasizes the effect of boat traffic and  summer resi- 
dents' pollution. 

Examination of samples taken below Icingston a t  

195 196 197 198 

106 

FIG 23. 

- 
Enapp's  Point showed 
considerable pollution. 111 231 _I 
The samples taken  from 
the vicinity of SherifE's 

232 533 2.w 

Point lafter the  water  had FIG 24:. 
come down the  Bateau Channel, showed but  slight 
decrease of the  pollution. 

Daily  variation  in B. Coli  flndings, showing  almost entire 
Figure 23.-Lake Ontario,  head of St.  Lawrence River. 

absence of pollution  in  April  and May. Sampling  points 
195. 196, 197, 198, 203, 204, 205, and 206. Maximum  pollu- 
tion  shown  is 2 B. Coli per 100 C.C. of water. 

Figure 24.-St. Lawrence  River  below  Kingston, Ont., 
a t  Knapp's  Point.  Daily  variation  in B. Coli flndings, 
showing  effect of Kingston  sewage  April 15 to  May 17, 
1913. Sampling  points, 231,  232,  233, and 234. Maximum 
pollution  shown  is 100 B. Coli per 100 C.C. of water. 

"" 

71 

7: 
10. 98 .. 13 6 1  ' 6  7G 

.. 4810. .. 13 6 '  75 
10. 58 .. 13 RUB. 9-Sept. 3 

1. 248 . . 17 11 $1  93 
10. 302 .. 17 ( 6  $6 92 

.. 1. 228 .. 17 1 6  8 6  91 
10. 272 . . 17 $ 6  1 6  90 
10. 212 . . 17 (1  $6 89 

.. 10. 392 . . 17 66  1' 88 

.. .1 528 .. 17 $ 6  1 1  87 
1. 299 .. 17 ( 6   $ 6  8ti 

10. 92 .. 13 I' 11 85 
10410. .. 13 1 6  6 1  84 

10. 76 .. 13 $1  ( 6  83 
5410. .. 13 ( 6  ' 5  82 
3910. .. 13 (1  '( 81 

10. 71 .. 13 '1 6 '  80 
10. 93 .. 13 .( " 79 
10. 71 .. 13 I* I *  78 

.. 7710. .. 13 6' 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
*. 
.. 

195 

9 11050. 29 15 $ 6  4 1  218 
8 50. 140 15 15 1. 4 1  217 

22 5.  160 47 15 11 8 '  216A 
22 3625. 58 15 $1 8 1  216 
35 25. 130 250 15 11 $1  215 
32 5025. 220 16 16 '1  214 
34 5. 74 120 16 1 6  1 1  213 
31 5. 140 58 15 6 1  212 
34 5. 34 73 15 Apr. 16-May 4 211 
8 1850. 42 15 61  11 210 

16 1050. 130 14 1s 11 209 
12 4050. 76 15 6' 6 1  208 
12 1050. 50 15 hpr.15-Mayl7 207 
19 0. 24 155 15 $1  11 206 
10 0. 40 21 15 6' '1 205 
7 0.  60 26 15 1' 61 204 
5 0. 45  24 15 11 1' 203 
4 0. 1 4  10 15 '6 $ 8  202 
4 0. 10 18 15 11 $ 6  201 
5 0.  9  21 15 $ 6  6 1  200 
7 0. 1 4  24 15 6' 6' 199 
9 0. 100 27 16 I' 1 1 -  198 
7 0. 180 28 16 $ 6  '6 197 

16 0. 34 110 16 '6 11 196 
16 50. 90  42 16 Apr.15-Mayl5 

" " 

20 
13 

1.5 

16 
0.7 25 
1.5 

4.7 36 
3.5 42 

66 60 
20 39 
2.3 11 
1.5, 20 
3.0 21 
1.5 1 4  
1.5 12 
2.3 17 
1.5 19 
0.7 19 
1.5 

31 lor 
39 2.9 
32 5.8. 
27 0.7 
9 0  

28 0 
18 0 
5 0  
3 0  
6 0  

11 0 
9 0  

1 4  0 
9 0  

10 ' 0 
4 0 . 2  
9 1  
3' 0.2 
8 0.2 

11 -- 4.2 
29 . 4.4 
21 4.8 
12 3.6 
20 1.8 
14 1.3. 
35 2.8 
19 0.9' 
16 0.6 

38 3.5, 



50 POLLUTION OB' BOUNDARY  WATERS 
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FIG 25. 

The resuIts of the  August  investigation showed 
that  conditions were considerably worse than those 
obtained  in  April, especially at  the  sample  points 
below Wolfe Island. Much of the  intermittency of 
pollution  occurring  during  the  April  investigation  in 
this  stretch  may be fully accounted for by the peri- 
odical discharge of Cataraqui  Bay  at  Eingston.  This 
bay is grossly polluted  and  its  contents  are discharged 
into  the  St. Lawrence  River with  certain  wind con- 
ditions. 

While examination below Wolfe Island  among  the 
Thousand  Islands  did  not show an average  gross 
pollution, its  intermittent  character  presents a men- 
ace to  the  summer  residents  in  this section who take 
their  supply of water  from  the  river  without purifica- 
tion. 

Examinations  made  in  the  vicinity of Brockville 
showed that  the  shore samples collected frolm the 
cross-section above Brockville carried considerable 
pollution. Toward mid-'stream,  where dilution  and 
mixing  had  taken place, the samples showed constant 
pollution of lesser degree. Below Brockville the 
major  pollution  remains  near  the  banks of the river. 
Samples collected in  mid-stream showed very little 
pollution in  the  early work before navigation opened. 
"ll'hc later work in August showed a very general 
serious pollution,  due probably to  summer  resort 
population  and  to  boat traffic. The  condition of the 
river between Brockville" and  Cornwall  is very bad 
in  the  summer  months,  as evidenced by mid-stream 
samples Nos. 266-273. 

Unquestionably, the  water  from  this  portion of the 
St. Lawrence  River should not be used as a water 
supply  without  adequate  purification. 

Figure  26.-St. Lawrence  River,   among  the  Thouaand 
Islands.   Daily  variat ion in B. Coli findings.   showing  inter- 
mittent   serious  pol lut ion.   Sampling points 219, 220. 221, 

t ion  shown is 100 B. Coli per 100  C.C. of water. 
222, 224.  226. 226,  227,  228,  229,  and  230. Maximum  pollu- 

M O  
.9 2 s+ 
$n 
a .% 
" - 

9 
9 
9 
9 
9 
9 

10  
10 
10 
10 
10 
10  
21 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 

Table XXI. 
WATERS OF THE  ST.  LAWRENCE RIVER 

DATE. 

Lug. 7-30. . . 
" ... 
1 s  ... 
'1 ... 
6' ... 
" ... 
( 6  ... 

... 
( 6  ... 
6 s  ... 
1 s  ... 
$ 6  ... 

hpr. 19-May 1 

Apr. 15-May I 

1 MAXIMUM 
Bacterial 

2 $ 2  CC. on Agar 4 

Q E 5a.s Oountsper 

P "6 e a ' =  
"u.5  

3 2 f NE% 

N .v 
N i 6;: 9 1 

"" 

15 
15 

1. 385 . . 

50. 120 35. 13 
25. 100 35 1 4  
1. 460 44 15 
1. 200 85 15 
1. 44 71 15 
1. 500 66 15 
1. 120 26 15 

25. 90 110 13 
50. 100 150 15 

1050. 70 15 
25. 300 75 15 
25. 450  45 15 
5. 540 78 15 
5. 700 180 15 
1. 38 75 15 
5. 200 106 16 
1. 20 84 15 
1. 50 102 15 
.1 62 .. 15 
.1 140 .. 15 

1. 161 .. 15 
1. 210 .. 15 
1. 211 .. 15 
1. 202 .. 15 
1. 258 .. 15 

10. 282 .. 15 
1. 321 .. 15 

10. 272 .. 15 
1. 392 . . 

- 
9 
N 
N 
0 

7 l  
m - 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
4: 
42 
4:: 
31 
3i 
2f 
24 
2E 
l i  
l i  
21 
1( 
31 
31 
21 
l! 
It 
1t 

.. 

I 

" 

76 

23 1 4  
87 19 
92 34 
30 38 
19 49 
10 43 
29 51 
17 56 
7.3 55 

24 68 
7.3 65 

24 70 
44 

8 17 
32 5.8 
13 10.0 
81 4.0 
45 4.0 
41 1 .3  
30 0.8 
4 0 .5  

19 0.5 
23 1 . 2  
52 11 
54 39 
11 35 
26 11 
70 9.4 
25 1.7 
24 0.6 

. 
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Table XXII . 
WATERS OF T H E  ST . LAWRENCE  RIVER 

1 I May 5-8 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
14 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 

.... 

.... 

..... 

.... 

. * * * I  
' 4  40 

.... 1 4  22 

..... 4 41 

..... 3  25 

.... ' 41 20 

.... 3j 40 

.... i 4;  34 

.... I 3; 20 

. . . .  1 41 32 

.... I 41 45 

. . . .  ' 4j 33 

1 4, 

. . ... 4 13 

28 

100 
:::: :I 20 
. . . .  
. . . . .  3'  70 

' 4 12 
..... 3 26 
.... i 4 17 

. . . .  

80125 . 
370 50 . 
90  50 . 
10i50 . 
40150 . 
10.50 . 
101 0 . 
6'25 . 

30 50 . 
200 50 . 
18 1 . 
30 25 . 
14 25 . 
50 25 . 
30  50 . 
10.50 . 
8 50 . 

130  50 . 
.. 50 . 
12 25 . 

..... 3  34 5 2 5  . 

..... ' '4 4 d  401 1 . 
Rrockville 1 4' 80 

27 
28 May 9.16 1 4 28 

$ 1  .. . . ,  32 
29 . . . .  .., 41 18 
30 $ 8  . . . . .  4' 16 
31 

38 .. ...., 4 32 
12 . . . . . .  : 4 

Tap .... 

33 1200 " ..... 4 
35 I' .... i 4  35 
36 

$ 6  .... 22 42 

30 . . . . . .  ' 4 40 
30 .' .... I 4 39 

. . . . . .  41 30 
37 

24 . . . . . .  i 4 38 
. . . . . .  I 4 24 

41 
.... i ti 44 

501 5 . 
231 1 . 
40.  5 . 
25' 

62 
5 . 10 
5 . 

50 . 30 
25 . 

150 1 . 
300 1 . 
280 5 . 
28 5 . 
40' 5 . 
25 25 . 
20 25 . 

130 5 . 
160 5 . 

AVERAQE 

" 1-1"- 

:i~ 501 6.5 
20 20' 6 
111 43  1.5 
20 1531 0.5 
1 7 ~  411 2.0 
25'  1.5 
11~ 28' 0.5 
16 7~ 0.6 
15 1 0 ~  0 
32 5 2 

26' 38 ' 

2.0 
1.0 

39 
111 1:~ 0.5 

0.6 

201 . . I  0.6 
131 43  2.5  it^ 191 55.0 

4~ 1.3 

40 20i 6.0 

12 . 6: 7.5 
8 '  18' 2.5 

1 7 ~  181 
2.0 

250. 39; 29 
201 831 35 

Table XXII . 
WATERS OF T H E  ST . LAWRENCE RIVER-Continued . 

DATE . 

1 1 MAXIMUM 

481 . 
49 I ,  

50 
'I 5 1  
.. 

581 8 '  

I' 57 
56 

I' 55 
" 54 
.. 53 
.. 52 

GO $ 6  

59, . . .  

61  
62 

64 
65 

67 
68 
69 '. 

63 6 '  

66 ' z  

"I 

.... 
. . . . . .  
. . . . . .  
. . . . . . .  
. . . . . .  .... 

.... 
.. 

" . 
4 32 

4 17 
4  24 

4 660 
4  440 
5  44 

4 22 

5  35 120 1 . 
360 1 . 

.... 5 
1225 . 54 .... I 5 

25 . 10 38 

..... 5 

34 1 . 44 ..... 4 
1 . 20 84 .... I 5 

. 12025 48 
.... : 5 5 . GO 30 
. . . . .  5 5 . 230  38 
.... 5 

42 35, 1 . 

1 . 30 40 

.... 

.... 

.... 

..... 

. . . . .  4 

20,25 . 24 .... 4 

3425 . 15 
.... 4 

9025 . 42 .... I 4 

8 2 5  . 11 

.... 1 4 

41: 1 . 120 .... I 4 
5 . GO 114 4 

4050 . 68 .... ' 4 
24.25 . 14 

I . . . .  
... 4 511 1 . 130 

.... ' 4 
ZOO/ 1: 

160 
. . . . .  4 130 1 150 

1.27 .... GO 
. . . . . .  GO. 

269 GO 

271 GO . . . . . .  
272 . . . . . .  GO 

. . . . . .  

. . . . . .  
60 

. . . . . .  GO 

273 GO . . . . . .  

. 
I 

141 7 

161 11~ 2.0 
15'  10; 3.5 

201 69; 7.5 
161 441 11 . .  I 1 

24 

.. 
2300 . 1 . . 14125 . 

600; . 1 . . 
230~ . 1 

1 AVERAQE 
Bacterial 

Counts  per i 
CC . on Agar . 1 2 

I &I h$ 
gQ s 

N ou a 
9 
cu 1 - d m  

"" 

3 

1 9 3  ;,r 
1 5   5 4 ~  2.5 
10  41  3.0 
14 521 7 . 5  
25 31'  35 

292 1231 80 
216 588 80 
30 111 25 
17 
18 

5,  2.8 
61 2.4 

16 

21 131 36 

23 
9' 36 10 

211 56 

31  

20 

23 
14' 2.0 11 
11~ 2.5 12 
25' 2 

65 
81 i! 

142 1061 51 

13  6 '  1 
.. 3191 64 
.. 1291 105 
. . 160 137 
. . 4390 132 
. . 

5546 . . 
140 1881 .. 
183 1967 

190 1110 . . 
155 

84 561 51  

1 

. .  
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52 POLLUTION O F  BOUNDARY WATERS 

REPORT OF INVESTIGATION RE  POLLUTION OF THE ST. JOHN  RIVER.  LABORATORY  HEAD- 
QUARTERS  AT  VAN  BUREN,  MAINE.  FIELD  EXAMINATIONS  COVERED  THE 

PERIOD  OCTOBER 2nd-NOVEMBER 4th, 1913. 

The St. John River  forms  the  international 
boundary between Canada  and  the  United  States  for 
about seventy  miles of its course. The  investigation 
was limited to that  portion of the  river between 
Edlmunston and  Grand  Falls.  This  portion of the 
river forms  the  boundary  for thirty-five  miles and 
leaves the  boundary  entering  Canadian  territory  three 
miles above Grand  Falls. 

Sources of Pollution.-There are no large  urban 
communities  in  the  drainage  area of this  portion of 
the  river. In  these small towns the bulk of the 
population depends upon cesspools and privies,  owing 
to the lack of proper sewerage. Van  Buren, Maine, 
population 1,900, has  three  small sewers, two dis- 
charging  into  Violette Brook and one directly  into 
the  river.  These serve about 150 persons. 

St. Leonards, N.B., has no municipal sewerage sys- 
tem. There  is one sewer outlet  from  the Cyr Hotel 
direct  into  the river. 

The  direct sewage pollution of the St. John River 
from  Edmunston  to  grand  Falls  is  at  present  slight. 
There is a  considerable .rural  pollution  due  to  the 
drainage  from  small communities, manured fields, 
cesspools and  other sources, which may be considered 
inevitable, especially after  rains, thaws and floods. 
There  are seven potato  starch  factories which have 
considerable effect upon  the  pollution of the  river. 

An average for  this  portion of the  river  during 
the period of investigation  might be tentatively ex- 
pressed as  follows: 

Average number of 3. Coli  per 100 c.c.. . . . . . . . . . . . . 126 
Average  number  bacteria  per C.C. on agar at 37O C.. . 260 

The rises in  pollution  noted  are  due  to various 
causes, that below Edmunston being  probably due  to 
drainage  from  the village. 

Increase is to be expected a t  Grand  Isle because of 
the  drainage  from  the town and wastes from  the 
potato  starch  factory. A slight rise below the  mouth 
of Grand River is probably due  to  pollution  carried 
by that  stream.  The rise below Van  Buren is due 
to sewage and  drainage  from  Van  Buren  and St. 

Table XXIII. 
WATERS OF THE ST. JOHN  RIVER 
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Leonards plus the wastes from  potato  starch  factories 
on Violette Brook and  Toussant Brook. 

The rise at sampling  points 28 and 29 is due  to 
pollution of Rafael Brook, which  also  carries the 
waste of a  potato  starch  factory. 

Figure No. 26 shows clearly  the  fluctuations in  the 
numbers of B. Coli and of the  anaerobic  organisms* 
which ferment lactose in mixed culture.  This  also 
shows a  remarkable  relation between potato  starch 
factories  and  increase  in B. Coli. The rise in  the 
number of B. Coli below Grand  Isle  might be ascribed 
to the  drainage  from  the village, although it is prob- 
ably  due to  both  the  village  drainage  and  the  starch 
factory wastes. The  sharp  rise below Toussant Brook 
and  about two miles below Vgn Buren  suggests that 

organtsms, p. 388. 
See Appendix re fermentation of Lactose by anaerobic 

the  starch  factory on Toussant Brook is a  big  factor 
in  this sudden rise, although sewage and  drainage 
from Van  Buren and St. Leonards  are  also  factors. 
Even  more conclusive is  the  sudden  rise below Rafael 
Brook. Here  there  is no question of sewage or other 
competing  factor,  and  the  starch  factory wastes are 
the  only  considerable  source of pollution in thia 
vicinity. 

In  considering  the  pollution of the St. John River 
below Edmunston  and  Grand  Falls  there  will be 
noted a t  least  three  points where the  pollution was in 
excess of the  usual  amount.  These  three  points  are 
below Grand  Ide, .below Van  Buren  and  Toussant 
Brook and below Rafael Brook. Other  rises in the 
pollution  index of much lesser  importance are notice- 
able below Edmunston, below Iroquois  River, below 
Siegas River and below Grand  River. 
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" 18. .  ...... .. 19 . .  ...... - 

Averages ....... 
July 8 . .  ...... 22 
" - 

.. 9 .  ....... 
" 1 0 . .  ...... 
" 11.. ...... .. 12. .  ...... 
" 15 . .  ...... 

16.. ...... 
I' 1 7 . .  ...... 

1 8 . .  ...... 
" 19.. ...... - 

Averages ....... 
July 8.. ...... 23 

- 
" 9. ....... 
" 10. .  ...... 
" 11.. ...... 

1 2 . .  ...... 
" 15..  ...... 

1 6 . .  ...... 
17..  ...... 

" 18 . .  ...... 
" 19. .  ...... - 

Averages ....... 
July 8 . .  ...... 24 

- 
u 9  ........ 
" 10 ........ 
" 11.. ...... 
" 12.. ...... 

16. .  ...... 
16 . .  ...... 
17. .  ...... 

" 18.. ...... 
19. ....... 

59 

13 
62 

139 
50 
33 
22 

120 
preadel 
sreader 

140 , 

- 
21 
84 
43 

184 
72 

124 
80 

160 
105 
168 

104 

'' 1 7 . .  . . . . . .  
18.  . . . . . . .  

' i  
i 

Il 1 9 . .  . . . . .  

72 ~ - 
20 I 
18 

170 
200 
35 
30 
38 
82 

120 
44 I 

"I 75 

averages ....... i 
Ju ly  8 .  . . . . . . .  20 .. 9 .  ....... .. 10. . . . . . . .  

:: 12 l l ~ * * . - * - I  . . . . . . . .  
15 . .  ...... .. 16.. ...... 

" 17.  ....... .. 18 . .  ...... .. 19. .  ...... 
Averages 1- ....... ~. 

39 
90 
54 

140 
51 

112 
94 
60 
64 
88 

I- ...I Averages .= 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field Laboratory Reports. Laboratory at  Fort Frances. Waters of Rainy Lake and Rainy River - 

DATE 

1913 
" 

July 8 . .  ..... .. 9 .  . . . . . .  .. 1 0 .  . . . . . .  .. 1 1 . .  . . . . .  
" 1 2 . .  . . . . .  
" 1 5 . .  . . . . .  
" 16. . . . . . .  .. 1 7 . .  . . . . .  .. 18. . . . . . .  .. 19. . . . . . .  

Averages ...... 
July 8 . .  ..... 

" 9. ...... .. 10 . .  ..... .. 11.. . . . . .  .. 1 2 . .  ..... 
" 15 . .  ..... .. 1 6 . .  . . . . .  .. 1 7 . .  ..... .. 18 . .  . . . . .  .. 1 9 . .  ..... 

Averages ...... 
Ju ly   8 . .  ..... 

" 9. ...... .. 10. .  ..... 
" 11.. ..... 
" 1 2 . .  ..... 
" 15 . .  ..... .. 1 6 . .  ..... .. 17 . .  ..... .. 18. .  ..... .. 19 . .  ..... 

Averages ...... 
Ju ly   8 . .  ...... .. 9. . . . . . .  .. 1 0 . .  . . . . .  .. 11.. . . . . .  .. 1 2 . .  ..... .. 15 . .  . . . . .  .. 16 . .  . . . . .  .. 1 7 . .  ..... .. 18 . .  ..... .. 19 . .  ..... 

-" 

-___- 

........ .- - ". Averages 

"~ 

Ractrri 

i 

j m  2.Z m-4 * -  
j I . - A  F 

gy i 2 

Per CC 
Count 

28 
42 
85 

196 
53 

140 
16 

175 
95 

215 

104 

136 
32 
69 

172 
118 
160 
190 
128 
150 
195 

135 

30 
39 
30 

116 
81 

210 
175 
78 
58 

140 

95 

14 
90 
28 
72 

108 
54 
80 
98 

220 
.. 

"" 

12 ...... 
19 ...... 
9 ...... 

18 ...... 
31 ...... 
2 ...... 
1 ...... 

22 ...... 
3 ...... 
8 . . . . . .  
"" 

__- Cou11ts 

i Fermentation Test 
Colon Bacilli 

48 Hours lncubation g m . z  : -4;s 37OO 
h a g $  
:R2-Ja 0 
i n k m u  

5 j: l y  p e r c c  9 9 I rl :: E; 2 :: 
0 0 . .  + 0 
0 I . t  0 
0 t . .  + + + t- .. + + 
o + . .  + +  + + . * + +  
0 "t- .. + + 
0 -t .. 4- + 

0 0 0  
0 0 Count 0 d v :: 0 

0 + + 
0 0 . .  + 0 

I li pe r 1 00 c c  

+ + . *  + +  
10 . . .  .I. .  -t -t .. + 0 

5 .. ..'..' 0 + .. + + 
12 ...... + -t .. + + 

preader ...... 0 + .. + + 
20 ...... + + . .  + 0 
25 ...... + -+ .. + + 
24 ...... 

ti.. 

10 ...... 0 0:. . 0 + 
150 0 0 + + 

30 ...... + 0 . .  + +  
16 . . . . . .  0 0 . .  O f  
5 ...... 0 - t - . . +  0 

17 .. ..I.. + -t .. + + 
8 .... I.. O + . .  + +  

40 ...... + + . .  f 0 
20 ...... + -t .. + + 
6 ...... 0 - t - . .   0 "  

10 . . . . . .  o o . . +  0 
20 . . . . . .  0 o . . + +  - - - - - - - - - 
17 Co l i  p e  r  1 00 cc 3718. - ~ " " ~ ~ ~  
6 ...... + -t- 

26 . . . . . .  0 o . . +  0 
7 ...... O + . . +  0 
7 . . . . . .  O + . . + +  

10 ...... 0 -1- .. + 
30 ...... 0 .. + + 
10 . . . . . .  0 .. +- + 
11 . . . . . .  0 1- . .  0 + 
. . . . . . . .  0 - k . .  t +  
42 . . . . . . . . . . . . . . . .  
16 16 8. Go li per  1 I -  00 cc 

- '~ 

"""" 

-___ 

DATE 

1913 
"- - 
July  8 . .  ...... 29 

" 9 . .  ...... 
" 10 . .  ...... 
" 11.. ...... 
" 1 2 . .  ...... 
" 15 . .  . . . . . .  
" 16 . .  . . . . . .  
'' 17. .  ...... 
" 18. ....... 
" 19 . .  ...... 

Averages ....... 
July 8 . .  ...... 30 
"" 

- 
" 9 .  . . . . . . .  
" 1 0 . .  . . . . . .  
" 1 1 . .  . . . . . .  
" 1 2 . .  . . . . . .  
" 16 . . . . . . . .  
I' 1 G . .  . . . . . .  
" 1 7 . .  . . . . . .  
" 1 8 . .  . . . . . .  
" 1 9 . .  . . . . . .  

Averages ....... 
July  8 . .  ...... 31 
"- - 

" 9 .  . . . . . . .  
'/ 1 0 . .  . . . . . .  
" 11.. . . . . . .  
" 12 . .  . . . . . .  
" It. .  . . . . . .  
" 16 . .  . .  ~. .. 

1 7 . .  . . . . . .  
" 18.  . . . . . . .  
" 1 9 . .  . . . . . .  

Averages ....... 
July 8 . .  ...... 32 

" 9 .  ....... 
10..  . . . . . .  

" 11.. . . . . . .  
" 12 . .  . . . . . .  
" 16.. . . . . . .  
" 1 6 . .  . . . . . .  
" 1 7 . .  ...... 
" 1 8 . .  ...... 

19 . .  ...... 
Averages ....... 
~" ." _" 

31 
17 
64 
72 
56 
95 

150 
80 
75 

260 

90 
" 

60 
55 
97 
70 
90 
88 
65 
30 
84 

110 

74 

31 
132 

73 
164 
126 
<! 2 

155 
96 
98 
86 

105 

Counts -1 Colon Bacilli 

_. 

7 . . . . . .  
18 . . . . . .  
16 . . . . . .  
19 . . . . . .  
9 ...... 

10 . . . . . .  
29 . . . . . .  
25 . . . . . .  
16 50 E. Ca 

14 I . .  . . I . .  
20 ...... 

4 . . . . . .  
14 . . . . . .  
38 ...... 
20 .. ../.. 
24 .. ..I.. 

22 5 I..!../.. 
. . . . . .  

4 L 0 3 N V )  
8 z:;n"o" 

0 -t ,. + + 
0 -t .. + 0 + + . . + +  
+ + . .  + t 
0 + 

""- I I v v  

+I. . :+ 

0 j..~ 0 + 

0 ' 4  I . .  + + 
-I- + I . . !  i- + 
- I -  + . . - t  + 
0 -t .. + + 

, I  

' 01 0 . .  + 0. 
oit .. + + 
0 + . .  + +  
i -  + .. + + 
o + . . + +  
+ + . .  + 0 
i -  + .. + + 
0 + .. + 

11 . . . . . .  .. + + 
"""I "" 

18 40 8. Col i  pe r 1 OOcc 

7 ...... 
14 . . . . . .  o + . . +  0 
1 4  . . . . . .  0 ; "  .. i- 0 
12 ...... 0 0 . . + +  

oreader . . . . . .  + + .. + + 
7 . . I . .  .. ( I t .  + + 

10 . . I . .  .. + + .. + + 
4 . . . . . .  + 0 . . + + '  

26 . . . . . .  + + .. + + 
6 . . . . . .  o + . . + +  
" - - - - - - - - 

.... .. -t t 
4 . . . . . .  O f . . +  0, 

12 . . . . . .  + + . . + +  
15 . . . . . .  O O . . + +  
27 . . . . . .  + + . . + +  
I(; . .  . . I . .  o 4- .. + + 

3 ' . . I . .  ..' I) IJ.. + + 
12 i . .  , . . . .  o '  + .. + + 
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Field  Laboratorv  Reaorts.  Laboratory at  Fort Frances.  Waters of Rainy  Lake and Rainy River 

"" 

July 8 . .  ...... 
" 9. ....... 
" 1 0 . .  ...... 
" 11.. ...... 48 
" 1 2 . .  ...... 
" 15.  ....... 
'' 16 . .  ...... 
" 1 7 . .  . . . . . .  

145 

135 " 19..  . . . . . .  
92 " 18 . .  ...... 
72 

I i- 
Averages ...... . /  I 87 

July 8 . .  ...... 34 

" 1 9 . .  ...... 77 
" 18..  ...... 98 
" 1 7 . .  ...... spreade 
" 1 6 . .  ...... 145 
" 1 5 . .  . . . . . .  180 

70 " 12 . .  . . . . . .  
74 " 11.. ...... 
65 (' 1 0 . .  ...... 
83 '< 9. . . . . . . .  
45 

"- 

I l- 
Averages ... ....I 93 ' 

I " "1 - 
July 8 ........ 35 .. 9 .  ....... .. 1 0 . .  ...... .. 1 1 . .  ...... .. 12 . .  . . . . . .  .. 15 . .  . . . . . .  .. 16 . .  ...... .. 1 7 . .  ...... .. 18. .  ...... .. 19 . .  . . . . . .  
Averages ....... 
July S . .  . . . . . .  36 
"_ 

.. 9. . . . . . . .  .. 10 . .  . . . . . .  .. 11.. . . . . . .  .. 12..  . . . . . .  .. 15. .  . . . . . .  .. 1 6 . .  . . . . . .  .. 17. .  . . . . . .  .. 18. .  ...... .. 19 . .  . . . . . .  

I- 

.I- 

- 
69 

39 
37 
64 

120 
98 
70 
82 

220 

88 

27 
55 
42 

104 
46 

155 
140 
95 

130 
84 

87 

.. 

- 
- 

- 

" -~ 
la1 Counts 

I 1 Oolon Bacilli 
E i c  ' a  

:d -4 3s 3700 
&?."$ a&?z$ 0 " 4  :: v v v v  

per(J<: 9 9 3. s :: 2 2 5: 
- 1  

a,.: 48 Hours Incubation 
Fermentation Test 

Count o rl v 0 

1 ...... 
3 . . . . . .  

4000 ...... .. 
10 ...... 0 -+ ..I+ + 
27 ...... ++ . .  4"k 
17 ...... O + . .  + +  
40 0 + . . + +  ...... 
6 ...... 0 O . . + +  

20 
O f . . + +  . . . . . .  8 

+ + .. + 0 ...... 
""" "" 

14 cc 1 0 0  r lpe C o l i  B .  34 
"""_A" 

10 .. t 0 . . . . . .  0 
o + . . +  . . . . . .  5 

-I- 

+ +  0 - t . .  ...... 9 
+ + . . + +  . . . . . .  20 

o 

10 . . . . . .  + + . . + +  

" 

1 July 8 . .  ...... 37 
" 9. ....... 
" 10..  ...... 

11.. ...... 
" 1 2 . .  ...... 
" 1 5 . .  . . . . . .  
" 1 6 . .  ...... 
" 1 7 . .  . . . . . .  
" 18 .  ....... 
" 1 9 . .  . . . . . .  

Averages ....... 
July 8.. ...... 38 

" 1_ 
&' 9 .  ....... 
" 10. .  ...... 
" 11.. ...... 
&' 12 . .  ...... 

5 . ... 0 0 + .. + + 

" 19 . .  . . . . . .  5 ...... 0 o . . + +  
" 18 . .  ...... 18 ...... 0 0 . .  + +  
.. 1 7 . .  . . . . . .  . 15 . . . . . .  0 - t . .  + +  
" 1 6 . .  ...... 15 .... 0 0 + .. -I- + 
" 1 5 . .  ...... 

1 1   1 3 1 B . C o l i   p e r l 0 0 c c  Averages . . . . . . . I  
-1 -""" - "- 

7 . . . . . .++ . .  + +  .. 9 .  . . . . . .  ' 
9 ...... 0 - k . .  + +  " 1 0 . .  . . . . . . .  . i  

4 . . . . . .  0 o . . + +  " 11.. ...... 1 

6 ...... 0 f .. + + .. 15. . . . . . .  ., i 

26 ...... + + . . + +  " 1 6 . .  . . . . . .  
1 4  . . . . . .  0 O . . + +  " 17.  . . . . . . .  
20 0 o . . + +  " 18. . . . . . . .  ! 
38 . . . . . .  0 O . . + +  " 1 9 . .  . . . . .  .I 
14  45  B. C o l i  pe r 1 00 cc Averages ....... 

""""_ 

11 ...... + + . . + +  

" 1 2 . .  . . . . .  . I  7 ...... + + . . + +  

July 8.. ..... . I  39 

...... 
""""_ 
""""_ - 

7 ...... + + .. + + 

.. 11.. . . . . . .  5 ...... 6 1 0 . . + +  

.. 10 . .  . . . . . .  9 . . . . . .  + + . .  + +  
.. 9 . .  . . . . . .  6 ...... O + . . +  0 

July  8. ....... 40 

.. + + . . . . . .  " 1 2 . .  ~ 

" 1 5 . .  . . . . . . .  / 
16 ...... l - ; - l  .. + 4- .. 16 . .  . . . . . .  .. 17. .  . . . . . .  
10 . . . . . .  " 18 . .  . . . . . .  
82 ...... .. + 0 19..  ...... 

____~ 16 47 8. Cjli lpe r 1 0 0  cc Averages ..... . . I  

's" :: :: :: 6i: .. + r' 

* Not included in averaee. 

- 
57 
55 
54 
31 
67 
80 
78 

108 
120 
.. 
" 

72 

216 
98 
96 

100 
200 
950 
3000 

13000 
1850 
1640 

2115 

118 
135 
194 
184 
87 

1540 
2900 
7000 
1420 
1550 

1512 

90 
88 

151 
92 
73 

1100 
preade 

800 
1100 
2200 

632 

- 

- 
- 

" 

" 

- 
- 



60 POLLUTION OF BOUNDARY  WATERS 
- ___"_ 

~ "" ...... 

INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field Laborator Reports. Laboratory at  Fort Frances.  Waters of Rainv Lake and Rainy  River Y _ _ _  " ~- 

"" 

DATE 

1913 
" 

Ju ly  8.. ..... 
" 9.. ...... 
" 10.. ...... 
" 11.. ...... 

12.. ..... 
I' 15.. ...... 
" 16.. ..... 
17.. ...... 

" 18.. ..... 
" 19.. ..... 

Averages ...... 
Ju ly  8.. . . . . .  
- 

" 9. ....... 
" 10.. ...... 
" 11.. ...... 

12.. ...... 
" 15.. . . . . . .  
" 16.. . . . . . .  
'' 17.. . . . . .  

18.. . . . . .  
'' 19.. . . . . .  

Averages ....... 
Ju ly  8 . . . . . . . .  
" 9.. ...... 
" 10..  . . . . . .  
" ll., ...... 
" 12.. ...... 
" 15.. . . . . . .  
" 16.. . . . . . .  

18. ........ 
19.. . . . . . .  

Averages ....... 
Ju ly  9.. ...... 
" 10.. . . . . . .  
" 11.. . . . . .  
" 12.. ...... 

14. .  ..... 
15.. ...... 

" 16.. . . . . .  
" 17.. . . . . . .  
" 18.. . . . . . .  
" 19.. . . . . . .  

"- 

17. . . . . . .  

Batter 

i 

Count 
Per CC 

144 
34 

266 
180 
70 
23 
4 

120 
200 
130 

- 

Counts 
"-.-- I Colon Bacilli Uolon Bacilli 

48 Hours Incubation 
Fermentation Teat 

3 I 0 C  DATE 

1913 

Ju ly  9.. ..... 
" 10.. ..... 
" 11.. ..... 
" 12.. ..... 

14.. . . . . .  
" 15. ....... .. 16.. ..... 
" 17.. ...... 
" 18.. ...... 
6' 19.. ...... 

Averages ....... 
Ju ly  9 ........ 
" 10.. ...... .. 11.. ...... 
" 12.. ...... .. 14.. . . . . . .  .. 15.. ...... .. 16.. . . . . .  .. 17.. ...... 
" 18.. ...... .. 19.. ...... 

"" 

Averages ....... 
Ju ly  9.. ...... 
" 10.. ...... 
" 11.. ...... 
" 12.. ...... 
" 14.. . . . . . .  
" 15.. ...... 
" 16.. . . . . .  .. 17.. ...... 
" 18.. ...... 
" 19.. ...... 

- 

Averages ....... 
Ju ly  9.. ...... .. 10.. ...... .. 11.. ...... .. 12.. ...... 

" 14.. . . . . . .  .. 15.. ...... .. 16.. ...... 
17.. ...... 
18.. ...... 

#I 19.. ...... 
...... 

" 
Averages 

o m 0  
A N 0  "_ 
.. + + .. + + .. + .. .. + a .  ..I+ .. 

,. + .. 
+ .... 

. 

.. + . .. + . 

.. + . .. + . 

.. + 

e .... 
. ..I.. "_ 
1 

OOiCC "_ 
. 

. f ~ . .  . +.. . + , +  

+~. .  . +,.. . 
,. .. t -  

+ .. . + .. 

..... "_ 
1 cc 00 "_ 
. 

f!.. . +,.. . 
+ i f  . 1. + 

.I+;.. 

. .+ .. 

. I +  .. 

. i  t,,. 
+\.. .. 
t . , . .  .. 
-1- - 

-""" 
64 ...... + i 
15 ...... + 4 
60 .... + + i 
54 .... + + t 
40 .... + 0 + 
40 .... 0 + -t 
92 .... + + -t 

50 
150 
35 
76 

120 
380 

2550 
1280 
900 
220 

576 24 

10 
31 
8 

40 
64 
1 

60 
bo 
40 
37 

- 

- 

141 54 361 E. Coli pe 

54 ...... + + 
20 ...... + + 
37 .... 0 + + 
74 .... + 0 0 
3 .... 0 + + 

45 .... .... 112 
+ + + 

O O O +  .. 56 
0 . .  + 0 .. 24 
o +  0 0 .. 20 

+ + + 

4 4  2 4 8 8 .  C o l i  pe 

...... + + 

...... + + 

.... 0 + + 

.... 0 + + .... 0 0 

0 + +  0 .. 
.. 0 0 0 .. o +  0 0 .. 
+ + 0 .... 
+ + + .... + 

47 165 E. Co 11 pe 

84 ...... + + 
76 . . . . . .  + + 
72 
06 .... 0 + + 
25 

800 .... + + + 

160 30 
.(; 1 o/+!+ 

-" "" 

""" 

""" 

--i--:- 

75 O + l +  ::I:: 

..I 01 0' 01.. 
68 ../ 01 01 O i . .  

80 
109 
74 

104 
650 
150 

1680 
720 
630 
950 

514 

96 
62 
61 

122 
600 
200 

2800 
1600 
820 
960 

73  1 

113 
53 

108 
216 
100 

70 
100 
180 
80 

113 

111 
31 
64 
59 
160 

200 
150 
100 
90 

106 

138 
80 

230 
180 
160 

1200 
150 
200 
40 

.. 

.. 

.. 

I 

67 
13 
28 
30 
18 
9 

160 
40 
49 
60 
" 

77. 
76 

350 
172 
20 

180 
850 
200 
200 
320 

I 

I: 
I 

244 - Averages ...... ..I 264 
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DATE 

1913 
" 

July 9 . .  ..... .. 10. .  ..... 
" 11 ....... 
I' 12 . .  ..... .. 14 ....... .. 15. .  ..... .. 1 6 . .  ..... .. 17 . .  . . . . .  .. 13 . . . . . . .  .. 1 9 . .  ..... 

Averages ...... 
July 9 . .  ..... .. 10. .  .... .. 11 ....... .. 1 2 . .  ..... 

" 14.. .... 
" 15..  ..... 
" 1 6 . .  ..... 
" 1 7 . . . . . .  
" 18 ....... .. 19 ....... 

Averages ...... 
July 9 . .  .... .. 10 . . . . . .  .. 1 1 . .  . . . .  .. 1 2 . .  .... .. 14 . . . . . .  .. 1 5 . .  .... .. 16 . . . . . .  .. 1 7 . ,  . . . .  .. 1 8 . .  .... .. 1 9 . .  .... 
Avemges ...... 
J u l y  9 . .  .... .. 1 0 . .  .... 
" 11 ...... 
" 1 2 . .  .... 
" 14 . .  .... .. 15 ...... 

16 ...... .. 17...... 
18 ...... 
19 ...... 

Averages ...... 

- 

" 

" 

" 

" 

- .  

I Bacterial Counts II - 

gm.g 
$+ 5 ;  

0 2 - 0 :  

1.25% 
k c  
Count 
Per C C  

402 
170 
424 
900 

3200 
4000 
150 
280 
400 

1620 

1154 

470 
120 
500 

1000 
300 

1900 
250 
400 
200 

265 

590 
250 
208 
300 

1500 
600 

1020 
400 
350 
240 

540 

1 a6 
45 

240 
50 

150 
300 
950 
300 
380 
800 

337 

- 

- 
- 

.. 

- 
- 

- 
- 

- 
__ 

Fernlentation  Test 
Colon Racilli 

3 7 o c  

.... + + .. + i- 
18 . . . . . .  o + . .  + +  
93 .... + + + . . + . .  

130 .... 0 0 + .. + .. 
100 .... 0l+ 4- .. + .. 
110 .... 0 -1 + .. t .. I 

75 ..  .. + .. 
100 .. 0' 01 01.. + .... 
197 .. 0 0l+] L\.. .... 

98 Col i  pe I 1  00 cc 

105 . . . . . .  +- + .. + + 
44 ...... ++. .  + +  
156 .... 4- + + .. + .. 
430 .... 0 + + .. + .. 

"-""" 
15716. """"" 

55 .... 01 + + .. + I . .  
75 .... 01 + + .. +I.. 390 .... +! + + .. + .. 
48 .. 0 0' 0 . .  .. + .. 

185 .. 0 01 0 01.. .... 
180 260 B. Coli p e i r l l i  cc  

120 .. 0 o!+ .. + .... 
- """ - - 
""",- 

I 1  ~ , I" 
108 . . . . . .  1 -k - 1 - 1 . .  $- + I 

47 ...... + + . . + +  
120 .... + + + .. + .. 
308 .... 0 -1- + .. + .. 
30 .... 0~ 0 + .. + .. 
75 .... .. + .. 

120 .... .. + .. 

28 .. .. 

97 ...... + + . .  + + 
10 ...... o + . .  + +  

100 . . . .  + + + .. + .. 
86 . . . .  0 ' i -  + .. + .. 
35 .... 01 + -I- .. + .. 

110 .... 0!+ + .. + .. 
i-(f 

O + I +  
180 .... + .. + .. 
75 I. + .. + .. 
70 .. 0 
52 .. 0 0 

81 362 B.  Co 1 .  11 I--,-- pe - r 1 - 00 cc 

0 1 - t  
. . . . . .  

" - - -1- . . i - / - .  .. 

I 
DATE 

1913 
"- 
July 9 . .  ..... .. 10. .  ..... .. 11.. ..... .. 1 2 . .  ..... .. 14.. ..... .. 1 5 . .  ..... .. 16. .  ..... 

1 7 . .  ..... .. 18 . .  ..... 
" 19.. ..... 

Averages ....... 
Ju ly  9 . .  ..... .. 10..  ..... 
" 11.. ..... .. 1 2 . .  ..... 
" 14. .  ..... 
" 15 . .  ..... 
" 16. .  ..... .. 1 7 . .  . . . . .  .. 18. .  ..... 

- 

" 19.. ..... 
Averages ...... 
Ju ly  9 . .  ..... 

" 10 ...... 
" 11.. ..... 
" 1 2 . .  . . . . .  

14 ....... 
. . . . .  

I " 
" 1 5 . .  

...... 
I " 

16. 
17 ...... 
18. ...... 

..... 
' I  
1 :: 19.. 

I I  
1 1  Averages ...... 
! 

J u l y  9 . .  . . . .  
10 

--- 
.... . .  
. . . . . .  

I . . . . . .  ~ .: 11. 
1 3  

" 1 4 . .  . . . . .  
" 1 5 . .  . . . .  
" 1 6 . .  . . . .  

I " 17 . . . . . .  
. . . . . .  I *' 18 

19  . . . . . .  I " 

I 

...... "-1. Averages 

" a  
034 * *  p $* .3  
N g,z 
I .%a e 
2:6%8 
o m  

Count 
Per CC 

414 
210 
240 
190 
150 
350 
800 
70 

350 
300 

" 

307 

100 

260 
200 
160 
280 

1400 
400 
420 
600 

424  

.. 

- 

268 
71 

450 
400 
340 
300 

11 00 
480 
850 
.. 

473 

204 
120 
360 
300 
so0 
350 
F20 
200 

80 
840 

387 

100 
53 

160 
250 

GO 
300 
120 

89 
103 
104 

w 



INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field Laboratory Reports. Laboratory at Fort Frances. Waters of Rainy Lake and Rainy River. 

DATE 

1913 
"- - 
Ju ly   9 .  ...... 
" 10 .  ...... 
" 11.. ..... 
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" 1 4 . .  ..... 
'' 1 5 . .  . . . . .  
" 16 . .  . . . . .  
'' 1 7 . .  . . . . .  
'' 1 8 . .  . . . . .  
" 1 9 . .  ..... 
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1913 
"" 
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I 
DATE 
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" 3 1 . .  ..... 
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'( 4. . . . . . .  
" 5. . . . . . .  
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+ .. -I + + . . + +  
+ 

~ i -  + .. + i- + . . + 
+ -t . . -t- 

+ . . + +  
+ . . + +  

+ +  f . .  
+ . . + +  -t- -t .. 

+I . .  + -t 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field Laboratory Reports. Laboratory at Port Arthur. Waters of Lake Superior at Thunder Bay. 

DATE 

1913 
"- 
Aug. 19. .  ..... .. 19. .  ..... .. 19 . .  ..... 

" 19 . .  ..... 
" 19 . .  ..... 
" 19 . .  ..... 
' I  19. .  ..... 
I' 1 9 . .  ..... 
I' 1 9 . .  . . . . .  
I' 1 9 . .  . . . . .  
" 1 9 . .  . . . . .  
" 1 9 .  . . . . . .  
" 1 9 . .  ..... 

1 9 . .  ..... 
1 9 . .  ..... 
1 9 . .  ..... 
1 9 . .  . . . . .  
20 . .  ..... 
20. .  ..... 

'' 20 . .  ..... 
I' 20. .  ..... 
I' 20..  ..... 
" 20.. ..... 
" 20. .  ..... 
" 20. .  . . . . .  
' I  20. .  ..... 
' I  20..  . . . . .  
" 20.. ..... 
' I  20.. ..... 
" 20.. . . . . .  
" 20 ....... 
' I  20..  ..... 
" 20.. ..... 
" 20 . .  ..... .. 20. ...... 
" 20.. ..... .. 20 ....... 
" 20 ....... 
" 20..  ..... 

20..  ..... 
" 20.. ..... 
" 21 . .  . . . . .  

21. ...... .. Z l . ,  ... 
21. ...... 

" 21 ....... 
" 21..  ..... 

21.. ..... 
21..  ..... 

'( 26. .  ..... 

548 
549 
550 
951 
552 
553 
554 
565 
5 36 
557 
558 
559 
560 
561 
5c2 
5631 
564 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
629 
630 
631 
632 
833 
634 
635 
636 

600 
608 
560 

2000 
1000 
1500 
3000 
3000 
2000 
1500 
1500 
1000 

250 
300 
624 
568 

2 
0 
6 
0 
0 
2 
0 
2 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

s80 
660 

1120 
880 
670 
280 
150 
23 

no0 

i $*.E . < s 3  
:o.: 2 5 E i k  
Per CC 
Count 

"- 
300 
300 
180 

1000 
1200 
1200 
1000 
600 
500 
400 
400 
90 
66 

160 
25 
50 
30 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
3 
0 

152 
180 
300 
200 
400 
40 
8 
0 

I I  

Fermentation Test 
Oolon Bacilli 

48 Hours Incubation 
3 7 O 0  

V v v  
: : : " o v : :  
? S 4 , 0 2 2  
""" 

.... 

. . . .  
.. + + + .... 
., + + + .. * .  .. + 4 + . . . .  
.. + + + . . . .  
. + + + .... 
. -i- + + .... 
.( + + + ,.  ,. 
. + + + .... . + 4- + .... . + + + .... 
. + + + .... . + + + 

+ + + .. 
. . . .  + + + .. 
, .  ,. + + f . I  

. . . .  + + + .. 

. . . .  + + + .. 
. . .  0 0 + .. 
.... 0 0 + .. 
,, .. + + + 

0 0 . .  ,...,. 
0 0 . .  ...... 0 0 . .  ,..,.. .. 0 0 0 . . . .  

.. 0 0 0 .... .. 0 0 0 .... 

.. + 0 0 ,. ,. 

.. 0 0 0 .... 

.. 0 0 0 .... .. 0 0 0 .... 

.. + 0 0 . . .  

.. + 0 0 .... 

.. + 0 0 .. ,. .. + + 4- ,. . 

.. + + 0 .... 

.. 0 + 0 .. ,. .. + + + .. , ,  

.. 

...... 0 0 . .  

...... 0 + .. 

...... 0 0 . .  ...... 0 0 .. ...... 0 0 .. 
,. 0 + + + .. 
,.  0 + + + .. 
,. + + + + .. 
,. + + + + .. 
,. + + + + ,. ,. 0 

,.._ + 0,+ 0 I. 

.. + + 0 0 ,. 

.. + + + 

- 1 .  

- 
:::: 
2 :  
" 

" +  
+ +  
+ +  
+ +  
+ +  
+ +  + +  
+ +  
-t 
+ +  

+ 
+ +  
+ +  
+ +  
+ +  
+ +  
t +  
+ +  
t +  
t +  
t +  

+ +  
+ +  
f +  

t +  
0 0  
0 0  
O f  
+ +  

~ t +  

O f  
+ +  0 0  
0 0  

0 '  0 
O f  

O +  
0 0  
O +  
O f  
O f  
0 0  

o +  ' 
4- .. 
+ .. , ,  
+ 

~ 

.. 
+ .. , 

DATE 

1913 

Aug. 21..  ..... .. 21.. ..... 
" 21.. ..... 
" 21.. ..... 
" 21.. ..... 
" 21..  ..... 

21.. ..... 
(L 21 ....... 
" 21..  ..... 

21.. ..... 
" 21..  ..... 
I' 21 ........ 
" 21..  ..... 
I' 21. ....... 
I' 21..  ..... 

21..  ..... 
I' 21. .  ..... 
" 21..  ..... 
" 21..  ..... 

21 . .  ..... 
" 21..  ..... 

21..  ..... 
" 21..  ..... 
" 21 . .  ..... 
" 21..  ..... 
" 21..  ..... 

21..  ..... .. 21..  ..... 
" 21 . .  ..... 
" 21. ...... 
" 21..  ..... 
" 21. .  ..... 
" 21. .  ..... 
" 21..  ..... 
" 21..  ..... .. 21. .  ..... 
" 21..  ..... 
" 21.. ..... 
" 21.. ..... 
" 21..  ..... 
'' 22..  ..... 

22..  . . . . .  
22..  ..... 

I' 22.. ..... 
22.. . . . . .  

' I  22..  ..... 
(' 22.. ..... 

22..  ..... 
22.. ..... 
22.. ..... 

"" 

d , Bscter 5 

$d".:& 2 
- 0  urn; g i2.g .!? 6. 

N4 < 

.* - 
Per CC in 

H - l e i d l .  a nm--mr 

!j - c o x  
" 

637 

639 
12 638 
10 

686 
50 678 
61 677 

144 676 
222  675 
151 674 
230 673 
144 672 
114 671 
146 670 
284  669 

0 668 
0 667 
0 666 
0 665 
0 664 
0 663 

20 662 
76 661 
84 660 

110 659 
0 656 
1 655 

12 654 
20 653 
28 652 

4 651 
23 650 
38 649 

2000 648 
900 647 

1000 646 
1080 64b 
800 644 
220 043 
33 642 
51 641 
13 640 
0 

400* 
687 546 
688  600 
689  1000 
690  200 
691 160 
692 50 
693 48 
694 400 
695 35 
~ - _ _  

Co'unts 

$ g ;  
f M E ;  . <  

ikZ2k 
Count 
Per CC 
" 

0 
10 
3 
1 
6 

10 
112 
100 

Ipreade 
160 
12 

116 
2 
1 
1 
5 
0 
1 
0 
0 

66 
20 
10 
7 
1 
0 
3 
0 
0 
0 

21 
26 
5 

20 
1 4  
19 
22 
9 

20 
17 
42 

134 
128 

7 
68 
70 
28 
16 

800 
13 

- 
" 

I 

Fermentation Test 
Oolon Bacilli 

48 Hours Incubation 

" 

3700 

1 ,  1 1 

? 4 2 , z  1 s ;  
5 0 " " ) E  ""/_ 
0 0 OJi-(. 

0 o +  + I .  0 + + /+  . 
0 0 0 + . .  
o +  o + . .  
t + + : +  . ,  
t + + '+  .. 
t + + + . .  
O + + 

0 O f  + . .  
0 0 o + . .  
0 0 + I - -  .. 
0 0 0 ' 0 . .  
0 0 0 +  .. 
0 0 0 0 . .  
0 "  + + .. 
0 o + +  .. 
0 O S - +  .. 

t + + I +  ., 

o o + + . .  + i -  
0 o + I +  .. 

0' 01 0: o ; . .  
o 0 0 1 . .  
0 0 0i 0 .. 

0 0 - i - j +  .. 
0 o + - j +  .. 

I.. 

I 

1 .  

O - ! ' - i  * * I  1 -  
o + + + . . -  
. + -t + . . I+  .. 
. + + +  

* * I . .  . . 
. o +  + .. 4 .. 
. 0 +  +..  ' .. 
. + + + ,. 1 .. 

. + + + ..'+I.. 

. . . . . . . . . . . . .  

" "_ " . 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports . Laboratory at Port  Arthur . Lake  Superior  at  Thunder  Bay . 

. . . . 

i 
.I 

* 

B 

9 

M .. . a 

u) 

. 
75 
75 
75 
75 
75 
751 
75 
75' 
751 
761 
76 
76: 

. . . . . . 

" 

. . 
. ial 

z 
-L 

Bacteri 6 
7" 
a b- 2 Ep&; g 
z? .aa  i .c, 

I N 4  * <  
M a c > f i  2. 
a 2 5 3  
m Per CC 
2 count  

696 18 
700 1000 
701 300 
702 1000 
703 1600 
704 1000 
705 

29  708 
12 707 
14 706 
3 

725  22 
7241 60 

29 723 
28 720 
88 71b 
30 718 
0 717 
3 716 
7 715 

36  714 
17 713 

112 712 
100  711 
87  710 
45 709 

c 

" 

Fermentation  Test 
Colon  Bacilli 

48 Hours Incubation 
37oc  

Oolon Bacilli 
Fermentation  Test 

48 Hours Incubation 
3700 

0 

3 0 0 U Q i  

9 4 2 "  
. 
0 

.. o + +  D 

.. o +  0 0 

.. o +  0 0 

.. + O f  0 

.. O + + +  

.. O + + +  

.. + O f  0 

.. O + + +  

.. + + + +  .. O + + +  

.. o + + +  

.. o + +  0 

.. O f  0 0 

.. + o +  0 

.. O f +  0 
.... O f  0 
.... o +  0 
.... 0 0 0 
.... o +  0 
.... o +  0 
. . . .  o +  0 
.... O f  0 
.... O f  0 
.... + 0 0 
.... o +  0 

.. o +  0 0 

.. o +  0 0 

.. O f  0 0 

. .  + o +  0 

.. + O f  0 

.. + o i -  0 

. .  0 0 0 0 

. o +  0 0 

. 0 o +  0 

. o + +  0 

. o + +  0 

. 0 + +  + 

. O f + +  

. o + +  0 

. + o t -  0 

. + -1- + 0 

. 0 . t  0 0 

. 0 +  0 0 

. -t + 0 0 

. O " + +  

. 0 + +  0 

. O f f  0 

. o + +  0 

. + + + +  . o + +  
"" 

DATE 3 

3 

_ . 

48 . . I  

DATE 

1913 

. 
U 
4 
5 
9 
. 

. 

I 

. 

i 

. 

N S :  

+ .. 
+ 

.. 0 

.. 0 

.. 0 

.. 

.. 0 

.. 0 

.. 0 

.. 0 

.. 0 

.. 0 

.. 0 

.. 0 

$- .. 
0 .. 
0 . .  
0 .. 
+ .. 
+ .. 
+ .. 
-t .. 
+ .. 
+ .. 
+ .. 
+ , . 
+ .. 
-4- .. 
+ .. 
+ .. 
+ .. 
+ .. 
+ .. 
+ .. 
t- .. 
+ .. 
f .. 
+ .. 
t- .. 
+ .. 
+ .. 
+ .. 
f .. 
f .. 
f .. 
f .. 
1- .. 
f .. 
f .. 
+ .. 
- * *  I 

" 

I C  

5 ;  
. . 
I 

I 
I 
I 
I 

.. 

.. .. .. 

.. 

.. 

.. ( 
( 

, . ( 

, . ( 
I . ( 

( 
( 
( 

.. ( .. ( 

.. ( . ( . ( 

I . 
, . * (  

. .  

.. 

.. 

" 

... 

... 

... 

... . . .  

. . .  

. . .  

. . .  ... 

... . . .  . . .  . . .  

... . . .  

. . .  . . .  . . .  . . .  . . .  . . .  . . .  ... ... . . .  . . .  

2 : :  

+ .. 
+ 

.. f 

.. f 

.. + 

.. + 

.. + 

.. + 

.. + 

.. 

f .. 
f .. 
+ .. 
+ .. 
+ .. 
t .. 
+ .. 
+ .. 
f .. 
t .. 

0 "  

X k - J  
" 

.. .. 

._ 

t f  
0 0  
t +  
t +  
i+ 
...  
t +  
t +  
t +  
t f  
t +  
t +  
t +  
0 0  
t f  
t +  
t +  
O f  
O f  
0 0  
t +  
t +  
t +  
t +  
t o  
0 0  
" + - 

q 2 ; z  
g o " :  

"" 

0 + +  

.. 0 + +  

.. + o +  

.. + o +  

.. 0 0 0 

.. + o +  

.. + o +  

.. O f +  

.. O f +  

. 

+ + +  .. 
0 + +  .. 
+ + +  .. 
+ O f  .. 
0 o +  .. 
0 0 0 

+ 
*. 0 0 0 
.. 

.. 0 +  + 

.. o +  + 

.. o +  

. . . . . . . .  

"" 

.. 

.. 
.. -t + 

.. 0 0 .. .. 0 0 .. .. 0 0 0 

.. + 0 .. .. + 0 .. .. + + .. .. 0 0 .. .. 0 0 .. .. 0 0 .. 

.. 0 0 . .  

.. + 0 . .  

.. + + .. .. 0 0 .. 

.. 0 0 .. .. + 0 .. .. + + .. .. + + .. .. + + . .  

.. + + .. 

.. + 0 .. a .  .. 0 . .  

.. + + .. .. + 0 .. 

.. + + .. 

.. 0 0 

. .. ( 0 0 

<I- . ,  

.. 

.. 

1 ..I.. 1 

1913 
"- 
Aug . 23 ....... 
" 23 ....... 
' 23 ....... 
" 23 ....... 
" 23 ....... 
'' 23 ....... 
" 23 . . . . . . .  
" 23 . . . . . . .  
" 23 . . . . . . .  
" 23 ....... 
" 23 . . . . . . .  
" 23 . . . . . . .  

.. .. .. .. 

.. 

.. .. 

.. .. .. 

.. 

.. .. 

.. 

.. .. 

.. 

.. 

.. 

.. 

18 
28 
24 
40 
38 
8 

1 4  
90 
90 

120 
240 
120 
16 
I b  
12 
6 
8 
3 
5 

.. 

~~ 

Aug . 22 ....... 
'( 22 ....... .. 22 ....... .. 22 ....... .. 22 ....... 
" 22 ....... 
" 22 ....... 
'( 22 ....... 
'& 22 ....... .. 22 ....... .. 22 ....... .. 22 ....... .. 22 ....... .. 22 ....... .. 22 ....... 
' . 22 ....... .. 22.,  ..... 

22 ....... 
" 22 ....... .. 22 ....... .. 22 ....... .. 22 ....... .. 22 ....... .. 22 ....... .. 22 . . . . . . .  

9 
1500 
122 

1200 
1000 
6000 

5 
0 
1 
5 
5 

10 
16 
17 
3 
7 
0 
1 
0 
8 

38 
18 
7 

14 
3 

31 
40 
56 
25 
26 
13 
4 
0 

24 
1 G  
20 
34 
13 
4 

300 
100 
190 
110 
110 
140 
60 
40 
20 
32 

" 23 ....... 76. 
'' 23 ....... 76; 
" 23 ....... 761 
'' 23 ....... 76' 
'' 23 ....... 76: 
" 23 ....... 76! 
" 23 ........ 
" 23 ....... 
"" 

*Port lrthur 
July 28 ....... 

6' 29 . . . . . . .  
" 29 . . . . . . .  
" 29 ....... 
" 29 ....... 
" 29 ....... 
" 29 ....... 
" 29 ....... 

29 ....... 
" 29 ....... 
" 29 ....... 

Aug . 1 ....... 
" 1 ....... 
" 2 ....... 
" 2 ....... 

2 ....... 
" 2 ....... 

2 ....... 
" 2 ....... 
'( 2 ....... 
" 2 ....... 
" 4 ....... 
(' 4 . . . . . . .  
" 6 ....... 
" 6 ....... 
" 6 ....... 
" 6 ....... I 

77( 
77 
. 

rap 1 1  Water 
31 
3 

320 
360 
50 
60 
60 
30 
12 
24 
56 
20 

8 
78 
24 
12 

G 
6 
7 
3 

42 
14 
8 
4 
3 

18 
14 

t 
6 
2 

38 
13 
4 

12 
5 
2 
4 

37 
14 
33 
1 
5 
2 
7 
1 
3 
1 
1 

26 
6 
4 
1 
1 
6 

" 22 ....... 7261 90 
" 22 . . . . . . .  727 

70 " 22 ....... 735 
80 " 22 ....... 734 
6 I' 22 ....... 733 

37 " 2% ....... 732 
1 G O  '' 22 ....... 731 
280 " 22., ..... 730 
122 " 22 ....... 729 
120 '' 22 ....... 728 
260 

" 22 ....... 737 160 
" 22 ....... 738 48 
" 22 ....... 739 32 
" 23 . . . . . . .  740 .. 

' I  23 ....... 742 .. 
'' 23 ....... 743 .. 

2 3 . ,  ..... 744 .. 
" 23 . . . . . . .  745 .. 
" 23 ....... 746 .. 
'' 23 . . . . . . .  747 .. 
" 23 ....... 748 .. 

" 22 ....... ~ 736 100 

" 23 ....... .. 741 

" 23 ....... 1 
23 ....... .. .. I 

This water wan imurowrb  dosed with  hypochlorite  solution . t Supposed to be chlorinated . 

J 
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DATE 

1913 
"" 

Aug. 5 . .  .... 
(' 5 . . . . . .  
" 6 . . . . . .  .. 6. . . . . . .  .. 6.. . . . . .  .. 6.. . . . . .  .. ti...... .. 8.. . . . . .  .. 8.. . . . . .  .. 9..  . . . . .  .. 9.. . . . . .  .. 9.. . . . . .  .. 9.  . . . . . .  .. 11.. . . . . .  .. 11.. . . . . .  .. 11.. . . . . .  .. 11.. ..... 
" 11.. ..... 
" 11.. . . . . .  
" 11.. . . . . .  .. 12.. . . . . .  .. 12.. ..... .. 12.. ..... 
" 12.. . . . . .  .. 13.. . . . . .  .. 13.. . . . . .  .. 13.. . . . . .  .. 13.. . . . . .  
.. 14.. . . . . .  
" 14.. . . . . .  
' I  14.. . . . . .  .. 14.. . . . . .  
" 14.. . . . . .  
" 14.. . . . . .  
" 14.. ..... .. 14.. . . . . .  .. 14.. . . . . .  .. 14.. . . . . .  .. 14.. . . . . .  .. 14.. . . . . .  .. 15.. . . . . .  
'' 15.. . . . . .  .. 15.. . . . . .  .. 15.. ..... .. 15.. ..... 
" 16.. ..... 
" 16.. ..... .. 16.. ..... 
" 16.. ..... 
" 16.. ..... _" 

INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field Latoratory Reports. Laboratory at Port Arthur. Port Arthur Tap Water." 

Batter 
6 $4 ii m. 
j.;.,.;. 
@l-l k '  

2 0  el ::z:, 
Count 
Pe r  CC 

5 
2 

38 
8 

26 
12 
1 4  
18 
8 

18 
4 
8 
3 

1600 
250 
12 
50 

180 
200 

2 
31 
1 
3 
2 

15 
130 
20 
5 

54 
65 

0 
5 

20 
1 
1 
70 
9 
0 
0 

40, 
38 
9 
4 
3 
0 

120 
9 
8 

13 

.. 

- ial 

0 
2 
4 
4 
2 
2 
6 
2 
3 
5 
2 
3 
2 

800 
2 
6 
0 
2 

700 
1 
3 
3 
0 
0 
1 
0 

33 
0 

preade~ 
6 
6 
4 
3 

20 
0 
3 

60 
1 

30 
4 
2 

36 
0 
0 
3 
1 
0 
8 
5 
4 

* II ' I  
Oolon Bacilli 

Fermentation Test ll 
48 Hours  Incubation /I 
0 
0 0  0 " s :  
9 9 1  "_ 
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  . . . . .  
. . . . .  . . . . . .  . . . . . .  ...... 
...... ...... . . . . . .  
. . . . . .  
. . . . . .  ...... ...... . . . . . .  
. . . . . .  . . . . . .  
. . . . . .  ...... 
. . . . . .  ...... . . . . . .  
....... 
. . . . . .  ...... . . . . . .  . . . . . .  
. . . . . .  . . . . . .  
. . . . . .  ...... ...... 
,. .... 
. . . . .  
. . . . .  . . . . .  ..... ..... ..... . . . . .  
. . . . .  
. . . . .  . . . . .  . . . . .  . . . . .  ..... 

- 
0 0  

=IO x:: 
" 

+ +  + +  
+ +  
+ +  + +  
+ +  
0 0  
0 0  
0 0  
O +  
0 0  
t +  
0 0  + +  + +  + +  + +  + +  
+ +  
6 0  
t .. 
t +  
O +  
0 0  
t +  
t +  
t +  

0 0  
0 0  
t +  
0 0  
0 0  
0 0  
t +  
O +  
t +  
t +  
0 0  
0 0  
0 0  
O f  
L O  - +  
0 0  
P +  

0 0  
0 0  
- 0  
0 0  
O f  
_. 

DATE 

1913 

Aug. 16.. ..... .. 16.. . . . . .  
" 16.. . . . . .  
" 16.. , . . , .. 16.. . . . .  .. 16.. . . . .  .. 18 ...... .. 18.. . . . .  
" 18.. ..... .. 18.. ..... 
" 18.. ..... .. 18.. . . . . .  .. 18.. . . . . .  
" 18.. . . . . .  
" 18.. . . . . .  
" 19.. ..... .. 19.. .... 
" 19 ...... 
" 19.. .... 
" 19.. ..... 
I' 19.. . . . . .  
" 19.. ..... 
" 19.. .... 
" 19.. ..... 
" 20.. ..... 
" 20.. ..... 
" 20.. . . . . .  
" 20.. ..... 
I' 20.. . . . . .  
" 20.. ..... 
" 20.. ..... 
" 21.. ..... 
" 21.. ..... 
" 21.. ..... 
" 21.. ..... .. 21.. ..... .. 21.. ..... 
" 21.. ..... 
" 21.. . . . .  .. 22.. . . . . .  .. 22.. ..... .. 22.. . . . . .  
" 22.. ..... .. 22.. ..... .. 22.. . . . . .  
" 22. ...... .. 22.. ..... .. 22.. . . . . .  
" 25.. ..... 
" 25 . ,  ..... 

This water, a8 io  seen, w a n  inadeanately  dosed with hypochlorite. 
- 

Batter 
6 
:4  k .  
- 4  * '  g 

3 I.-&. 
::E % b  

2 0  SJ 

Per  CC 
Count 

6 
4 
0 
0 
G 
6 
0 

148 
11 , 
0 
0 
1 

11 .. .. 
8 
3 

496 
0 
0 
0 
0 
2 

13 
3 
0 
5 
0 

200 
0 
0 
1 
0 
0 
10 
4 
6 
3 
3 

I. .. .. .. .. .. .. .. .. 
6 
6 
L 

Counts 

Count 
Pe r  CC - 

2 
1 
2 

48 
45 
1 
4 

GO 
9 
3 
0 
7 
4 
0 

100 
15 
0 

140 
0 
0 

'1 
0 
0 
2 
1 
0 
0 

100 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

19 
28 
0 

0 
4 
4 
0 
4 

9 .  

.. 

Colon  Bacilli 
Fermentation Test 

48 Hours Incubation 

0 
0 0  2 s : :  
9 9 3 .  "_ 
.... ., 
. . . . .  
. . . . . .  
. . . .  . ,  
.. . . I . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
...... 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
...... 
. . . . . .  
....... ...... 
. . . . . .  
. . . . . .  
. . . . . .  . . . . . .  
. . . . . .  
. . . . . .  . . . . . .  
...... 
. . . . .  . . . . .  
. . . . .  
. . . . .  . . . . .  . . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  . . . . .  
. . . . .  
. . . . .  
. . . . .  . . . . .  
. . . . .  ..... 
. . . . .  
. . . . .  . . . . .  
. . . . .  

a7"q 

r( ;I ': I: :::g::: 

0 0 . .  

0 0 0 . .  0 
0 0 0 . .  0 

k + . . + +  
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 

t + . . + +  
t + . . + +  

0 0 0 . .  0 
+ + .. O f  
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 

0 +  0.. 0 
o f  0 . .  0 

0 0 0 . .  0 
0 0 0 . .  0 
0 0 .: 0 0 
0 0 0 . .  0 
0 0 0 . .  0 

O f  t + . .  
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 

+ + . . + +  0 0 0.. 0 
+ + .. 0 4 -  

+ + . . + +  0 O . . +  0 
f + . . t +  

O f  O f . .  
0 0 0 . .  0 

o +  0 . .  0 
+ + .. -t + 

+ + . . + +  o +  0 . .  0 
O f  0 . .  0 

+ + 0 . .  0 
+ + 0 . .  0 

O f  0 . .  0 
+ + 0 . .  0.  
+ + 

-"" 

0 / 0 . . +  0 
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DATE 

1913 - 
Port Arthur 

Aug. 2 5 . .  ..... 
'( 2 5 . .  ..... 
" 2 5 . .  ..... 
" 2 5 . .  ..... 
" 2 5 . .  ..... 

2 5 . .  ..... 
" 2 5 . .  . . . . .  
" 25 ....... 
" 2 6 . .  . . . . .  
" 2 6 . .  . . . . .  
" 2 6 . .  . . . . .  
'' 2 6 . .  ..... 
I' 26 ....... 
'( 2 7 . .  . . . . .  
'' 27 ...... 

27 ...... 
'& 27 ...... 
" 27 ...... 
' I  2 7 . . . .  .. 

" 

T 

Field  Laboratory  Reports.  Laboratory at Port Arthur. ' T? 

Bacteri 

,*5 g 

a- m E *PI dlc 
Count 
Per CC 
" 

Hater 
3 
0 
3 
0 
0 

14 

0 
0 
0 
2 
3 
2 
3 
2 
0 
0 
4 

10 

.. 

aounts 

' L e  e *.o 
4 *' 

0 ' 2 8  g 
ZES2 
* Q g% 

Per CC 
Count - 

3 
1 
0 
1 
0 

30 
0 

10 
4 
2 
0 
2 
0 
3 
2 
0 
0 
0 
0 

Colon Bacilli 
Fermentation Test 

48 Hours Incubation 
37OO 

J 
1 0  ::: :: 
? 9 1  "- 
...... ...... ...... ...... . . . . . .  
. . . . . .  ...... 
...... ...... ...... 
...... ...... 
...... 
. . . . . .  
.. , .... ..,.. I .. 
. . . . . .  ...... ...... 

0 
J U V  > i m r l  0 0  

"_ 
0 

0 . .  0 
0 . .  0 
0 . .  0 
.. + f 
.. o +  
.. + + 

0. .  0 
0 . .  0 
0 . .  0 
0 . .  0 
0 . .  

0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  

n 0 . .  

! 

) W  

) I n  
: g  
" 

0 0  
t -+ 
t +  
O f  
0 0  
t +  
t i  
t +  
0 0  
0 0  
0 0  
0 0  
0 0  
O +  
0 0  
0 0  
0 0  
0 0  
0 0  

- 

* 

DATE 

1913 

Fort William 
July 2 8 . .  ..... 
Aug. 1.. ..... .. 1 .  ...... 

i' 2 . .  ..... 
" 4 . .  ..... .. 5 . .  ..... 
(' 7 .  ...... 
" 1 1 . .  ..... 
" 12 ....... 
" 1 2 . .  ..... .. 1 2 . .  ..... 
" 1 3 . .  ..... .. 1 4 . .  . . . . .  
" 1 6 . .  ..... 
" 1 8 . .  . . . . .  
" 2 1 . .  . . . . .  .. 2 1 . .  ..... 
" 2 1 . .  . . . . .  
" 2 1 . .  ..... 
" 2 1 . .  ..... 
" 2 3 . .  ..... 
" 23 ....... 
'' 2 3 . .  ..... 
" 2 3 . .  .... , 

23 ....... 

rp Water. 

Bacteri; 

010 

2)63: 
Count 
Per CC 

Nater 
22 
6 

14 
9 
4 

80 
5 
4 

11 
1 
8 
6 
0 

11 

94 
56 
20 
70 
10 
16 
12 

4 
3 

10 

.. 

Jounts 

4 *' I 

F.: 5$ 
ai 22 - 
Count 
Per CC 

0 
1 
1 
3 
0 

180 
0 
2 
0 
0 
0 
0 
2 
3 
0 
0 
2 
0 
0 
2 
.. .. .. 
.. .. 

' I  

I 

Colon  Bacilli 
Fermentation Test 

48 Hours Incubation 
37oc  

J 
3 0  ::: 8 
? ? $  "_ 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
.. ../.. 
.. 

. . ~ . .  .. 
:: I : :  :: 
. . / . .  .. 

. . I . .  

: : I . .  : :  

. .  ..!.. 

.. . . I . .  

. . . . . .  .. . . I . .  
I 

1 .. 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  . . . . . .  
. . . .  ., 

o +  
f + .. .. 
0 0 . .  
0 0 . .  
o +  .. 
0 0.. 
o +  .. 
0, n .. 

5 : :gix:  
~ 0 0 0  

3 L 0 3 t a m  ""_ 
0 

+ 0 .. 01 0 

0 0 .. 0 0 
o +  0 . .  

0, 0 0 0 .. 

0 ~ 0 . .  o +  
tjf 
0 : o . .  

+ + .. 

i- -t .. + t 
0 + .. o +  
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 

0 0 . .  
. . . . . . . . . .  

0 

0 0  
0 0  
t +  
0 0  
t +  

0 t 
+ 

O +  
t +  
0 0  
O +  
O +  
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I II I 
Oolon Bacilli 

Fermentation Test 
18 Hours  Incubation 

37*0 

Fermentation Test 
Colon Bacilli 

18 Hours Incubation 
37oc 1 4  

DATE DATE 

1913 1913 "- 
June  28.. ..... .. 3 0 . .  ..... 
J u l y   1 . .  ..... .. 2 .  . . . . . .  .. 3 .  . . . . . .  .. 4.  . . . . . .  .. 5 .  . . . . . .  .. 1 1 . .  . . . . .  

" 1 2 . .  ..... .. 1 4 . .  ..... .. 15. .  . . . . .  .. 16. .  . . . . .  .. 17.  . . . . . .  

J u n e  2 8 . .  ..... .. 3 0 . .  ..... 
July 1.. ..... .. 2 . .  ..... .. 3 . .  ..... .. 4 . .  ..... .. 6 . .  ..... .. 8 .  . . . . . .  .. 1 1 . .  ..... .. 14. .  ..... .. 15. ...... .. 1 6 . .  ..... .. 1 7 . .  ..... 

2 0 
10 6 
40 1 
21 0 

8 0 
21 3 
1 5 
1 4 

6 0 
10 0 
11 10 
21 1 

1 2 . 5  2 

.. .. 

. . .  

. . .  . . I  

. . . . .  . . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  . . . . .  ..... 

. . . . .  
_ - -  
2 B. Co 
_" 

. . . . .  

. . . . . .  

. . . . .  

. . . . .  

. . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
_" 
4 6 .  Ca 

--- 

.. . . . .  

. . . . . .  . . I . .  .. 

.. 

. . ::I:: 

.. .. I . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
- -,- 
11IB.ICL 

0 0  
0 0  
0 0  
0 0  
O +  
0 0  
4- + 
O +  
t +  
t +  
t +  
O +  

IO cc 
" 

" 

0 0  
0 0  
0 0  
0 0  
0 0  
t o  
f +  
t +  
t- + 
t +  
O +  
O +  

10 cc 
" 

" 

0 0  
0 0  
O +  
0 0  
0 0  

+ o  
i 0 
+ + 
0 0  + +  
+ +  
0 0  + +  

I 
" 

5 
28 
3 

10 
3 
3 
2 

21 
1 

16 

7 

0 
0 
1 

10 
6 
4 
3 
3 
1 

12 
4 
3 

3 
" 

" 

0 
3 
0 
G 
1 

18 
8 

10 
0 
3 
4 
1 

19 

5 

0 0 .. 
0 0 . .  
0 + 0 .  

0 + .. 
0 f .. 
. 0 .. 
0 + .. 

+.. 
0 0 . .  
0 + .. 

pe r 1 
"_ 
"_ 
0 0 * .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 * .  

0 0 . .  
0 0 . .  
. + .. 
0 + .. 
0 0 . .  
0 0 . .  
0 0 . .  

i p e r 1  
"- 

"_ 
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 1- . I  

f 4 ., 
.. 0 .  
O + .  
0 0 .  
0 0 .  

0 0 ' .  

I. 

._ I '  Averages ....... Averages ....... 1 
" 

2 
0 

18 
2 
8 
3 
0 
0 
1 
1 
1 
7 

3 

I- ~ 

June   28 . .  . . . . .  
J u l y   1 . .  ..... .. 2.  . . . . . .  .. 3 .  . . . . . .  .. 4 .  . . . . . .  .. 5.  . . . . . .  .. X .  . . . . . .  .. 11 ....... .. 1 4 .  ...... 

0 
0 

15 
15 
15 
30 
10 
0 

June   28 . .  ..... 
July 1.. . . . . .  

" 2 . .  ..... 
" 3 .  . . . . . .  
" 4. .  . . . . .  
" 5..  ..... 
" 8 .  . . . . . .  
" 11.. . . . . .  
" 14. .  ..... 
" 15 ....... 
" 16. .  ..... 
'' 17. .  ..... 

0 
2 
0 
0 
2 

15 
3 
0 
0 
0 
1 
3 

2 

-._. 

0 
3 
8 

16 
0 
6 

80 
0 
1 
1 
0 
1 
0 

8 

I 
I 

I 
I 

~ , ! 
0 

" 1 5 . .  ..... G 
" 1 6 . .  . . . . .  I 5  

17. .  ..... 1 .. 
" 

Averages ....... 8 

"" "- 

Averages ... 

June  28. .  . . . . .  , 3 
" 3 0 . .  . . . . .  ' 

J u l y  1.. . . . . .  l 
" 2.  . . . . . .  ~ 

" 3 . .  . . . . .  
" 4. . . . . . .  
" 5 . .  . . . . .  
" 8. . . . . . .  
i' 11.. . . . . . .  
'' 1 4 . .  . . . . .  
" 1 5 . .  . . . . .  
" 16. .  . . . . .  
" 17. .  ..... 1 

Averages ..... ..I 

June   28 . .  . . . . .  
" 3 0 . .  ..... 

July 1.. . . . . .  
" 2.  . . . . . .  
" 3 .  . . . . . .  
" 4 .  . . . . . .  
" 5 .  . . . . . .  
" 8 .  . . . . . .  
" 11.. . . . .  
" 1 4 . .  . . . . .  
" 15. .  ..... 
" 16. .  . . . . .  
" 17. .  .... 

1 
1 

240 
0 
0 

11 
5 
0 
0 
2 
4 
0 
0 

20 .3  

0 
5 

10 
5 

23 
40 

100 
G 
G 
3 
4 
8 
5 

1 6 . 5  Averages ....... 
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Zounts 

c a m o  
M 0Y.Z 
+ 2: 9.g 2 2 

.!;..I 
- w f i  

Per CC 
Count 

" 

0 
0 
4 
0 
1 
0 
9 
1 
3 
1 
0 
0 
4 

1 
" 

" 

0 
4 
2 
2 
6 
3 
6 

0 
1 
0 
1 
0 

2 

preade 

" 

0 
0 
0 
1 
4 
3 
1 
8 
0 
0 
2 
1 
2 

1 

Fermentation  Test 
Colon Bacilli 

48 Hours Incubation 
37OO DATE 

1913 

June 2 8 . .  ..... 
" 3 0 . .  ..... 

July 1 . .  ..... .. 2 ....... 
" 3  ....... 
" 4  ....... 
" 6  ....... 
" 8 . .  ..... 
" 1 1 . .  ..... 
" 1 4 . .  ..... 

I' 1 5 . . . . . .  . 
" 16 ....... 
(' 1 7 . .  ..... 

Averrges ...... 
June 2 8 . .  ..... .. 3 0 . .  ..... 
July 1 . .  . . . . .  

" 2 . . . . . . .  
" 3 . .  ..... 
" 4 . .  . . . . .  
" 5. . . . . . .  
" 7  . . . . . . .  
" 8 .  . . . . . .  
" 9 .  ...... 
" 1 0 . .  ..... 
" 11. .  .... 
" 1 2 . .  ..... 
'' 1 4 . .  ..... 
" 15 ....... 

"- 

Averages ....... 
June 2 8 . .  ..... 
July 1 . .  ..... 

'( 2 . .  ..... 
" 3 . .  ..... 
" 4 . .  ..... 
" 5 . .  ..... 

7 . .  ..... .. 8 .  . . . . . .  
' I  9 . .  ..... .. 1 0 . .  . . . . .  
" 1 1 . .  . . . . .  
' I  1 2 . .  ..... 

1 4 . .  ..... 
15. .  ..... 

" 

Averages ....... 

DATE 

1913 
"" 

June 2 8 . .  ..... .. 3 0 . .  ..... 
July 1 . .  ..... 

" 2 . .  ..... 
" 3 .  ...... .. 4 .  ...... 
" 5. .  ..... 
" 8 . .  ..... 
" 11 ....... 
" 1 4 . .  ..... 
" x i . . . . . . .  

16 ....... 
" 1 7 . . . . . . ,  

Averages ...... "- 
June 2 8 . .  ..... 

30. ...... 
July 1.. . . . . .  .. 2 . . . . . .  

" 3 . .  ..... 
" 4 .  ...... 
" 5. .  . . . . .  
" 8. ...... .. 11.. .... 
" 1 4 . .  .... 
" 1 5 . .  . . . . .  .. 1 6 . .  .... 
" 17 ...... 

Averages ...... 
"" 

June 2 8 . .  .... .. 30 ....... 
July 1.. ..... .. 2 .  . . . . . .  

" 3 .  ...... .. 4 .  . . . . . .  
" 5. ...... .. s .  . . . . . .  .. 11.. . . . . .  .. 1 4 . .  . . . . .  
* 1 5 . .  . . . . .  .. 16 ....... .. 17 ...... 

Averages ...... 

"_ 
0 

> v u  > 0 0  
4 m r (  "- 
0 0 .. 
0 0 . .  
0 0 . .  
0 0 . .  
0 0 .. 
0 0 .. 
0 0 ., 
o +  .. 
. 0 .. 
o +  .. 
0 0 ., 
0 0 . .  

0 0 .# 

0 0 . .  
o +  . #  

o +  .. 
0 0 . .  
t + .. 
0 + .. 
O '  

OI.. 

0 01.. 
0 oi.. 
0 0 .. 
t 0 .. 
t + .. 
0 0 . .  
1- + .. 
0 01.. 
0 +I.. 
0 +~..  
t +'.. 
0 +~..  

~ 

1 I:: . 
: g  

+ i  o 
O1 O 01 0 
01 0 
01 0 I 

" 

i !-t 
+ t  

+ + .  

DO cc 

0 -i 

-_ 
" 

oi o 

Oi 1 
:I+ 
0~ + 
O f  + +  
0 0  + +  
+ +  
+ +  
-- 
IO cc 

0 +  
0 0  
t o  
O +  
0 0  
t +  
O f  
t +  
t +  
t +  
0 0  

" 

- : 1; I? 
" 

..... .  

. . . . . .  

. . . . . .  . . . . . .  

. . . . . .  . . . . . .  ...... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
- * *  " *.I. .  
12 Cl B. _-- 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  ...... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
"- 
2 

- -i- 

CI B .  

. . . . . .  

. . . . . .  

. . . . . .  

...... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

...... _" 
1iB. Ca 

I 

) O  / z  
1 u 3  

-- 
0 0  
0 0  
0 .o 
0 0  
0 0  
t o  
t +  
t +  
0 0  
t +  
t f  
1- 0 
t +  

IO cc 
" 

" 

0 0  
0 0  
0 0  
0 0  
O +  
O +  
t +  
t +  
0 0  
O +  
0 0  
0 0  
t +  
" 

IO cc 
" 

0 0  
0 0  
0 0  
0 0  
0 0  
t o  
O +  
t +  
O +  
0 +  
t +  
0 0  
t +  
" 

IO cc 
I 

0 
8 0 0  
0 0  m r (  _" 

0 0 . .  
0 0 . .  
0 0 . .  

O ' . .  
0: 0 .. 
0 0 .. 
o +  .. 
I- + .. 
. 0 .. 
o +  .. 
0 + . .  
01 0 .. 

01 

0' 0 .. -1- - 
pe r l  --- 

0 0 .. 
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 + .. 
, 0 .. 
o +  .. 
0 0 . .  
0 0 . .  

-i- - 

01 0 .. 
01 0 .. 
0 0 .. 
0 0 . .  
0 0 . .  
o +  .. 
0 0 .. 
0 0 . .  
. 0 .. 
0 ,  0 .. 
0 0 .. 
Oi O .. 
01 0 .. 

IQe r 1 

_" 

" 

-.  

1 

. i  

-I- 

.I 

0 . . I . : . .  
1 .. * *  .. 
1 .. * .  ,. 
5 . . . . . .  
1 . . . . . .  
4 ...... 
4 ...... 
0 ...... 
0 . . . . . .  
1 . . . . . .  
0 ...... 
0 . . . . . .  
0 I . .  .... 

"" 1 418. Ca 

--,-,- - 
1 

0 . . . . . .  
1 . . . . . .  
0 ...... 
0 . . . . . .  ::/ .... 

.... 
1 l . . i . . I . .  
0 ....... 

28 ..I.. .. 
10 . . . . . .  
0 ...... 
0 . . . . . .  
0 ...... 
2 . . . . . .  
0 ..;. 1 . .  

0 
2 
2 

10 
8 

22 
6 
5 
1 
6 
6 
2 
1 

5 

0 
6 
2 

28 
5 
5 
0 
2 
0 
6 
6 
0 
2 
9 
4 

" 

-I- 
I li 
" 

2 
7 
1 

13 
17 
12 
3 
3 
1 
2 
5 

18 
34 

- 1 -  

9 
" 

0 
17 
28 
9 
G 
8 

'!Ii - 8 -  
5 2 '13  B. Ca "1- - - 

0 . . I . . . .  
. . . . . . . .  
0 . . . . . .  
0 ...... 
1 ...... 
0 ...... 
9 . . . . . .  
0 .. , .... 
1 . . . . . .  

8 . . . . . .  

.. 
0 

6 
0 
9 
5 
8 

14 
0 
8 
3 

10 
4 
5 
4 
4 

I ,  
5 
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(' 4 . .  . . . . .  
" 5 . .  ..... 
" 8. . . . . . .  
" 9. ...... 
" 10.. . . . . .  
" 11.. ..... 
" 12.. ..... 
" 14.. ..... 
" 15.. . . . . .  
" 16.. ..... 

Averages ....... 

" 

" "7.. ..... 

- 
22 67 

140 
12 
21 
36 
80 
18 
6 
6 

60 
GO 
10 
14 
60 

100 
120 

- Detour to Point 

(Mud Lake) 
Everens 

119 
118 

120 
121 
122 
123 
124 
125 
126 
127 
128 
128 
130 
131 
132 
133 

- 
130 

4 
21 
10 
16 
41 
5 
2 

10 
8 
3 
6 

11 
15 
26 - 

" 

I 

I 
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; Bacterial Oounts Oolon Bacilli Bacterial Counts 

._ 
Oolon Bacilli 

48  Hours Incubation a v i  a.,,k s g d ,  d, *' 
~~ &,.; 

Fermentation Test 

-4"; 3790 
DATE 3700 DATE dNapPdpoPP 

2 go .:a 2 g d  ' 2 4  g 
'c: a m - m  o ce-+ v a crd&.4uuo&clu,u u" v v v  

d v) v) 2 9 Per co Per co m 

0 0 0  1 y 2 r m & N u  Ud&+U a .z v a b - d l o  a m - m a  

1913 2 Count Count o v Q g S 1913 Count 
m 3 2 1 0 9 PerCC PerCo 
8 8 0 :: o r( o Count 

,"." - """"" "- - _""" 
..... .. .... Sault. Ste. Marie, 

O O O . . + +  .. 18 0 0  0.. + . . . . . .  0 July 2 . .  ..... 12 

+ 0 + + + 60  60 July 16.. 
Ontario. tap water. + + .. -t + 0 .... 43  43 " 1:. ...... 

....... . . . . . .  . . . . . .  0 o + . . +  . ..... 1 10 " 3 .  

July 8 . .  -t- -t + 0 + 24 0 * 
" 5.. ..... 

Michigan, tap + f .. f + ...... 20 16 * 
" 5.. ..... 

I 
" 4 .  ...... 

o + + . . + +  0 .. 7 16 " 11.. ..... 
+ + + + 0 0 .. 18.. O f + + +  0 . .  .. 5 12 " 10.. ..... 

" 9.. ..... 
4- + .. o +  0 0 .. 10  150 " 16.. 

O f . . + +  0 0 .. 3 60 " 15.. + +  0.. o +  0 .. 1 9 " 8. . . . . . .  
+ + + 0 0 1 32 " 14.. + + .. + 0 0 .... 0 11 " 8. ...... 
+ 0 0 0 0 7 9 " 12.. o + . . + +  . . . . . .  0 4 (( 7.. ..... 
+ + + 0 0 2 35 " 11.. + + . . + +  ...... 2 6 7.. ..... 
+ + + 0 0 2 10 " 9.. ................ 120  40 * 

" 5.. ..... 
+ + o +  0 1 7 

water . . . . . .++..+-I-  61  12 * 
" 5.. ..... 

* *  + + *. . * 18 
"" """" 

' Saul1 Ste. Marie, 

.... .. .... . . . . .  .. ..... .. .... 
..... .. .... 
..... .. .... ..... .. .... 
. . . . .  
..... 

" 9 . .  ..... 1 O f + . . + +  0 .. 2 30 ....... .. .... ..... .. .... 3 + + + 0 0 1 36 '' 17 o + + + . . + +  .. 0 

"" "_""" 
6 L  11.. ...... Steei Works, + + + o 0 o o . . 5 1 
" 12.. ..... ;tzep"' -k + .. o +  0 0 .. 10 20 
" 1 2 . .  . . . . .  o + . . + +  0 0 .. 3 60 July16 ....... -k + O f  0 .. 5 10 
" 14.. ..... 
" 15.. . . . . .  

+ + .. + 0 + .... 0 .. " 17.. . . . . .  4- + .. + + 0 .... 41 14 " 14.. ..... o + + . . + +  . . . . . .  43 " 16.. . . . . .  O f + + + +  .... 1 28 

* 28 1 

+ + . + a +  0 0 . . . . . . . .  .. * " 15.. ..... 
+ + .. + + 0 . . . .  4 17.. ..... O + + + +  0 .... 4 ti5 * " 15.. ..... 

O f . . + +  0 . . . . . .  62 16.. ..... + + .. + 0 0 .... 

' Where  several  samples  appear for the aame  day  the  samples  were  taken  at different times. asually at hourly intervala. 
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. July 2 9 . .  .... , 
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(' 2 .  . . . . . .  
" 4 . :  . . . . .  
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"- 
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'( 2 . .  . . . . .  
" 4 . .  . . . . .  .. 5. . . . . . .  

~~ ~~~~ 

INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field Laboratory Reports, Laboratory at Sarnia, Ont. Waters of Lower End of Lake Huron. 
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22 
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1F 
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65 

.. 

129 .5  
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preade 

11 
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29 
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6 
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.. 
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9 . . . . . .  
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"" 

"" 
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9 
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.. 
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8 
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10 
3 

33 
5 
6 
3 

9 
" 
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37OC 
u 0 0  m 

"- 
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...... o + . .  
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- """_ 
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DATE 

1913 
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" 30..  ..... 

31. .  . . . . .  
Aug. 1.. ..... 

u 2  . . . . . . .  
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i G  3 $5:; 
jp.2 & 
!$Z2i  
Per CC 
Count 

5 
0 
4 

68 
14 

3 
8 
7 
9 

' 2  .. 
5 
9 
2 
9 
9 
3 

17 
1 
2 
4 

5 
- 

1 
35 
6 

12 
5 
3 
5 

13 
7 
5 
4 
6 
5 
3 
6 
7 
4 

11 
4 

$ 3  
1 

6 

. 
7 1 Oolon Bacilli 

i Fermentation Teat 
48 Hours Incubation 

a700 

8 
c 
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DATE 

1913 "- 
July 29 ....... 

" 30 ....... 
" 31 ....... 

Aug . 1 ....... 
(( 2 ....... 
" 4  ....... .. 5 . . . . . . .  
'' 6 ....... 
'( 7 . . . . . . .  
" 8 ....... .. 9 . . . . . . .  
Id 11 ....... 
" 12 ....... 
Id 13 ....... 
" 14 ....... 
" 15 ....... 

16 ....... 
" 19 ....... 
Id 20 ....... . " 21 . . . . . . .  
' I  22 ....... 

Averages ...... ' 

July 29 ....... 
" 30 . . . . . . .  
" 31 ....... 

Aug . 1 . . . . . . .  .. 2 . . . . . . .  
" .4 ....... 
'( 5 . . . . . .  .. 7 . . . . . .  
'' 8 ....... .. 9 . . . . . .  
" 11 ...... 
" 12 . . . . . .  
" 13 ....... 
" 14 . . . . . .  
" 15 . . . . . .  

. " 16 ...... .. 19 . . . . . . .  
" 20 ....... 
'( 21 . . . . . .  
(' 22 ....... 

Averages ...... 

. . 

" 

" 

. . 
f 
. . * 

E 

9 

M 
.I 

a 

. m 

30 

. 

31 

12 
17 
7 

20 
21 

5 
14 
22 

420 
8 

14 
1 4  
8 

12 
12 
7 
4 
4 

15 
3 
3 

30.5 
. 

20 
26 
6 
9 

4 
1 4  
7 
3 

12 
17 
15 
6 
8 

8 
3 
5 
4 
0 

preade 

.. 

8 

6 
4 
4 

17 
2 
3 
7 
3 

22 
9 
3 

.. 

. . 
I 

Fermentation Test 
Colon Bacilli 

48 Hours Incubation 
37oc 

preadel 
2 
5 
4 
1 
2 
9 

12 
5 
2 
3 
5 
8 

13 
8 

4 
10 
5 
4 
1 

5 

.. 

. 
0 
0 0  : s : :  
? ? T !  -" 
...... ...... ...... 
...... ...... ...... ...... ...... ...... 
...... . . . . . .  . . . . . .  
...... 
...... ...... ...... ...... 
...... ...... ...... ...... "- 
7 B . Co 

-" 

...... ...... ...... 

...... 

. . . . . .  

. . . . . .  ..I . .  .. 

. . . . . .  

...... 

. . . . . .  ..I.. .. 

..I . .  
* I  

. 
0 

1 0 0  
1 0 0  
4 H LO "- 
0 

.. 0 0 

.. 0 0 
e .  + 0 
.. 0 0 
.. 0 0 
.. 0 0 
.. 0 0 
.. 0 0 
.. o +  
.. o +  
.. 0 0 
.. o +  
.. 0 0 
.. 0 0 
.. o +  
.. 0 0 
.. 0 0 
.. o +  
.. 0 0 
.. 0 0 
.. 0 

I p e r l  
"_ 

"- 

0 
o +  

.. 0 

.. 0 0 

.. 0 0 

.. 0 0 

.. 0 0 

.. 0 0 

.. + + 

.. 0 0 

.. 0 0 

.. 0 0 

.. 0 0 

.. 0 0 

.. 0 0 

.. 0 0 

.. 0 0 

.. 

0 0 .. 
0 0 .. 
0 0 .. 
i p e r l  

01 
.. 0 

"- 

. 
> o  > v  a o  
a v )  

t +  
t +  
e +  
t +  
t o  
O f  
t +  
t +  
t +  
t +  
t +  
t +  
t +  
O +  
O +  
0 0  
0 0  
0 0  
t-+ 
0 0  
O f  

IO cc 

" 

" 

" 

t +  
t +  
O +  
0 0  
t +  
t +  
t +  
O +  
O +  
O +  
t +  
t +  
0 0  
O +  
0 0  
0 0  
0 0  
0 0  
0 0  
O +  

10 cc 
" 

DATE 

1913 

July 29 ....... 
" 30 ....... 
' I  31 ....... 

Aug . 1 ....... 
(' 2 ....... 
" 4 ....... 
" 5 . . . . . . .  
u 6  ....... 

. . . . . . .  
8 ....... 

" 9 . . . . . . .  
11 ....... 

' I  12 ....... 
13 ....... 
14 ....... 
15 . . . . . . .  
16 ....... 
19 . . . . . . .  
20 ....... 
21 ....... 
22 ....... 

Averages ....... 

July 29 ....... 
30 ....... 
31 ....... 

Aug . 1 ....... 
u 2 ....... 
I( 4 ....... 
y 5  . . . . . . .  

6 ....... 
u 7  . . . . . . .  
' I  8 . . . . . . .  
" 9 . . . . . . .  
I' 11 ....... 
" 12 . . . . . . .  
" 13 . . . . . . .  
" 14 . . . . . . .  
I' 15 . . . . . . .  
" 16 . . . . . . .  

19 . . . . . . .  
20 ....... 

" 21 . . . . . . .  
22 ....... 

Averages ...... 
. 

Not included in  averages . 

. . 
I 

18 
33 
5 

24 
14 
2 

17 
16 
9 
4 

16 
17 
11 
11 
14 
6 
3 

22 
a 
0 
3 

12.04 
. 

250 
52 
7 
8 

11 
9 
8 
3 

12 
10 
13 
27 
24 
6 
9 
8 

65 
7 

17 
3 
4 

26.3 
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Oolon Bacilli 
Fermentation  Teat 

48 Hour8 Incubation 
81OC 

e) Colon Bacilli 

im$ 48 Hours  Incubation 
Fermentation Tent 

3I0C 

- - -" - _" 
3 ...... o +  .. + +  
3 ...... 0 0 . .  0 0  
8 ...... 0 0 . .  o +  
5 ...... o o . . o o  
3 ...... o o . . o o  
2 ...... 0 0 . .  o +  
7 ...... o o . . + +  
6 ...... 0 0 . .  0 0  
4 ...... o + . .  O f  . . . . . . . .  0 o . . + +  
3 ...... 0 0 . .  0 0  
6 ...... 0 0.. 4 

3 ...... 0 0 . .  1 

. . . . . . . .  O O . . '  
31 ...... 0 0 .. 

2 ...... ( 

2 ...... 1 
9 ...... 1 

6 ...... ' 

5 3 B. Co li 

5 ...... 0 0 . .  I 

6 ...... 0 0 . .  1 

""" 

.""- 

3 ...... 
2 ...... 

15 ...... 
12 .... , .. 

I Counts - 

P e r  CC 
Count 
- 

6 
2 
9 

26 
0 
6 
3 
6 

preade .. 
7 

12 
7 
2 
9 
8 
9 
5 

)read( 
7 
0 
3 

Bacteri 
i 

!2zSg 
Count 
Prr CC 
" 

8 
16 
6 

10 
1 4  
18 
39 
8 

18 
3 

16 
23 
1 4  
12 
12 
7 
3 
4 
6 
0 
2 
4 - 

1 1  
" 

12 
74 
4 
9 

16 
7 

15 
9 
9 

12 
22 
21 
9 
7 

1 4  
7 
5 
3 
6 
2 
1 

69 - 
15.1 

I 

DATE 

1913 

DATE I 
1913 * 

July 2 9 . .  ..... 
" 3 0 . .  ..... 
" 31 . .  ..... 

A u g .   1 . .  ..... 
" 2  ....... 
4 4  ....... 

6 . .  ..... 
6....... 

" 7 . .  ..... 
" 8  ....... 
" 9  ....... 
66 11.. ..... 
u 1 2 . .  ..... 
'' 1 3 . .  ..... 
" 1 4 . .  ..... 

1 5 . .  ..... 
'' 16 ....... 
" 19 ....... 
4 20 . .  ..... 
4 2 1  ....... 
4 22 ....... 

AvCrlgCS * - - * * * 

J u l y   2 9 . .  ..... 
" 30 ...... 

Aug. 1 . .  .... 
64 2 .  ..... " 4 . . . . . .  
4 5 . . . . . .  

6 . . . . . .  
" 7 . . . . . .  
u 8.. . . . .  .. s...... 
'1 1 1 . .  .... 
" 1 2 . .  .... 
" 1 3 . . . . . .  
" 1 4 . . . . .  . 
4 16 ...... 

16 ...... 
" 1 9 . .  .... 

2 0 . .  .... 
21. .  .... 
2 2 . .  .... 

" 23 ...... 
Averrues ...... 

31 ....... 

5 
> '  - .  

< 
j c  
" 

r 

:r 

"" 

4 6 .  c 
"" 

..... ..... ..... ..... ..... 

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  ..... 

. . . . .  

. . . . .  

. . . . .  
12 

.... 4 
, . ... 0 

. . . . .  2 

. . . . .  2 

. . . . .  3 

. . . . .  3 

. . . . .  8 

. . . . .  

5 4 6 . 1  
"" 

V 

2 s "  >,-I  0 
? ? l  "_ 
...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... .... ., 
. . . . .  . . . . .  ..... ..... ..... 
..... ..... 

x x o ' l x g  

0 

0 0 0 . .  0 

+ '  + .. o +  
0 0 0 . .  

0 0 "  

4 U r l N v )  ""_ 
o + . . + + ,  
0 

O + I  0 0 . .  

0 ;  0 0 . .  

0 0 . .  + + I  

i 0 

.. 4 o +  
o . . i  0 

0 0 0 . .  

0 . .  0 
0 . .  0 
0 . .  D 
0. .  D 
0 . .  0 

-1 .. o +  
o . . +  0 

1 0 . .  0 

.- 
I t  ._ 

- 
1 

I- -I- 
July 2 9 . .  ..... .. 3 0 . .  ..... 

" 3 1 . .  ..... 
A u g .   1 . .  ..... .. 2 . .  ..... 

" 4  ....... 
'1 5 . .  . . . . .  

6 . . . . . . .  
7 . .  ..... 

" 8  ....... 
I' 9 . .  . . . . .  

12 
9 
6 

18 
2 
3 
17 
5 

14 
4 

22 
14 
7 

18 
56 

13 
1 4  
6 
5 
2 

12.3 

.. 

- 

- 
19 
23 
3 

25 
14 
15 
12 
16 
9 

1 4  
8 

32 
11 
12 
8 

7 
3 

15 
1 4  
0 

260 

24.7 

.. 

- 

D + '  
- + ,  
- + ,  
O +  
8 0  
0 0  
0 0  
O f  
0 0  
0 0  
O +  
t o  
" 

- +  

D O  
D +  
O +  
0 0  
0 0  
t +  
0 0  
0 0  
0 0  

IO cc  

I 

" 

" 

t +  
t +  
O +  
0 0  
0 0  
O +  
0 0  
t +  
+ +  
t +  
+ +  + +  
O +  
O +  
O f  
0 0  
0 0  
O f  
0 0  
0 0  
0 0  
0 0  

00 CC 

" 

" 1 1 . .  ..... 
" 1 2 . .  ..... 
" 13 ....... 
" 1 4 . .  ..... 
'' 15 .  ...... 
'' 16 ....... 
" 1 9 . .  . . . . .  
" 20.. .... 
" 21. .  .... 
" 2 2 . .  .... 
" 2 3 . .  .... 

...... "- Averages 

July 2 9 . .  .... .. 3 0 . .  .... 
'' 31 ...... 

A u g .   1 . .  . . . .  
" 2 . . . .  . .  
" 4 . . . . . .  
" 5 . . .  ... 
" 6 . . .  ... 
'1 7 . .  . . . .  

8. ..... .. g . . . . . .  
" 1 1 . .  .... .. 1 2 . .  . . . .  
" 1 3 . .  .... 

14 ...... 
" 1 5 . .  .... 
'' 1 6 . .  .... .. 1 9 . .  . . . .  
" 2 0 . .  .... 
" 2 1 . .  .... 
" 22 ...... 

2 3 . . .  ... 

Averages ..... 

D +  .. 
D 0 . .  
D 0 . .  
0 0 . .  

p e r 1  
"_ 
"_ 
0 0..  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
+ + .. 
o +  .. 
o +  .. 
0 0 . I  

0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 .  
0 0 .  
0 0 .  
0 0 .  
0 0 .  
0 0 .  
+ 0 .  
"- 
,I p e r  

0 
0 

0 . .  

0 . .  0 
0 . .  0 
0 . .  

pe r 1 
"- 
"- 
o +  

0 . .  0 
0 . .  0 
0 . .  0 
0 . .  0 
0 . .  0 
0 . .  0 
.. o +  
.. 

o +  .. 
0 0 . .  
0 0 . .  
0 o . ,  
0 0 . .  
0 0 . .  
0 0 .  
0 0 .  
0 

0.. 0 
0 .  0 
0 .  

0 0. 

li p e r  

0' .. 0 

O O t  

"_ 

-- 
o li 
" 

I .  

I .  *. 
.. .. .. 
-. 
co I 

6 - 
.. 
7 
5 

15 
3 
2 
3 

12 
4 

12 
5 
6 
2 

.. 

I 
-1- " 

. I  t +  
t +  
t +  
0 0  
0 0  
0 0  
t +  
O f  + +  
t-k 
Q" +-I- 
O + +  +> 
0 0  
0 0  
0 0  
0 0  
O +  
0 0  
O f  
0 0  

00 CP 
" 

2 . . . . . .  
6 ...... 
6 ...... 
5 ...... 
4 ...... 
7 ...... 
9 ...... 
5 ...... 

tpreader ...... 
4 . . . . . .  

12 . . . . . .  
rpreader'. . . . . .  

3 . . . . . .  
;preader . . . . . .  

9 ...... 
8 .. I .  .( 
4 . . . . . .  
6 7 B. CI 

. . . . . . . .  

"" 

.. 
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Colon  Bacilli 
Fermentation  Test 

48 Hours  Incubation 
37oc  

I $  Counts 

Count 
Per  CC 

22 
1 
5 

12 
1 
3 
6 

0 

4 
36 
7 
3 

6 

1 
3 
2 

5 

6 

.. 

.. 

.. 
preadei 

preadel 

Batter 
I .  
IUS i o  M l a E  

i.;.& m+ k *  

20 ld < 1szS: 
Per  GO 
Count 

" 

0 
9 
2 

37 
7 

12 
12 

14 
4 

23 
22 
8 
7 
9 
6 

62 
9 

22 
5 
3 
9 

1 4 . 1  

.. 

- 

Fermentation  Teat 
Colon  Bacilli 

48 Hours  Incubation 
$ 
e 
El .- 

DATE B 
bo .- 
e 

1913 
a 

m ! 

!I 87OC 
- 
0 0  

8 0 "  
N I O  
" 

O +  
0 0  
O f  
0 0  
0 0  
O f  + +  
O f  
t +  
0 0  
0 0  
O f  

+ o  
O +  
0 0  
0 0  
0 0  
O +  
0 0  
0 0  
i -  
O f  
t 

30 cc 

O f  + +  
0 0  + +  
t +  
t +  
t t  
0 0  
t +  
t +  
+ +  
O f  
O f  

" 

-- 

" 

DO cc 

+ +  
0 0  
0 0  + +  
0 0  

" 

"1: 
- 00 cc 

2 , . $  0 1  

? ? e  "_ 
. . . . . .  
...... 
. . . . . .  
...... 
...... 
. . . . . .  
...... 
. . . . . .  
.. *I. . ! ,* . .~..  

..& 
I..!.. 
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. * * I . .  . . . . .  
. . . . .  
. . . . .  . . . . .  "- 
8 5.  CI 
"d 

. . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  . . . . .  
. . . . .  . . . . .  
. . . . .  . . . . .  

l V V " V  
D 0 0 1 0 0  
4 u J O r t N u J  

0 0 0  

_"" 
0 

o +  + + . .  
0 0 0 . .  0 
0 0 0 . .  0 

o +  0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
+ + 0 . .  0 
0 0 . 3  0 
+ + 0 . .  0 

0 +  0 . .  0 
+ 3 0 . .  0 
+ + .. -t. t 

o +  0 . .  0 
+ + 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
+ + .. o +  
+ -t .. o +  
+ + 0. .  

i p e r l 0 0 c c  
""_ 
""_ 
O f . . + +  
o+..++ 
0 + + 0 . .  

0 0 . .  0 0 
0 
0 

o +  0 . .  

0 0 . .  + + 
o +  .. + + 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 

O f  0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 

o +  0 . .  0 
0 0 0 . .  0 
+ + 0 . .  0 
+ + .. O f  
+ + 0 . .  0 
0 0 0 . .  

li pe r l  00 cc 

0 0, 0 0 . .  

""- 

1: 
-I- "" i- 

July  29. .  ..... ' 40 
" 3 0 . .  ..... 

31 . . . . . . . I  
Aug. 1.. ..... i 

2 ....... ~ 

4 ........ 
5 ....... ~ 

I' 6 . .  ..... 
'$ 7..  . . . . . .  
" 8 . .  ..... , 
" 11.. ..... 
" 12. .  . . . . .  .. 13. .  ..... 
I' 14. .  . . . . .  i 
" 15. .  ..... ~ 

I' 1 6 . ,  ..... 1 

" g . ,  . . . . .  ~ 

" 19.. . . . . .  j 
" 20...  .... 
I' 22.. ..... , 
" 23.. ..... 

Averages ....... 1 
21.. . . . . .  i 

-I- ""- 
July  29.. ..... 38 

" 30 ....... 
" 31.. ..... 

Aug. 1.. . . . . .  .. 2. .  ..... .. 4.. ..... .. 5 . .  . . . . .  
" 6 . .  ..... 
'< 7 . .  ..... 
" 8.. ..... .. 9 . .  . . . . .  1 .. 11.; ..... .. 12. .  . . . . .  I 
u 14. .  . . . . .  i 

I 
" 16. .  ..... 

" 13. .  ..... ~ 

15 I .. ....... 
" 19. .  . . . . .  
" 20.. ..... .. 21. .  ..... .. 22.. ..... 
" 23 . . . . . . .  

' I  . . .... 
...... 

0 0 . .  

0 0 . .  ...... 
0 0 . .  . . . . . .  
0 0 . .  

o + . .  . . . . . .  
.. 0 0 . . . . . .  

0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  

.. 0 0 . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
o + . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  ...... 

2 5 .  C o l i  pe r l  
""" 

""" 

. . . . . .  

0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  
0 0 . .  . . . . . .  

0 0 . . . . . .  
+..  0 . . . . . .  

O f . .  . . . . . .  
0 0 . .  . . . . . .  
o + . .  . . . . . .  
0 0 . .  . . . . . .  

.. o +  . . . . . .  

.. ,o 0 

""" 

7 r '  pe C o l i  B. 

...... 0 0 .  

...... 

0 0 .  ...... 0 0 .  ...... 0 0 .  ...... 
0 0 .  ...... 
0 0 .  

1 5 .  C o l i  pe r 

""" 

""" 

7 
6 

1 4  
15 
7 
4 
4 

?reader 
0 

25 

8 
" 

- 
8 
3 

40 
9 
4 
2 

1 4  

1 

26 
10 
6 
2 *  
6 

14 
4 
1 
3 
1 
0 

30 

B 

.. 

.. 

- 

12 
s 
9 
8 
6 
3 

16 
4 
4 

86 

16.3 

18 
39 
70 
46 
12 
3 

22 

7 
35 
8 

25 
14 
8 

15 
12 

400 
preade 

15 
2 
9 
3 

3 8 . 1  

.. 

- 

.- 

. _  j Averages .... ...I 
AJg. 18..  . . . . .  ~105 .. 18. .  ..... 106 

" 18. .  . . . . .  ~ 107 .. 18. .  . . . . .  ~108 
" 1 8 . .  . . . . .  ,109 

" 18. . . . . . .  1111 
I' 18. .  . . . . .  112 

" 18.. ..... I114 .. 18..  . . . . .  1115 .. 18. . . . . . .  ~116 .. 18. ...... ~117 

" 18. .  . . . . .  i11o 

18 . .  . . . . .  ~113 

Averages. 105-117 
omitting  105,  110 
111,  inc. ...... 
Aug. 18. .  ..... 1.18 

" 18. .  . . . . .  119 
" 1 8 . .  ..... 12Q, 
" 1 8 . . .  .... 121 

18.. ..... 122 
ls....... 123 

- - 

Averages 118-123 
inc. ........... 

3 
6 
4 
6 

32 
26 
45 
7 
8 
9 

160 
48 
28 

29.38 

120 
100 

42 
60 
28 
50 
80 
35 
68 
33 

150 
200 

8 - 
74 .30  

32 
22 
58 
33 
24 
19 

July 29.. . . . . .  39 
" 3 0 . .  ..... 
" 31 ....... 

Aug. 1.. . . . . .  , 
'( 2. .  . . . . .  ~ 

" 5.. . . . . .  ' 
" 4 . .  ..... ~ 

" 7.. ..... ~ 

9 . . . . . . .  1 
(' 6. . . . . . .  

SI s......,~ 

11 1 
1 2 . .  I 
13. ...... 

.L 14..  ..... .. 1 6 . .  ..... 
'' 16. . . . . . .  .. 19 ....... 
" 20 . .  ..... 
" 21.. ..... 
44 22.. ..... 
" 2 3 . .  ..... 

.i( ....... 
<' . . . . .  
a4 

Averapcs ....... 

...... ...... ...... 

...... ...... ...... "- 
4 8 .  Ct 

25 
4 
6 
8 
9 
2 

5 
- 

31'.3 
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~ _____.. ~ "" ~- ~~-.___- ~ _ ~ _  ~ ~ - . - ~ " _ _  
Bacterial  Counts Colon Bacilli 

48  Hours Incubation 
Fermentution  Test 

37oc DATE 

'1 a m - m  Z L Z e  X 
* m * 10 3 9 0 Per cc Per cc m 

2 0 Count count 2 
0 HdPl*eHnPlNH, a g 

- 

1913 
u v v  

0 v o * o  0 0 0 0 

"- - - - - -"" -" 
A U g . 1 8 . - .  .... + + .. + 0 ...... 142 150 124 

" 1 8 . .  ..... 1- -1- .. + + ...... 66 160 125 
""""" 

Averages Nos. 124- 
125 inc ........ O O c c .  per1 Coli BOB. 104 155 
""" """ - 
A u g . 1 8 . .  ..... 0 ; -  .. 0 0 .: .... 5 7 12B 

1 8 . .  ..... '127 4 

...... 1 8 . .  ..... 130 
O . . "  0 ...... 0 8 1 8 . .  ..... 129 

- ! - ! - I  .. 0 0 ...... 4 18 18.. ..... 1128 
! I +  0 . .  0 ...... 3 

I O O . . ] j O  6 1 8  

Averages, No. 126- 
130 Inc ........ OOcc r l  pe C o l i  B. 2 3 9 """""- 

Aug.   25 . .  ..... 

OOcc r l  pe C o l i  B. 4 14.5 30 Averages ....... 
-t 4- .. 0 0 ...... 17  39 132 2 5 . .  ..... 0 + .. 0 0' ...... 12 21 131 

"_"_"" 

#h 

t 

DATE 

1913 

Aug. 2 5 . .  ..... 133  7  2 ...... 
" 2 6 . .  . . . . .  134 2  3 ...... 
" 25.  . . . . . .  135 4  2 ...... 
" 2 5 . .  . . . . .  010 0 0 . .  ...... 2 9 136 
" 2 5 . .  ..... 

0 , o  0 0 . .  ...... 2 7 138 " 2 5 . .  . . . . .  o l o  0 0 . .  . . . . . .  4 5 137 

Averages ....... 5.  

Aug. 25. ...... 139  110  31 ...... 
" 2 5 . .  ..... 140 140 26 . . . . . .  

Aug.   25 . .  ..... ...... 
" 2 5 . ,  ..... 142  2 - 5  ...... 
" 2 5 . .  ..... 143  7 1 ...... 

2 5 . .  ..... 144  12 2 ....... 
" 2 5 . .  ..... 146 4 6 . . . . . .  0 0 . .  0 0  

2 5 . .  ..... 146 7 2 ...... 
Averames ....... 6 

I 
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DATE 

1913 
" 

Aug. 8.. . 
44 9. . .  
(' 10 . . .  
(' 12 . . .  

13. .. 

fiverages . . 
Aug. 8 . .  . 

" 9. .. 
" .lo.. . 
" 12. . .  

13.. 

Averages . . 

Aug. 8.. 
" 9... 
" 10.. 
" 12. . .  
" 13.. 

Averages .. "- 
Bug. 8.. 

I' 9.. 
" 10.. 
4 12.. 
(' 13.. 

Averages . . 
Aug. 8 . .  

" 9 . .  
" 10.. 
" 12.. 
'' 13.. 

Averages . . 

.Aug. 8 . .  
" 9.. 
" 10.. 
" 12.. 

13.. 

Averages . . 

.. 

.. 

.. 

.. 

.. 
" 

.. .. 

.. .. 

.. 

.. 

.. 

.. .. - 
- 

.. 

.. 

.. 

.. .. 
" 

.. .. .. 

.. 
- .. 

DATE 

1913 

Aug. 8. .  . 
'( 9 . . .  
" 10 . . .  
(' 12. .. 
I' 13 ... 

Averages . . . 
Aug. 8 .  . . 
(' g . . .  
" 10. .. 

12.. . 
I' 13.. . 

Averages . . . 
Aug. 8.. . 

" 9... 
" 10 . . .  
" 12../ 
'( 13.. 

Averages . . , 
Aug. 8..  . 

" 9... 
" 10 . . .  
" 12. . .  
I' 13 . . .  

i" 

Averages 

Aug. 9. . . 
" 10 . . .  
" 12 ... 
" 13. . .  

Averaues . . 
Aug. 9 . .  

10. . .  
I' 12.. 

13 . . .  

Averages . . 
Aug. 9. . 

10 . . .  
" 12.. 

13.. . 
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Field  Laboratory Reportg. Laboratory  at  Port  Huron, Mich. Waters of Lower End of Lake  Huron. 

D A m  

1913 

Aug. 9 . .  . .. 1 0 . .  . .. 12 . . .  .. 13.. . 
Averages . . 
Aug. 9 . .  . .. 10 . . .  .. 12 . . .  .. 13 ... 

Averages ... 

Aug. 9 .  

DATE 

1913 

Aug. 9 . .  . 
" 10. . .  
" 12.. . 
I' 13... 

Averapes . . I 
" 

July 3 . .  . 
4 . . .  .. 5 . . .  . 

'& 6 . . .  
(' 7 . . .  
" s... 
" g... .. lo... 
" 11 ... .. 12... .. 13.. . 
I' X... 
" 16 ... 
'' 17... 
" 18 ... 
" 19.. . 
" Zl... 
" 23... 
'( 34 ... .. 25. .. 
" 26 ... 
" 28 ... 
" 29 ... 
" 30 ... 
" 31 ... 

Aug. 1. .. 
I' 2. .. 
" 4 . . .  
I' 6 . . .  

7 . . .  

Averapes . . I 

- 
.. .. .. .. .. .. .. 
.. 
.. 
.. 
.. .. 
.. .. .. 
.. .. 
.. .. .. .. .. .. 
.. .. 
.. .. .. .. .. 

I 
" 

2 
" 

2 
0 
11 

I400 
1 
5 

30 
6 
8 
3 
1 
3 
4 
20 
2 
1 

3 
2 
0 
31 
6 
75 
6 
9 

5 

.. 

.. 

.. 

.. 

Colon Bacilli 
Fermentation Test 

48 Ronrs Incubation 
87OQ 

2 8 0  s ; : :  ""_ 
...... 

0 .  ...... 
. 0 . . . . . .  

0 .  ...... 
0 .  

5 6. Col i  PI 

_"" 
_"" 
...... ...... 

0 . .  

0 . .  ...... 
.. 0 

. . . . . . . . . .  

.......... .......... .. 
I . .  .... .. ..I 

' *  * * I  .... .... 
.... .... 
.... .. * .  .... .. ,. .... .... .... .... 1 

.... .. * .  

.... 
1.. .. 

1;; ;; .... 
3 

0 3. 255 

.... "- 

.. ,. 

.... 

.... 

. . . .  
0 
0 
., 

0 .  
., 0 
. I  

. 0 ., 
I 0 .  
* 0 .  . 0 .  

. 0 .  . 0 .  
* 0 .  
. 0 .  . 0 .  
. 0 .  
. 0 .  
. 0 .  

. 0 .  

. 0 .  

. c. p1 

. . . .  

. . . .  

"- - .  
e 

.- 

- 
a o v  e v e  
5 1 5 z  

+ 

cc 00 r l  

.... 0 

.... + 

.... 0 

.... 
"- 

"- 

"- 
0 

.... 0 

.... 0 

.... 

0 .... 
0 .. *. 
0 .... 
0 .... + .... 
0 .... 
0 .... 
+ .... + .... + .... 
0 .... + .... 
0 .... 
0 .... 
0 .... " .... + .... 
0 .... 
0 .... + .... 
0 . .  .. 

...... 

. . . . . .  

...... 

.... 
1.i .... 

0 

OOcc r l  

.... 
"- 
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DATE 

1913 

July 3.. . 
" 4.. .  

5.  .. 
6... 

" 7 . . .  .. 8.. . .. 9... 
" l o . . .  .. 11 ... .. 12... .. 13 ... 

14 ... 
15 ... 
16 ... 
17... 

" 18 ... 
19 ... 

" 21... 
23 ... 
24... 
25 ... 

" 26 ... 
28 ... 
29 ... 

" 30.. . 
31 ... 

Aug. 1. .. 
" 2... 
" 6 . . .  

7.. . 
Averales .'. 
July 3. . I  

'' 4 . . #  .. 6 . . .  
" 6 . .  .. 7 . . .  

8 . . .  .. 9... .. 10.. . 
" 11.. 

12. ., 
" 13.. 

1" 14. .. 
" 15 ... 
" 16 ... 

17 ... 
" 18 ... 

Bacteri - 

Count 
Per CC 
" 

.. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. 

.. .. .. .. .. .. .. 

.. 

.. 

.. .. .. .. .. 
" 

.. .. .. .. .. .. .. 
I. .. .. .. 
I .  .. .. .. .. 

!!E!!?- 
' L  

Colon Bacilli 
Fermentation Test 

,.E 48 Hours  Incubation 
4 :s 3700 ?.;!e 

- 4  u u 
s " 

Count ' " M 0 
per 00 : q 9 9 

3 ...... 5 
...... 
...... 1 

1800 ...... 
2  ...... 
4  ...... 
8 ...... 

14  ...... 
80 ...... 
3 . . . . . .  
1 ...... 
2  ...... 
4  ...... 
5 ...... 
0 ...... 
0 ...... 
9 ...... 

48 ...... 
3 ...... 
7 ...... 

10 ...... 
2 1  ...... 

8 ...... 
1 ...... 
3 ...... 
2 ...... 

71 4. 8 1. E 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

""- 

2 
...... 0 
...... 
...... 0 

450 ...... 
4  ...... 
3 ...... 

16  ...... 
4  ...... 

20 ........ 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
4 2 

...... 5  

...... 0 

...... 0 

...... 

0 0 0  

. I N L O  
:.x: 
"_ 
0 

0 
.... 0 
.... 
.... 

+ .... 
0 .... 
+ .... 
f .... 
f .... 
+ .... 
0 .. *. 
0 .... 
f .... 
f .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
+ .... 
0 .... 
t .... 
+ .... 
+ .... 
+ .... 
0 .... 
0 .... 

s l  00 cc 

...... 

,. .... 

..... 

...... 

"- 
"- 
0 
.... 0 
.... 
.... 0 

+ .... 
0 .... 
0 .... 
0 .... + .... 
+ .... 
0 .... 
f .... 
0 .... + .... 

...... 

...... 

...... 

I/ 
DATE 

1913 

July 19.. I .. 81.. . .. 23 ... 
" 24.. .. 25 ... .. 26 ... 

29 ... .. 30. .. .. 31 ... 
Aug. 1. .. .. 2... .. 5... .. 7 . . .  

Averages .*. 

.. 28,... 

" 

July 3.. . 
4... .. 5... 
6.. .. 7 . . .  
8... .. 9... .. 10 . . .  

'' 11.. 
'' 12.. .. 13 . . .  

14 . . .  
" 15. . .  
" 16 ... 
" 17.. 

18 ... 
" 19.. 
" 21.. 

23.. 
" 24.. .. 25 ... 
" 26.. .. 28 . . .  .. 29. . .  .. 30.. . 

31... 
Aug. 1.. . 

" 2.. . 
" 6 . . .  

7 . . ,  

Averapes . . 

I 

I- 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. .. .. 

.. .. 

.. .. 

.. 

.. 

.. 

.. .. 

.. 

.. .. .. 

.. 

.. 

.. 

.. 

Counta 

i L s  i gm.5 : 49; 

::x$; 
1V as;  
< n & ~ c  
Count 
Per CC 

4  
60 
5 

14 
2 
1 
4  
4  
1 
2 
6 
5 
2 

23 

- 
.. 

- 

.. 

.. .. .. .. 

.. .. *. .. .. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. 

Colon Bacilli 

48 Hours Incubation 
Fermentation  Test 

3700 

0 

3 6  

0 "  
d o :  

? 9 ?  
"- 
...... ...... 
...... ...... 
...... 
. . . . . .  . . . . . .  
. . . . . .  
...... ...... ...... 
...... 
. . . . . .  
...... 
"- 
i. B. 8 -" 

...... ...... 

...... 

...... 

...... 

...... 

...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... 

...... 

...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... "_ 
5 .  6. 7 

: :8 : :  
? N " %  
-" 
0 .... + 
.... 

f 
.... + 
.... 0 

.... 0 

.... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 
.... 0 
. . . . .  

*1 00 cc 

. . . . . .  

"- 
-" 

0 
.... 0 
.... 

.... 0 
.. . I  0 

.... 0 

0 .: .. 
0 .... 
0 .... 
0 .... 
0 .... 
+ .. I. 
+ .... + .... 
0 .... 
0 .... 
0 .... 
0 .... 
+ .... 
f .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 

r l  D O C ~  

e :. .. 
...... 

...... 

. . . . . .  

"- 
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July 3 . .  . 
4. .. 

" 6 .  . 
" 6.. .  

7 . . .  
'( 8.. . 

9. .. 
I' 10 . . .  
" 11 ... 
' I  E. . .  
'' 13 ... 
" 14... 
" X... 
' I  16 ... 

17 ... 
dl 18 ... 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. .. .. .. .. 

Count@ 

48 Hours Incpbation ( gm.: 
Colon Bacilli 

Fermentation Test 

4 ss 87'C 
;V.ag$ 
1:2*0 

v o v  ,? 12 ; r n & m ;  
0 

PerCC 9 19 r! :: """_ "_I 

" " " 0 o + count g 2 2 :: 
400 . . . . . .  0 .. 0 .... 

0 ...... .... o . . o  ...... 3 
.... o . . o  

2 ...... o . . o  .... 
0 ...... o . . o  .... 
0 ...... o . . o  .... 
7 ...... o . . o  .... 
4 ...... o . . +  .... 
3 ...... o . . o  .... 
9 ...... o . . +  .... 
2 ...... o . . o  .... 
2 ...... o . . o  .... 
2 ...... o . . o  .... 

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

I 

DATE 

1913 

July 19. . 
" 21. . .  
'' 23... 
I' 24. . .  
" 25... 
' I  26 . . .  

28 ... 
2 9 . . .  

rK 30 ... 
31.'. . 

Adg. 1.. . 
2 . . .  

' I  6 . . .  
7 . . ,  

Areraper . , 

7- Bacteri 
i -  

Per CC 
Count 

.. .. .. 

.. .. .. .. .. .. .. .. .. 
*. .. 

Counts 

e I.' E 

: 4  
i 
lu.& 
i i z 7 :  
Per CC 
Count 

- 
3 
2 
0 

3 
1 
1 
3 
4 
6 

26 
3 
11 
3 

.. 

18 

Colon Bacilli 
Fermentation  Test 

48 Hours  Incubation 
3700 

:I: , d  
" V V  

u g g g  0 0 0 
??*:::+am 

...... o . . +  
.... o . . o  ...... .... o . . +  ...... .... 

...... o . . o  .... ...... o . . +  .... ...... 

.... o . . o  ...... .... o . . o  ...... .... o . . o  ...... .... o . . +  ...... .... o . . o  ...... .... o . . o  ...... .... o . . o  ...... .... 0 .. 0 

2. 3 B. C. p e r 1  OOcc 

"""" 

................ 

"""" 
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- 
July 28. ...... 49 .. 2 9 . .  ..... .. 30.. ..... .. 31.. . . . . .  
Aug. 1.. ..... .. 2 . .  . . . . .  

' 6 ....... 1 .. 7 ....... ~ .. 8 . .  ..... 

.. 4.. ..... ~ 

" 9. . . . . . .  
" 11.. ..... 
'* 12.. . . . . .  
" 13. ...... 
'* 14 ....... 
" 23....... 
" 2 5 . . .  .... 

Averages ...... 
July 2 8 . .  ..... 

'' 2 9 . .  . . . . .  
" 30.. ..... 
" 31.. . . . . .  

Aug. 1.. . . . . .  
'( 2 . .  ..... 
6 L  4 . .  ..... 
'( 6..... . .  
'( 7 . .  ..... 
" 8.. ..... 
'. 9.. ..... 
" ll., ..... 

- 
50 

" 12 . . . . . . .  
" 13.. ...... 
" 14.. . . . . .  , 
LI 23.. . . . . .  
'' 26.. ..... i 

Averages ....... 
July  28..  ..... 61 .. 2 9 . .  . . . . .  
' 3 0 . .  ..... .. 31.. ..... 

Aug. 1.. . . . . .  
" 2.. .... . '  
a 4  ....... i 
" 6.......l 

I 

" 

Bactari 

!2Z%2 
Count 
Per CC 

3000 
7 
3 
2 

16 
19 

12 
9 
21 
12 

380 
20 
22 
14 
9 

22 

233 

2000 
12 
14 

2 
7 

12 
24 
8 
7 
4 

54 
160 
12 
8 

15 
16 
1 

138 .5  

,. 

27 
20 
16 
3 

22 
10 
8 
10 
12 

Oolon Bacilli Oounts 
i Fermentation  Test 

gm.z 48 Hours  Incubation . -42s 
2o.B o P  

8700 

0 0 0  g 4 r m k e x -  
0 0 0 0 0 X rl Count 

;:2:g 

:: 3 :: 2 3" I 9 9 percg 

0 

""""_ 
1200 

+ +  .. o +  ...... 5 
o . . i - + '  0 . . . . . .  3 

+ + . . + +  . . . . . .  2 
o o , . + +  . . . . . .  4 

0 0  0 0 . .  . . . . . .  4 
0 0 .. 0 0 ...... 6 

0 . .  0 0 0 . .  .... 2 
o o o . . + . .  .... 3 

+ + .. + + 0 .... 

0 0 . .  o +  
.. + + 

~ O + . . + +  

.. 

400 

0 0  0 0 . .  . . . . . .  2 
0 0  0 0 . .  ...... 2 
0 . .  0 0 0 . .  .... 4 

O . . i - . .  0 0 .... 3 
+ + .. i- + + .... 

.. 

.. .. 
5 

23 t~ + .. i- 0 .... 
48 

o . . + +  0 .... .. j  5 
+ + .. + + ., : : I . *  

17 

i- t O f . .  ...... 3 
0 0  0 0 . .  ...... 4 

+ 0 .. 0 0 .. . . I . .  

70 ...... 0 0 . .  

cc  00 r 1 pe li Co 8 .  60 37 .4  

0 4  "- """ 

"_ """ 

0 

0 0  0 0 . .  ...... 3 
o o . . o o  ...... 9 

0 ?... 0 0 0  .... 4 
0 . .  0 0 0 . .  .... 0 
-t 0 .. 0 0 0 .... 

6 
3 0 0 . .  o +  

2 .. + +  

. . . . . .  

DATE 

1913 

Aug. 8.. ..... 
" 9.. . . . . .  
" 11.. ..... 

1 2 . .  .. . . . . .  
" 13.. . . . . .  .. 14.. . . . . .  .. 2 3 . .  ..... 
" 2 6 . .  ..... 

- "" - 

i 

Averages ....... "- 
July 2 8 . .  .... .. 2 9 . .  . . . . .  

30 ...... 
' I  31.. . . . .  

Aug. 1.. . . . .  
(' 2. . . . . .  
'( 4 . . .  . . .  
" 6...... .. 7 . . . . . .  
" s . . . . . .  
" 9.. . . . . .  .. 11.. .... .. 12 . . . . . .  
" 13.. . . . .  .. 14.. . . . .  
" 2 3 . .  . . . .  
'' 25 ...... 

Averages ....... 
July 28 . .  ..... 

" 29.. . . . . .  
'' 30.. ..... 
" 31.. ..... 

h u g .  1.. ..... .. 2 . .  ..... 
'( 4 ....... .. 6 . .  ..... 
" 7 . .  ..... 
" 8 .  ...... .. 9 .  ...... 
" 11.. ..... 
" 12.. , . * . . 

13 ....... .. 14 . . . . . . .  
l6 23.. ..... 
' 26 ....... 

- 

Averages ...... 

" 

" 

I 

- l- 
12 
7 

145 
14 

G 
14 
15 
8 

20.5 

23 
22 
21 
12 
8 

14 
11 
9 
1 
13 
8 
50 
16 
16 
9 

22 
3 

1 5 . 1  

" 

- 

5 
18 
22 
7 

25 
10 
18 
20 
18 
9 

28 
52 
43 
12 
12 
21 
5 

18.8 

"""" 

5 1 3 8 .  C o l i  p e r l  ! 
10 .... 0 0 0 .. 
10 .... 0 0 0 .. 
8 ...... 0 0 . .  
9 . . . . . .  0 0 .. 
2 . . . . . .  0 0 . .  
2 ...... 0 0 . .  
5 . . . . . .  0 0 . .  
8 ...... 0 0 . .  
2 ...... o + . .  
9 ...... o + . .  

33 . . . . . .  0 + .. 
9 ...... ++ . .  
0 ...... 0 + .. 
5 . . . . . .  0 0 . .  
5 ...... 0 0 . .  
I 0 0 .. 
2 1 . .  ..'.. .. 1 . .  . . I . *  0 0 

* * * .  O O + * . I  

0 0 0 0 ..I 
"""" 

7 11 B. Coli pe r l  """- 
. . . .  

4 ...... o o . . ,  
3 ...... 0 0 + 

23 ...... 0 0 .. 
g . . . . . .  0 0 . .  
2 . . . . . .  0 0 . .  

10 . . . . . .  0 0 .. 
4 . . . . . .  + + . .  . . . . . . . .  0 + 

17 ...... 0 0 ..I .. 
1so ...... + + . . I  

9 ...... + + . .  
8 . . . . . .  0 0 . .  
8 ...... 0 0 . .  

17 ...... 0 + .. 
3 ...... 0 0 . .  

18.8   16B.  Coli p e r l  
"""" 

Counts Oolon Bacilli 
Fermentation Test 

8700 

"""" 

. . . . . . . .  0 0 . :  
5 ...... 0 0 . .  

17 .... . .++ . .  . 
5 . . . . . .  00.: 
8 ...... 0 0 . .  

13 ...... 0 0 . .  
5 ...... o + . .  
3 . . . . . .  0 0 . . -  

0 
. -  

. -  

I -  

- 
v 0  
V D  
D O  
u v )  
" 

t +  
0 0  
t +  
t +  
O f  
0 0  
O f  
t o  

IO cc  

t +  
0 .. 
0 0  
0 0  
0 0  
O +  
O +  
t +  
t +  
t -I- 
t +  
t t  
t +  
t +  
0 0  
0 0  
t o  

" 

" 

0 cc 

0 0  
0 .. 
- 0  
D O  
D O  
D +  
D +  - +  
D +  - +  - +  - +  - +  
O +  

k +  
0 0  

" 

" 

10 CE 
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I Bacterial  Counts Colon Bacilli 1 FermentationTest 

3700 
$ $ gm.$ 48 Hours Incubation 

d, 

"" 

. . . . . . . .  0 + .. + /+  
92 ...... +.. + +  
13 ...... 0 + .. +/+ 
16 . . . . . . - I -+ . .++ 

spreader ...... 0 + .. + + 
5 ...... o +  .. + +  

26 ...... + +.. + +  
12 + + . .  ....,.. 

""" "" +I+ 
43 15 .E B. C. pe r 1 oo!cc 

" 

Oolon Bacilli 
Fermentation Test 

48 Hours Incubation 
37oc 

Counts 
i 
! gm.5 
jg.5:: &z;; 

i F  

. 4 3 %  

Count 
Per CC - 

3 
2 
5 
8 
8 
6 
7 

1 4  
3 

28 
165 
7 

12 
15 
7 
5 

e .  

Batter 
i j 
0 0  ME. 

2; ;d  .z+z i 
?4i;;92 
Count 
Per OC 

17 
22 
12 
9 

14 
32 
19 
32 
9 
9 

56 
54 
49 
32 
45 
36 
6 

DATE 

1913 

July 2 8 . .  ..... .. 29 ....... 
" 3 0 . .  ..... 
" 3 1 . .  ..... 

AUK. 1. ...... 
" 2 .  ...... 
" 4 . . . . . . .  
" 6  ....... 
" 7  ....... 

' I  8 .  . . . . . .  
" 9 .  ...... 
" l l . . . . . . .  
" 1 2 . .  . . . . .  
" 1 3 . .  ..... 
" 14 ....... 
" 23. ...... 
" 25 ....... 

Averapes ...... 
July 28 ....... 

I' 2 9 . .  ..... 
" 3 0 . .  ..... 
" 3 1 . .  ..... 

Aug. 1 .  ...... 
" 2  ....... 
" 4 . . . . . . .  
" 5  ....... 
" 6 . . . . . . .  

7 . .  ..... 
" 8  ....... 
" 9 .  ...... 
" 11. ...... 
" 1 2 . .  ..... 
" 1 3 . .  ..... .. 1 4 . .  ..... 
" 2 6 . . . . . . .  
" 26.. ..... 

Arerlmes ....... 

- 

- 
July 2 8 . .  ..... 

" 2 9 . .  ..... 
3 0 . .  ..... 

" 3 1 . .  ..... 
Aug. 1 . .  ..... 

" 2 ...... 
" 6  ....... 
y 7  ....... 

DATE 

1913 

Aug. 8 . .  ..... 
" 9 . .  ..... 
I' 11 ....... .. 1 2 . .  . . . . .  
" 1 3 . .  ..... 
" 1 4 . .  . . . . .  
" 23 ....... 
" 2 5 . .  ..... 

lvcrames ....... 

July 28.. ..... .. 2 9 . .  . . . . .  
'' 3 0 . .  ..... 
" 3 1 . .  ..... 

Aug. 1 . .  ..... 
'( 2 . .  ..... 
" 4  ....... 
" 6  ....... 
" 6 . .  ..... 
u 7  ....... 
" 8 . .  ..... 
" 9 .  ...... 
" 1 1 . .  ..... 

1 2 . .  . . . . .  
" 1 3 . .  ..... 
" 14 .  . . . . . .  

Arcrapes ....... 
"" 

July28. .  ..... 
" 2 9 . .  ..... 
" 3 0 . .  ..... 
" 3 1 . .  ..... 

Aug. 1 . .  ..... 
" 2  ....... 
" 4  ....... 
u 5  ....... 
" 6. ...... 
" 7  ....... 
" 8  ....... 
" 9  ....... 
" l l . . . . . . .  
" 1 2 . .  ..... 

1 3 . .  ..... 
" 1 4 . .  ..... 

Avrrrpes ....... 

0 
0 0  A S 0  
$ 9 4  "- 
.... 

( .... ( ...... ...... ...... ...... ...... ...... ...... ...... 
...... ...... 
...... ...... 

V V V V V  v * o v ) o  
0 0 0  

4 V ) r t C - a -  ""- 
0 
0 

0 0 0 . .  

O.: t+  0 
0 "  0.. 0 

0 0 0 . .  0 
+ +  0 . .  0 

0 .... 0 0 
0 . .  0 . .  

0 0 . .  0 0 

t + . . + +  
t+..++ 
++ . .  o +  
t + . . + +  
0 0.. O f  
o + . . + +  
t + . . + +  

i p e r l 0 0 c c  

0 0.. + + 
0 0.. 0 .. 
0 0 .... 0 
0 0.. O f  
o + . .  o +  
0 0.. O f  
t + . . + +  
o + . . + +  
0 0.. + 

0 0 . .  0 
+ 

0 + + . . +  
+ + .. o +  
+ + .. o +  

t + . . + +  
o + . . + +  

+ + .. o +  
O + . . + +  

+ + .. o +  
0 

i p e r l 0 0 c c  

O 

+'+ .. + 0 
+ I t  O * *  

""- 
""- 

""_ 
""- 
o + . . + +  
+ 

0 0 0 . .  0 
+ + 0 . .  0 

o +  0 . .  0 
+ +  0 . .  0 

t+..++ 
.. + .. + 0 
.. + .. + 

250 
180 
58 

118 
1 4  
90 
14 

88.6 

.. 

" - - - "- - - 

1000 .... + + + .. + + 
1000 .... + + + .. + .. 
800 + + + + .... 

1500 ::I:: + -i- -1 .. 1- + 
2000 1 - t  + + .. + + 

90 ...... + + . . + +  
1500 ::I:: + + + .. + + 

3000 .. 0 + + + .... , .. 
3000 .. 0 ..  .. .. . . + + + +  ...... .. ,. 0 + + + .. + + 

preader .. + f + ...... 
3000 .. + f + ...... 
400 .. 0 + + + ...... 

2500 
3000 
2000 
2000 
3000 
5800 
4000 
9000 

70 
950 

5000 
2900 
2200 
2300 

Dreadel 
2600 

...... ...... ...... "- 
12 

c .... 
(1 .... 

Cm B. _" 

...... ...... 

...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... 

...... ...... ...... -" 
!5 ca 1. "_ 
.... 

+ .... a 1. I .  

+ .... 0 

...... ...... ...... ...... 

28.8 

25 
50 
9 

10 
. 2 9  

9 
14 
12 
85 
5 
4 

46 
230 
86 
36 
1 4  
17 
3 

38 

- 

ip 

18.4 

0 
60 
2 

27 
3 
0 
7 

16 
22 
9 

62 
105 

8 
7 

17 
3 

21.7 

.. 

.. 
- 

6: 

:s 

.- 
1 .- 

0 + + + ...... 

3718 

3000 
3000 
2500 
2500 
2000 
4900 
2000 
8000 
3000 

15000 
8000 
1700 
2600 
3000 

preade~ 
1200 

1600 
1500 

.... + + + T .... 
+ + .. i- + + .... 2000 
+ + .. + 4- + .... 

600 .... + 4- 

...... f + + .. 3000 

+ + .. + ...... 400 
+ .. 

2500 ...... + + + + .. 
2000 

...... + + + + .. 2000 
+ + .. + + + + . . . .  

...... + + + 0 .. 

1500 
280 

...... + + + .. 

cc 08 r 1 pc C. 1. 57 42 449.5 

...... 4- + + 0 .. 330 

...... + + + 0 .. preader 

...... 4- + f + .. 

"""_" 

.I- 

30 
26 

100 
120 
32 

260 
18 
20 

0 
40 
22 

260 
3 

106 
8 
9 

c 

4160 



t 

DATE 

1913 

July 2 8 . .  ..... 
" 2 9 . .  ..... 
" 3 0 . .  ..... 
" 3 1 . .  ..... 

A u g .   1 . .  ..... 
" 2 . .  ..... 
" 4  ....... 
" 5  ....... .. 6 . .  . . . . .  
I' 7 . .  ..... 
" 5  ....... 
" 9 . .  ..... 
" 1 1 . .  . . . . .  
" 1 2 . .  ..... 
" 1 3 . .  ..... 

. " 1 4 . .  ..... 
Averages ....... 

July 2 8 . .  ..... 61 .. 2 9 . .  ..... 
" 3 0 . .  ..... 
" 3 1 . .  ..... 

Aug. 1 . .  ..... 
" 2  ....... 
" 4  ....... 
" 6 . .  ..... 
" 6 . .  ..... 
" 7  ....... 
" 8.. ..... 
" 9 . .  ..... .. 1 1 . .  ..... 
" 1 2 . .  ..... .. 1 3 . .  ..... 

Averages ....... 

J u l y  28.. ..... 
" 2 9 . .  ..... 
" 3 0 . .  ..... 
" 3 1 . .  ..... 

Aug. 1 . .  ..... 
" 2 . .  ..... 
" 4  ....... 
" 6  ....... 
" 6 . . . . . . .  

- 
62 

Batter 

i ; ,  
Ca+ l 4 +  

El g; ;: .g&4 i 
!::E%: 

@ $=.! 

Count 
Per CC 

250 
26 
33 

2000 
2000 

68 
165 
350 

1280 
2000 
140 
62 

3000 
200 
390 
260 

764 

29 
80 
10 

310 
19 
2 

1 4  
3000 
600 

6 
33 

960 
12 
17 

.. 

340.5 

- 
b 

19 
10 
8 
4 

26 

9 
4 

.. 

4% i 

Counts 

i g  

;y.E!s* 
2 t a m .  . 4 2 '  

: % E : ,  
Count 
Per C (  - 

80 
2 

10 
440 
400 
38 
50 

260 
2500 

62 

12 
640 
150 

,preade 
'preade 

357.7 

.. 

3 
1 4  
6 

50 
5 
9 

12 
5 

1500 
95 

16 

4 
1 4  

133.3  

.. 
preade 

0 
6 
3 
5 
9 
4 
3 
5 

42 

Fermentation Teat 
Oolon Bacilli 

48 Hours  Incubation 
37OO 

U 
" 0  
g , . , . , , u o v  ? e ! : : z : g  

.... + + + .. + + .... 0 O f . . + . .  .... 0 0 + +  .... 

.... 0 0 0 0 .. + ...... + + . . + +  .... 0 0 0 .. + + ...... + + . . + +  

.... . . + + . . + +  ...... o +  .. + + 

.... . . + + . .  + +  ...... + + . . + +  
).....++..Sf 
...... o +  .. + + 
...... + + . . + +  
......if.. + +  ...... + + . . + +  
1 3 0 8 . C . p e r l O O c c  

v v v  

-" _"" 

"""" 

"""" 

... 0 0 0 . .  + + 
,... 0 o + . .  0 . .  . . . . .  0 0 . .  0 0  
. . . . .  0 O . . + +  
. . . . .  0 0 . .  o +  
. . . i . .  0 0 . .  0 0  

O O . * + +  
. . . . .  0 o . . + +  
. . . . .  o +  .. + +  
. . . . .  0 o . . + +  
...... O f  .. + +  
. . . . . .  0 O . . + +  
..... o + . .  + +  
, .  .... o +  .. + +  
..... O f  .. + +  
8B.Cel i  p c r l O O c c  

* * . I . *  

"""" 

"""" 

... 0 0 0 . .  O f  . . .  0 0 0 . .  0 . .  

..... 0 0  .... 0 ..... 0 0 . .  0 0  ..... 0 0 . .  0 0  ..... o + . .  + +  ..... 0 O . . + +  ..... 0 o . . + +  ..... Of.. + +  

DATE 

1913 

Aug. 7 . .  ..... 
" 8  ....... 
" 9 . .  ..... .. 1 1 . .  ..... 
" 1 2 . .  ..... 
'' 1 3 . .  ..... 
" 1 4 . .  ..... 

Averages ....... 

- 

Ju ly  28.. ..... 
" 2 9 . .  ..... 
" 3 0 . ,  ..... .. 3 1 . .  ..... 

A u g .   1 . .  ..... .. 2 . .  ..... 
' I  4 . .  ..... 
I' 6 . .  ..... 
" 6 . .  ..... 
I' 7 . .  ..... 
" 8.. ..... 
" 9 . .  ..... 
" 1 1 . .  ..... 
" 1 2 . .  . . . . .  
" 1 3 . .  ..... 

Averages ....... 

Ju ly  28.. ..... 
" 2 9 . .  ...... 
I' 30. ...... .. 3 1 . .  ..... 

Aug. 1.. ..... 
" 2 . .  ..... 
'( 4. .  ..... 
" 6  ....... 
' 6 ,  6 . .  ..... 
" 7  ....... 
" 8.. ..... 
" 9  ....... 
" 1 1 . .  ..... 
" 1 2 . .  ..... 

1 3 . .  ..... 
Arerlfler ....... 

4 
13 
5 
3 

24 
9 
9 
3 
9 

1 4  
5 
9 

24 
9 
8 

3 
" 

12 
14 
9 
6 

19 
1 
5 

1 4  
35 
90 

8 
10 

155 
15 
22 

27.6 
- 

I Oounta 

w m  
d i  

$ 5 :  
$O.,a,O\ Y O  m 

9z:Ez; 
Count 
Per OC 
" 

2 

7 
60 
2 
6 
3 

10.4 

.. 

- 

1 
2 
4 
4 
ti 
4 
4 
3 
6 
2 

8 
16 
9 
4 

.. 

5 

0 
5 
2 
5 
4 
1 
5 

11 
25 
22 

8 
18 

4 

.. 

preade - 
8 

Oolon Bacilli 
Fermentation Tent 

48 Hours Incubation 
~ 87OC 
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DATE 

1913 

J u l y   2 8 . .  ..... 
" 2 9 . .  ..... 
" 3 0 . .  ..... 
" 3 1 . .  ..... 

Aug. 1. .  ..... 
' I  2 . .  ..... 
" 4 .  ...... 
" 5 . . . . . . *  
" 6.. ..... 
" 7.. ..... 

' I  8 . .  ..... 
" 8 . . . . . .  
'6 1 1 . .  .... 
" 1 2 . .  . . . . .  
" 1 3 . .  .... 
" 14 ...... 

Averages ...... "- 
July 28 . .  .... 
" 2 9 . .  .... 
" 30 ...... 
" 31 ...... 

Aug. 1.. ..... 
1' 2 .  ..... 
'1 4...... 
" 6 . . .  ... .. 6. . . . . .  
" 7 . . . . . .  
'' 8 . . . . . .  
" s . . . . . .  
" 11.. .... 
" 1 2 . .  .... 
" 1 3 . .  .... 
" 14 ...... 

Averages.. ..... 
"- 
July 2 8 . .  .... 

29 ...... 
" 30 ...... 
" 31...... 

Aug. 1 . .  .... 
' I  4 . . . . . .  
" 5 . . . . . .  
" 6. ..... 

Bacteria 

: g - 2  
2-4 5'; 
d.24 0 

2 F 9 d  
d 0% 

Count 
Per 00 

19 
10 
2 1  

4 
14 
22 
14 
12 
5 

preade~ 
8 

33 
122 
25 
62 

9 

24.8 

- 

26 
22 
14 
16 
60 
14 
19 
22 
24 

8 
4 

220 
21u 

42 
58 
36 

47.1 
- 
- 

1500 
200 
285 
500 
680 
460 

9 
1200 

" 

'aunts Oolon Bacilli 

i; sm.2 48 Hours  Ineubation 
Fermentation Test 

87'0 4 $ 2  
0.935 

0 
:&.ay 

2 2 :: 2 r! 9 s per0c 
V F  " 2 Count c 0 0 0 v r( 

"""" 

0 

00.. ...... 7 
o + .  0 0 .... 2 
.. 0 0 0 .... 3 
.. 0 0 0 .... 

32 .... 0 0 0 

o + . .  . . . . . .  . 3 
.. 0 0 ....... 2 
.. 

12 . . . . . .  0 0 . :  
6 . . . . . .  0 0 . :  

17 . . . . . .  0 0.: 
. . . . . . . .  o+.: 
16 ...... 0 + .. 
14 ...... O + . :  
8 ...... O+.: 

22 ...... + -+ .. . . . . . . . .  00.: 
10.2 11  B .  Col i  pe r l  I 

3 

. . .  + 0 0 .... 8 

.. 0 0 0 .... 9 
o + .  0 0 .... 2 
.. 0 0 0 .... 2 
. . .  + + 0 .... 

15 .... 0 0 + . . .  
8 

00.. ...... 7 
. .++ . .  .... 9 

0 0 . .  ...... 

preader ...... 0 0 .. 
. . . . . . . .  o + . .  
43 ...... 0 + .. 

160 ...... 0 + .. 
25 ...... + + .. 
38 ...... + + .. 
9 ...... 0 0 . .  
" -. -" - 

23.4 per11 C o l i  31B. 

""_". 

400 

.. +- + . . . . . .  68 

.. 0 0 0 .... 87 

.. + 0 CI .... 40 
+ 0 0, 0 .... 90 
.. 0 0 0 .... 70 
.. + + 0 .... 

6 . ..... + + . .  
660 .. + + ...... 

- 

- 
8 0  

I:: 
I v 1  

" 

o +  
0 .. 
0 0  
0 0  
0 0  
O +  
t +  
t +  
t +  
t +  
O f  
t +  
t +  
t +  
t +  

... 

" 

IO cc 
" 

t +  
0 .. 
0 0  
t +  
t +  
t +  + +  
+ +  
0 0  + +  
+ +  
+ +  
+ +  
+ +  
0 0  

00 cc 

.... 

" 

" 

+ +  
0 .. 
+ +  

O +  + +  
O f  + +  

.. *. 

DATE 

1913 

Aug. 7 . .  ..... 
" 8.. ..... 
" 9  ....... 
(' 1 5 . .  . . . . .  
" 1G ....... 
" 1 9 . .  ..... 
" 2 0 . .  ..... 
" 21. ...... 

- 

Averages. ...... - 
J u l y   2 8 . .  ..... 
" 2 9 . .  ..... 
" 3 0 . .  ..... 
I i  31. ...... 

Aug. 1 . .  .... , 
'( 4 . . . . . . .  

6 . . . . . .  
" 6 . . . . . . .  
" 7 . .  .... 
" 8 .  ...... 
" 9 .  ...... 
" 1 6 . .  ..... 
" 1 6 . .  ..... 
" 19 ....... 
" 20 ...... 
" 2 1 . .  ..... 

Averages.. ..... 
" 

J u l y 2 8  ...... 
" 2 9 . .  .... 
" 30. ..... 
" 31 ...... 

Aug. 1. ..... .. 4...... 
" b . . . . . .  
" 6. . . . . .  
" 7 . .  .... .. 8 . . . . . .  
" 9... . . .  .. 1 5 . .  .... 
" 16.. .... 

I' 1 9 . .  . . . .  .. 2 0 . .  .... 
" 2 1 . .  .... 

Averages ...... 

Bacteri 

Per OC 
Count 

5000 
1500 
540 
250 
240 
99 

170 
62 

793.4 

1000 
16 
27 
3 

38 
63 
10 
80 
42 

220 
92 
9 

96 
100 
19 

200 

125.9 

33 
19 
17 

4 
2 

18 
15 
5 

21 
Spreadc 

22 
8 
7 

22 
12 
85 

19.3 

Oounts 

m i ; *  8 m . 2  
4 $Z 
0 51 0s 
0 '2-c e 
: F g d  
count 
Per 00 

65 
160 
220 
25 

8 
48 
62 
16 

120.3 

300 
3 
9 

16 
22 
12 
6 

32 
3 

12 
44 
4 
5 

19 
8 
18 

32 

1 
5 
3 

18 
6 
2 
6 
2 

14 
2 
8 
6 

1 4  
6 

22 
9 

9 

Oolon Bacilli 
Fermentation  Test 

L8 Hours Incubation 
8 7 W  

- 
, e  
! 2 Z  
!9'! 
"- 
..... ..... . . . . .  
. . . . .  
. . . . .  
. . . . .  
..... 
..... 
"- 
5 CO B. -" 
... 

... 
+ . . .  
a .. , 
a 

c 
..... ..... 
..... . . . . .  
. . . . .  
..... 
. . . . .  . . . . .  
. . . . .  
. . . . .  
. . . . .  . . . . .  
"- 
17 CI B. "- 
.... 

( .... 
I .... 
( . . .. 
( 

. . . . .  

..... 

. . . . .  

. . . . .  

. . . . .  . . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  "_ 
4B. C 

, 0 0 0 -  > v o L o o  
w u v  

ilar(eala ""_ 
t + . . + +  
t + . . + +  
t + . . + +  
O f . . + +  
t + . . + +  
o +  

O f . . + +  
+ + 0 . .  0 
+ + .. 

i p e r l 0 0 c c  
_"" 
""- 

t + . . + +  
0 

o + . . + +  
0 0 0.. 0 

O + . . + +  
O + . . + +  

0 0 0 . .  0 
t + . . + +  

+ + .. o +  
O . . + +  0 

t + . . + +  
O f  0 . .  0 

O . . + +  t 
0 0 0 0 0  

0 0 . .  0 0 
.... + + + 

.. 0 .. 0 

i p e r l 0 0 c c  
""_ 
""_ 
0 

O f  + + . .  
0 0 0 . .  0 

o . . + +  0 
O . . + +  0 

0 0 0 . .  0 
+ + 0 . .  0 
+ + 0 . .  0 

o +  0 . .  0 
O f  0.. 0 
o +  0 . .  0 

+ + .. o +  
0 0 0.. 0 
+ + 0 . .  0 
0 0 0 . .  0 
.. 0 .. 0 0 
0 0 0 . .  

li pe r l  00 cc 
"" - 



DATE 

1913 
"" 

Ju ly   28 . .  ..... 
" 29..  ..... 
" 30.. ..... 
" 31..  ..... 

Aug. 1.. ..... 
4 .  ...... 

' 4  5.  ...... 
u 6  . . . . . . .  
" 7  . . . . . . .  

6' 8. ...... 
" 9. ...... 
" 15  . . . . . .  

16 . . . . . .  
19 . .  . . . . .  

" 20 ...... 
" 21 ...... 

Averrues . . * * * I  

Ju ly28  ....... 
29. .  ..... 
30 ....... 
31 . .  . . . . .  

Aug. 1.. .... 
(' 4 .  . . . . . .  
" 5 .  ..... 
" 6  ....... 
i' 7 . .  ..... 
'( 8. .  ..... 
" 9. .  ..... 
" 1 5 . .  . . . . .  
" 1 6 . .  . . . . .  
" 19 . .  . . . . .  
* 20.. ..... .. 21.. . . . . .  

Averages ....... 
- 
Ju ly  2 8 . .  ..... 
" 29 . . . . . . .  
" 30. .  ..... 
Ii 31 . .  . . . . .  

Aug. 1.. ..... .. 4 .  ...... 
" 5 . .  ..... 
" 6 . .  ..... 

17 
20 
19 

4 
2 
9 
7 
17 
4 
5 

45 
6 
3 
10 
8 
1 

11 
- 

7 
24 
18 

4 
4 

25 
12 
16 

reade 
4 
17 
8 
11 

4 
16 
1 
- 
11.4 

21 
90 
33 

3 
18 
18 
28 

.. 

"- 
3 .... 
3 .... 
0 .... 

10 .... 
2 .... 
1 .... 
7 .... 
8 .... 
2 .... 
6 .... 
7 .... 
9 .... 
7 .... 
2 .... 
7 .... 
3 .... 
4 1 B. 

"- 

"- 

3 .... 
7 . . . .  
3 . . . .  
3 .. ' .. 
4 . . . .  
2 .... 
22 .... 
3 .... 
5 .... 
6 .... 
9 .... 

48 . . . .  
3 .... 
9 .... 
4 .... 

10.3 2 6 .  

35 ..;.< 

"- 

"- 
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Deep  Sampll 
Aug. 6. .  

6l 7.. 

Averages.. . 

July  14.  . .. 15 . . .  .. 16 . . .  
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.. ~"30 

Aug. l.... 
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" 7 . .  
" 8 . .  
" 9 . . .  
" 10 ... 
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" 12 ... 
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Ju ly  30.. . 
31 ... 

Aug. 1. .. 
" 2 . . .  
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.. .. .. .. 
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44 
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14 
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* These samples were examined  at the Detroit Laboratory Bass. 
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DATE 

1913 
" 

July 30. . 
" 3 1 . .  

Aug. 1.  . .  
" 4 .  . 
" 5 . . .  
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l4 7.. 
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.. .. .. 
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July 9.. .  .. 10 ... .. 11 ... .. 12 ... .. 13 ... .. 14 ... .. 15  ... .. 16 ... .. 17 ... .. 18 ... .. 19 ... .. 21 ... .. 23 ... 
" 24 ... 

INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Field  Laboratory  Reports.  Laboratory  at  Port  Huron, Mich. Waters of the St. Clair River. 

Tap water of Port  Huron,  Michigan. 
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.. 0 ...... 
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Q . . . .  
0 
1- 

.... 

.... 
0 .... 
+ .... 
+ .... 
0 
+ 

.... 

. . . .  
f .... 
+ .... 
+ .... 
f .... 
+ .... 

DdTE 

1913 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports.  Laboratory  at  Sarnia,  Ont. 

DATE 
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INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Field  Laboratory  Reports.   Laboratory  at  Sarnia,   Ont.   Sarnia  Water  Supply. 

Before  Chlorination.  Samples  taken  from Well 
outside Pumo house. 

After  Chlorlnati lo1 m. Samples take 
plated  Immediatc 

from a Clty 
r .  

Colon Bacilli 
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87.0 
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6 

220 
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14 
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16 .. .. .. .. 
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14 
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.. 
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dl 18.. 
" 18.. 
&' 18.. 
" 18.. 
" 18.. 
'' 18.. 
" *  18.. 
" 18.. 
" 18.. 
" 18.. 
" 18.. 
" 18.. 
" 18.. 
" 18.. 
" 18... 
" 18 ... 
" 18.. . 

- 
Y 
> 
D 

- 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

< 
I 

i 
i 
i 
i 
I 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
( 
( 
t 

t 
t 

2 5 : :  
2 9 1  "- ...... ...... ...... ...... ...... ...... ...... 
...... ...... ...... 
...... 
...... ...... 
...... ...... 
...... 
. . . . . .  . . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
...... 
...... ...... 
. . . . . .  
. . . . . .  ...... 
...... 
...... 
...... ...... ...... ...... . . . . . .  
...... 
...... 
. . . . . .  
. . . . . .  
...... 
...... 
. . . . . .  . . . . . .  
...... ...... ...... 
. . . . . .  ...... ...... ...... 

- 
P.M - 
.. 

.2.0 
1.0' 
2.01 
3.0 
4.01 

.. 

.. 

.. .. 
2.0( 
1.3( 
1.41 
2.0( 
2.11 
2.3( 
2.41 
3.0( 
3.11 
3.3( 
3.41 
4.0( 
4.11 
4.3( 
4.41 

; g g s  

I - + . . +  
o +  .. + 
o +  *. + 
o + . .  + 
o +  .. + 
o + . .  + 
o +  .. + 
o + . .  + 
I - + . . +  
0 0 . .  + 
o + . .  + 
o + . .  + 
0 O . . +  
0 O . . +  
o + . .  + 
o +  .. + 
0 0 . .  + 
o - t  .. + - + . . +  
o + . .  + 
o +  .. + 
0 o . . +  
o +  .. + 
0 0 . .  + 
0 0 . .  + 
0 o . . +  
O +  .. + 
0 0 . .  + 
0 o . . +  
k + . . +  
0 o . . +  
0 o . . +  
0 o . . +  
0 o . . +  
o + . .  + 
0 -t .. + 
0 o . . +  
03-  .. + 
o + . .  + 
0 -t .. + 
o +  .. + 
0" .. + 
0 -t .. + 
o +  .. + 
o + . .  + 
0 -t .. + 
o +  .. + 

o w  

4 m ) r l C a  
"" 

- 
A. M 

0.01 
1.01 

- 

.. .. .. .. .. 

D. O( 
O.O( 
l.O( .. .. .. .. .. 
.. 
... .. .. .. .. .. .. .. .. 
- 

-4, 
" 

0 .  
0 -  
0 

I 
1 

I 

0 -  
0 -  
0 -  
0 -  
k -  

L - .  

0 -  
0 -  
0 -  
0 -  
0 -  
0 -  
0 
0 
0 -  
0 
0 -  
0 -  

"- 
Aug. 15. .. 

" 15 ... 
'' 15 ... 
" 15 ... 
" 15 ... .. 15.. . .. 15 ... .. 15 . . .  .. 15 ... .. 15 ... 
" 15 ... .. 15 . . .  .. 15 . . .  
" 15 ... .. 15 ... .. 15 ... .. 15 . . .  
" 15 . . .  
" 16 ... 
" 15 . . .  
" 15 ... 
" 15 ... 
" 15 ... .. 15 ... 
" 15 ... 
" X... 
" 15 ... 
" X... 

15 ... 

Aug. 18. .. .. 18 . . .  .. 18 ... .. 18 ... .. 18 ... .. 18 ... .. 18 ... .. 18.. . .. 18 . . .  .. la ... .. 18 ... .. 18.. . 
" 18 ... .. 1.8. .. .. 18 ... 
" 18 ... .. 18 ... 
" 18 ... 
" 18 ... 
" 18 ... 

" 

I 
"" 

9.15 .. 9.30 
.. 

.. 0.00 
,. 9.45 

.. 0.30 

.. 0.15 

0.451 .. 
1.00 .. 
1.15 .. 
1.30 .. 
1.45 .. .. 

4.3( .. 
4.11 .. 
4.0( . . 3.4 .. 3.36 .. 3.1F .. 3.0( .. 2.4: .. 
2.3( .. 2.1E .. 2.0( .. 
1.4f .. 
1.3( .. 
1.1: .. 1.N .. 12.3( .. 12.1: .. i12.0( 

8.15 

9.00 
.. 8.45 
.. 8.30 
.. 

.. 1.15 

.. 1.30 

.. 1.15 

.. 1.00 

.. 0.45 

.. 0.30 

.. 0.15 

.. 0.00 

.. 9.45 

.. 9.30 

.. 9.15 

.. 

.. 
1.3( .. 
12.0( 

.. 

.. j 3.3( 
, 2.3( 

.. ~ 4.3( 

I ! +  
~F + 
+ + + 

+ + + + 
+ 
+ 
+ + + + + + + 
+ + + + 
+ * 
- 

t 
t 
t 
t 
t 
i 
t 
t 
t 
t 
t 
i 
t 
i 
t 
t 
i 
4 

. .  

. .  1 
1 
# 1  
. 1  
. 1  
. 1  
1 
1 

. 1  

. 1  

. 1  
1 

. I  

. 1  
1 
1 

. .  

. .  * I *  . .  

. .  

. .  

. .  

. .  

. .  . .  . .  . .  

. .  

. .  . .  . .  . .  

. .  . .  . .  . .  . .  

! -  

I -  
/. 
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INVESTIGATION OF POLLUTION OF BOUNDARY W A T E R S  
Field Laboratory Reports. Laboratory at Sarnia, Ont. Sarnia Water Supply. 

Before  Chlorination.  Samples taken from Well 
outside Pump house. - 

I Bacteril 

Aug. 19.. . ~ 8.00 

230 .. 10.00 19.. . 
320 .. 9.00 19.. . 
110 .. 

220 3.30 .. 19.. 
140 2.30 . . .  19.. 
82 1.30 . . .  19.. 
16 .. 11.00 19.. . 

a U... .. 4.30 48 
* 

bunts Colon Bacilli 
' 2  Fermentation  Test 

37OC 

48 . 0. .  0 ..I.. .. 
80 .. 

++.: ...... 20 
o+.:  ...... 12 

. . .  0 0 ..'.. 

17 

O + . .  ...... 6 
O f . .  ...... 9 

.. + ..( 0 .... 

14 ...... 0 + .. 'I 

a v  
1 0  
3 0  
u u )  
" 

t +  
+ +  
t 
t f  

t- 

+ +  
+ .t 

+ +  t +  

After  Chlorlnatlon. Samples taken frqm a City 
tap and plated immediately. 

DATE 

1913 

tug. 19.. * 

19... 
" 19. .. 
I' 19... 
" 19... 
" 19... 
" 19.. . 
" 19... 

19.. 
19.. . 

" 19.. . .. 19.. . 
" 19.. . 
" 19.. 
" 19.. 
" 19.. 
" 19.. . 
'' 19. . .  .. 19. . .  
" 19.. 
(' 19.. 
" 19 ... 
" 19 ... 
" 19 ... 
I' 19.. . 
I' 19.. . 
' I  19.., 
" 19.., 

19.., 
" 19... 

Plated 
Hour 

A.M 
-. 
8. l i  
8 .3(  
8.41 
9.0( 
9.lf 
9.31 
9.4! 

LO. 01 
LO .l! 
LO. 31 
LO. 41 
L1.0( 
11.11 
11.31 
11.41 .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. 

- 
P.M. - 
.. .. .. ., .. .. .. .. .. .. .. .. .. .. .. 

.2.0( 
1.3( 
1.4F 
2.0( 
2.1E 
2.3( 
2.4: 
3.0( 
3.1F 
3.3( 
3.4: 
4.0( 
4.1F 
4.3( 
4.41 

130 
preadel 

35 
33 
22 
60 
80 
49 
46 .. .. .. 
22 
24 
36 
26 
9 

45 
52 
24 
350 

9 
10 
12 
11 
14 
10 
13 

32 
.. 
- 

250 
22 
21 
8 
9 
8 
16 
9 

19 
7 .. .. .. 
8 

13 
1 4  
3 

18 
225 
32 
16 

170 
650 
280 
180 

5 
3 
2 
4 

12 

I . Colon Bacilli 
Fermentation  Test 

48 Houra Incubation 
3 7 o c  

$ 1 :  $ 
$;? 
"_ 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  ...... 
...... ...... 
...... ...... 
...... 
...... ...... ...... 
...... ...... . . . . . .  ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... 

: x 0 " 2 g  

t+..++ 
o + . . + +  
o + . . + +  
O f  .. 

O f . . + +  
t+..++ 
O f . . + +  
t+..++ 
o + . . + +  
o + . . + +  
+ + . . + +  O f . . + +  
+ + . . + +  + + . . + +  t+..++ 
t+..++ 
t + . . + +  
t + . . + +  
o + . . + +  
t + . . + +  
o + . . + +  
t + . . + +  
o + . . + +  
t + . . + +  

+ + 

0, 0 . .  + + 
0 0 . .  + +  
O + . . + +  
0 0. .  + +, 
0 0 . .  + + 
0 0 . .  + + 

v u 0  

iV)*NV) "-" 
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INVESTIGATION OF POLLUTION OF BOUNDARY W A T E R S  
Field Laboratory  Report.  Laboratory  at  Sarnia,  Ont.  Sarnia  Water  supply. 

Before  chlorination.  Samples  taken  from  well  After  chlorination.  Samples  taken  from  a  city 
outside  pump  house.  tap  and  plated  immediately. 

~- ~ " ~ .. ~ _ ~ _  I 

I 1 Bacteri 

. .. 
. . .  .. 
" 

Aug. 21. .  9.00 190 
e 2 1  10.00  21 

.. .. " 21. 11.00 11 
21.. .  12.00 170 

" 21. .. 1.30  12 
21.. . 2.30 18 

" 2 1  ... 3.30 65 

. .  .. 

" 2 1  ... 4.30, 33 

Counts Colon Bacilli 

$ gm.$ 
d i  

48 Hours  Incubation 
Fermentation  Test 

7 -?&*  3IaC DATE 

" 

spreader ...... 0 + .. + + Aug. 21. .. 
spreader ...... 0 + .. + + I' 21. .. 

7 ...... o + . .  + +  l4 2 1  ... 
7 ...... 0 + .. + + " 21.a. 
6 ...... 0 0 . .  + + " 2 1 . . *  
5 .... O f . .  o +  " 21 ... 

14 ...... 0 + + " 21 ... . . ,+ 
( I t  I 1  ' " 21 ... 

21 ... 
2 1  ... 
21 ... 

" 21 ... 
" 21 . . .  
" 21 . . .  

' " 21 . . .  

19 1:: .... O f . .  + +  " 2 1  . . .  

~.~ ~ ' 

I " 21 . . .  . " 21 . . .  
" 21 . . .  
" 2 1  . . .  

. . .  
1 " 21 . . 
1 " 21 . . .  
1 " 21 . . .  

" 2 1  ... 
" 21 ... 
" 2 1  ... 

I 
" e1 . . I  
" 21.. . '  

21. . 

Plated 
Hour 

" 

A.M. 

8.0( 
8.1E 
8.3( 
8.4E 
9.0( 
9.1E 
9.3( 
9.4E 
O.O( 
0.1E 
0.3( 
0.4: 
1.0( 
1.1: 
1.3( 
1.41 

" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. .. 

P.M - 
.. .. .. .. 
.. 
.. 
.. 
.. 
.. 
.. .. .. .. .. .. .. 

2.01 
2.11 
1.41 
2.01 
2.11 
2.31 
2.4: 
3.01 
3.11 
3.31 
3.4: 

1.15 
1.30 

L.oa 

Bacteri 

i L G  ;i t a . 2  
i m  g.2 ;d 'ZL: : :,"& 
Ol+ * *  

Coullt 
Per CC 

140 
18 
30 
54 
50 
9 
9 

15 
33 
50 

45 
19 
24 
28 
18 

1500 
26 
19 
70 
32 
11 
26 
26 
66 
70 
45 
60 
38 
85 

.. 

Counts Colon Bacilli 
i "  
3 2 0" 48 Hours  Incubation 

Fermentation  Test 
M *.- 

7 -42; 37OC 

"_"" 
29 1.. .. . . I  0 + .. 
3 . . . . . .  o + . .  

15 . . . . . .  0 + .. 
6 . . . . . .  O + . .  

13 ...... + + .. 
11 . . . . . .  + + .. 
9 . . . . . .  + + . .  

3 ...... 0 -+ .. 
7 ...... 0 + . .  
9 ...... o + . .  
6 . . . . . .  0 -t .. 
8 ...... O f . .  

150 ...... 0 + .. 

8 ...... 
5 .. , .... 0 + .. 
4 ..I.. .. -1- + .. 

11 ...... 0 + .. 
100 ...... + + .. 

5 ...... 0 + . .  
11 ...... + + .. 
9 ...... o + . .  

1 4  ...... 0 + .. 
11 ...... + 
12 ...... 0 + .. 
22 ...... + 
23 ...... + + .. 
1 4  . . . . . .  + + . .  
22 

+ .. 
+ .. 

2 
-1 
D 
u 
- 
+ 
t 
t 
t 
i- 
t 
t 
t 
t 
-1 
t 

: 
t- 
t 
t 
t 
f 
t 
t 
f 
t 
t 
I 
I 
t 
t 

I 
I .  
I' 
Ii 

I' 

- 
V : 
- 
+ 
+ + + + + 
t 
+ 
f 
+ 
+ 
t + 
+ 
t + 
t 
f 
t 
t 
t + 
+ 
t 
+ 
t 
t 

10 
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.4 

Field  Laboratory  Report.  Laboratory  at  Sarnia,  Ont.  Sarnia  Water  Supply. 
Before  chlorination.  SamDles  taken  from  well  After  chlorination.  Samples  taken  from a City 

tap  and  plated  immediately. 

I , 
outside Dumo  house. " 

I 
" 

T I Bacter a1 _. , 

Baeteri 

m-4  * -  

Count 
Per  CC 

1 4  
39 
65 
5 

49 
42 

" 

65 
35 
16 
26 
6 

21 

Fermentation  Test 
Colon  Bacilli 

48 Hours Incubation 
37'C 3700 DATE 

- 
> 

1913 
- 
. 

(' 2 2 . . .  . " 2 2 . .  . . 
Aug. 2 2 . .  . 

. 2 2 . . .  

. 2 2 . . .  

. '( 22 ... 
I' 2 2 . . .  
(' 22 ... 

22.  .. 
22 ... 

(( 22 ... 
" 22 ... 
(' 2 2 . . .  .. . . .  .. . . .  

22 

.. . . .  
22 
22 .. 22 . . .  .. 22 ... ' I  ~: .. 22. .. 

(( 22 . . .  
" 22 . . .  

22 ... 
t bug. 2 3 . .  . 
t " 23 . . .  
1- 23 . . .  
1 -  
i- 

(' 23 . . .  
" 23 ... i 

2 3 . . .  

" 23 ... 
" 23 ... 

2 3 . . .  
23 ... 
23 . . .  
2 3 . .  . 

" 23 . . .  
23.  .. 
23.  .. 
23 ... 
2 3 . .  . 
23 ... 
23 ... 
2 3 . .  . .. 23 ... 
23 ... 

'( 2 3 . . .  

23 ... 
23 ... 
23. .. 

* 2 a . . .  

DATE 

1913 
"- 
Bug. 2 2 . .  

(' 2 2 . .  
" 2 2 . .  
" 2 2 . .  
" 2 2 . .  
I( 2 2 . .  

I 

I 
I 
I 

Aug. 2 3 . .  
2 3 . . ,  

" 2 3 . .  
2 3 . .  

I( 2 3 . .  
2 3 . .  

Plated 
Hour - 

J 
L . c  3 c  
? -  
" 

. .  . .  . .  

. .  . .  . .  

. .  

. .  . .  

. . I  

. . I  

. . I  

. . ,  

. . .  

. . .  

. . I  

. . I  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  . . I  

. . .  

. . .  

. . .  

. . .  ... 

... ... ... ... ... ... ... ... ... . I .  ... ... 

. . .  

... ... ... ... ... ... - 

> > > 
1 

t 
t 
t 
t 
t 
t 

t 
t 
t 
t 
t 
1 

0 0  

3 m r l C I u 3  
:: :: 0" E l i .  

0 +I.. -+I . .  

_"_ l -  
o + .. + .. 

+ + 
+ +I:: +I.. -k .. 
+ +'.. -1- .. 
+ +!.. + .. 
o +i. .  -1- .. 
0 0 . . ! - I -  .. 
+ + .. 1 -  .. 
0 + .. + .. 
+ + .. + .. 
+ + .. + .. 
+ + . .  +. .  + -1 .. ~ .. 
+ + .. + .. 
+ + .. + .. 
+ + .. -1- .. 
+ + .. + .. 
+ + .. + .. 
-t + .. + .. 
0 + .. + .. 
+ + .. + .. 
+ + . . + +  
+ + . . + +  
+ + . . + +  
+ + . . + +  + + . . + +  
t + . . + +  
O f . .  + +  
t + . , + +  
t + . . + +  
+ + . . + +  
+ + . .  t +  + + . . + +  
t+..++ 
t + . . + +  
t+..++ 
t + . . + +  
O f . . + +  
o +  .. + + 
t+..++ 
o + . . + +  
t+..++ 
t+..++ 
t + . . + +  
t+..++ 
t + . . + +  
t+..++ 
o + . . + +  

~- ~ 

P.M 
-. 
.. 
.. .. 

2.01 
3.01 
4.01 

8 

.. .. 
2.01 
2.31 
3.31 

.. 

;(r " 

D 
D 
D 

0 
0 
0 

_. 

A.1 

9.4 
0.C 
0.1 
0.3 
0.4 
1.0 
1.1 
1.3  
1 . 4  

- 

.. .. .. .. 

.. .. 

.. 

.. 

.. 

.. .. 

.. 

.. 
8.1 
8.3 
8.4 
9.0 
9.1 
9.3 
9.4 
0.0 
0.1 
0.3 
0.4 
1.0 
1.1 
1.3 
1 . 4  
.. .. .. .. .. 
.. .. .. .. 
.. .. .. - 

2 ' Per CC IF 

l- 

., 

.# 

., 

.. 
* .  
.. .. 
.. 
.. 
* .  
.. .. 
.. 
.. .. .. .. .. 
.. .. 
.. 
.. .. 
.. .. .. .. .. .. .. 
.. 
.. 
.. 
.. .. .. .. .. 
.. 
.. .. .. .. .. .. - 

" 

12 
6 
2 
4 

20 
7 
0 

15 
10 
0 
2 

preadc 
6 
4 
0 
8 

21 
5 

31 
14 
30 
15 

900 
200 
500 
100 
46 
12 
16 
23 
28 
22 
9 

11 
19 
20 
9 

30 
41  
4 

13 
6 

120 
52 
9 

18 
9 
4 
3 - 

" " 

.. 42 . . 65 . . 53 . . 64 . . 59 .. 53' .. 30 .. 130 
. . 13 

2.00 9 
2.15 27 
2.30 21 
2.45 17 
3.00 44 
3.15 49 
3.30 15 
3.45 32 
4.00 48 
4.15 46 
4.30 15 
4.45 480 

. . 40 . . 60 . . 18 

. . 40 . . 32 

. . 37 

. . 38 .. 65 . . 30 .. 48 .. 55 .. 44 

. . 29 .. 16 . . 41 
2.00 60 
2.16 9 
2.30 15 
2.46 22 
3.00 50 
3.30  83 
3.45 23 
4.00 21 
4.16 27 
4.30 29 
4.46  46 
6.00 69 

2.00 14 

2 
15 
20 
3 
7 
6 

8 
6 

300 
25 
4 
6 
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Field Laboratory  Report.  Laboratory  at Sarnia, Ont. Sarnia Water Supply. 

, Samples taken from a city 
Ilated immediately. Before chlorination. Samples taken  from well After  chlorinatic 

outslde pump house. tap and 
I 

" 

Colon Bacilli 

48 Hours Incubation 
Fermentation  Teat 

37OO 

Fermentation Test 
Colon Bacilli 

48 Hours Incubation 

Bacteri 

i C a  j ?  sm.2 
jy.& 034 * *  

;",a 
iripldlY 

Count 
Per CC 
" 

6 
16 
22 
2 

28 
32 
33 
10 
9 

19 
62 
41 
13 
30 
0 
4 

16 
19 

19 
.. 

33 
45 
61 
24 
32 
16 
27 
57 
30 
34 
34 
24 
35 
42 
39 
26 
22 
22 .. .. .. 

37oc I .  DATE 

1913 
"- 

Aug. 2 5 . .  
" 2 5 . .  

. I' 2 5 . .  
'( 2 5 . .  

2 5 . .  

Aug. 26.  
' I  26.  

26. 
' I  26. 

26. 
26. 

Hour 
Plated 

..MI P.M 
" - 

.oo .. 

.oo .. 

.oo .. .. 4.0( 
* -  5.0( 

1: 

L 

" 
I /  

- 

3 m  
8 I 8  
" 

0 4  + +  
o +  
O +  
I 4  
0 - i  
0 -1 
0 -+ 
O +  
0 +  
-t i 
O S  
O +  
t S  
O (  
0 '  
t t  
t S  
o t  
O +  

0 -  
t- + 
f-t 
0 - t  + +  
t t  
+ -t 
+- t  
ti 
+-I 
0 4  
0 4  + 
0 -  
0 -  
0 
0 
0 

- 
E 

C 
C 

. _  

- 
0 

4 0  
u w  
q - !  

_" 

. . .  . . .  . . . .  . . . .  
. . . .  

. . . .  .... .... .... .... . . . .  

0 
" 0  2 3 0 2  
q9' 
"- 

.. . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

...... 

. . . . . .  

. . . . . .  

. . . . . .  ...... 

...... 

...... ...... ...... 

...... 

...... ...... 

. . . . . .  

...... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . .  
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6 
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1 
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3 
6 
2 
3 
3 
2 
6 
6 
5 
6 
8 

2 
4 

33 
8 

12 
4 
5 

11 
7 

11 
5 
4 
4 
0 
3 
1 
3 

Aug. 25. .. 8.30 .. 25 .... 8.45 
" 25 .... 9.00 
" 2 5 . .  . 9.15 .. 25 .... 9.45 
" 2 5 . .  . . l O . O O  
" 2 5 . .  . .10.15 .. 2 5 . .  . .10.30 .. 2 5 . .  . -10.45 
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.. 5.3( 
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).30 .. 
) .45 .. 
1.06 .. 
1.15 ,. 
1.30 .. 
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"00 . . 

2.0 

- 

" 25 .... 
" 25 .... 
" 2 5 . .  . .  
" 2 5 . . .  . 
'( 25 ... 
" 25 ... 
" 25.  . .  

j.00 
1.00 
1.00 .. .. .. 

- 

.ug. 2 6 . .  . 
" 26.  .. 
" 26 . . .  
" 26 . . .  
" 26 ... 
" 26 . . .  
" 26 . . .  
'' 2 6 . .  
" 26 ... 
" 26 ... 
" 26.  . .  

26.  .. 
l' 26 ... 

26 . . .  
" 26.  .. 

26 ... 
2 6 . . .  
26 ... 
26 ... 
26 ... 
2 6 . .  . 
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+ .* 
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.. .. 
1 .. 
I- .. 
0 .. 
I- .. 
t .. 
t .. 
t .. 
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Before chlorination. Samples taken from well 
outside pump house. 

After chlorination. Samples taken from 8 City 
tap and  plated immediately. 

I I 

Aug. 2 7 . .  .; 8.30 .. 19 
" 27 . . . I  9.20 .. 21 
" 27 . . . ;  10.30 .. 17 
" 2 7 . .  ./11.30 .. 10 

27. . . . .  2.00 18 

27 ...I .. 4.00 24 
27 . . . /  .. 3.00 4 

" 27 . . .  
" 27 . . .  
(' 27 . . .  
(' 27 . . .  
'' 2 7 . .  . 
I' 27 . . .  
" 2 7 . .  . 
'' 27 . . .  
'' 27 . . .  
' l  2 7 . .  , 

27 . . .  
(' 27 . . .  
'( 2 7 . .  

2 7 . .  
2 7 . .  

" 2 7 . ,  
'( 2 7 . .  
" 2 7 . .  

~ 

A.M. 

8.30 
8.45 
9.00 
9.15 
9.30 
9.45 

10 * 00 
10. 15 
10.30 
10.45 
11.00 
11.15 
11.3C 
L1.4E 

- 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. 

.. .. .. .. 

l- " .. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 

2.0( 
1.41 
2 . a  
2.1: 
2.3( 
2.4i 
3.0( 
3.1: 
3.3( 
3.41 
4.0( 
4.1: 
4.3( 

.. 

45 
50 
44 
27 
ti2 
33 
29 
12 
39 
85 
51 
12 
38 
22 
56 
50 
26 
21 
19 
24 
9 

32 
8 

15 
14 
ti 
4 

Jounts 

i E 
1 0 0  
bo rn'; 

-. 6 o s  
4:- 

".*E ., 
" . . ~ ~  
('ount 
Per CC 
" 

4 
8 
7 
1 
7 

52 
13 
7 
3 
4 

10 
" 0  

23 
4 

13 
12 
5 
ti 
6 

10 
21 
23 
1 
1 
4 
2 

11 

Fermentation  Test 
Colon  Bacilli 

48 Hours  Incubation 
3 I 0 C  

:4:: 21 :  I 
? 9,' 
"- 
...... 
. . . . . .  
...... 
...... 
.. ..~.. 
.. . . I . .  

. . . ... 

. . . . . .  

. . . . . .  

.. ..;a ~ 

.. ..#.. 
, '  

. . . . . .  . - I * *  . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

.. . . I . .  . . . ... 

...... ...... 

...... 

...... ...... 

...... ...... 

I -  

____ 
; 1:: 12 ,I ig 
4 im 6 N 'm 

0 -4- 

.. -t 0 
.. + .. -t 0 
.. + .. + + 
.. + .. + t 
.. + .. + 0 
.. + .. 

+I.. t + .. + i . .  
0 + .. si.. 
0 4- 

.. + .. + + 

.. + .. 
+ + .. + .. 
0 + .. + .. 
0 0 .. + 

.. + .. + t 

.. + .. 0 0 

.. -t 0 . .  0 

.. + .. + t 

.. + .. 0 0 

.. + .. + 0 

.. + ,. + 0 

.. + 0 . .  0 

.. 

0 0 .. + .. 
0 0 .. + .. 
0 0 .. + .. 

I '  ""_ 

t- .. ..I+ 

t 

1 1  
.. O ~ . . !  t t 
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DATP 

1913 

Sept. 5 . .  ..... 
" 11.. ..... 
" 12. .  ..... 
" 16. .  ..... 
" 1 7 . .  ..... 
" 19. .  ..... 
" 20.. ..... 
" 22. .  ..... 
" 23. .  ..... 
" 24.. ..... 

Averages.. ...... - 
Sept. 5 . .  ..... 
" 11.. ..... 
" 1 2 . .  ..... 
" 16. .  ..... 
" 17 ....... 
" 1 9 . .  ..... 

20. .  ..... 
22. .  ..... 

" 23. .  . . . . .  
" 24 ....... 

Averages.. ...... 

Sept. 5 . .  ..... 
" 11.. ..... 
" 1 2 . .  ..... 
" 16. .  ..... 
'' 17 ....... 
" 1 9 . .  ..... 
" 20.. ..... 
" 22.. ..... .. 2 3 . .  ..... 
'' 24.. ..... 

Averages.. ...... 

Sept. 5 . .  ..... 
" 11.. ..... 
" 12. .  ..... 
" 16.. ..... 

17..  ..... 
" 19.. ..... .. 20.. ..... 

Bacteri 
i -  

"ZS: 
Count  
Per  C C  

4 
5 
8 
8 
4 
G 
3 
2 
2 
2 

4 

11 
3 
1 
6 
7 
2 
1 
3 
4 
1 

3 
" 

" 

6 
3 
3 
3 
3 
3 
3 
0 
3 
1 

2 

11 
2 
2 
4 
2 
5 
1 

DATE 

1913 

Sept.  22.. 4 
" 

..... 
" 23.. ...... 
'' 24. .  ..... 

Averages.. ...... 

Sept. 5 . .  . . . . .  
" 11.. ..... 

12.. ..... 
" 16. .  ..... 
" 17. .  .... 
" 19. .  ..... 
" 20. ...... 
" 22.. ..... 
" 23.. ..... 
" 24.. .... 

Averages.. ..... 
" 

Sept. 6 . .  . . . . .  
" 11.. . . . . .  
" 1 2 . .  ..... 
" 1 6 . .  ..... 
'' 1 7 . .  . . . . .  

1 9 . .  ..... 
" 20. .  . . . . .  
" 2 2 . .  . . . . .  

23.. . . . . .  
'' 24.. . . . . .  

Averzges.. ..... , 
- 
Sept. 5 . .  ..... 

l1 11.. ..... 
" 1 2 . .  ..... 
" 1 6 . .  ..... 
" 17.. ..... 
" 1 9 . .  ..... 

20.. ..... 
" 22. ,  ..... 

23. .  ..... 
(( 24. ...... 

Averages.. ...... 

9 
6 
3 
G 
2 
4 
2 
1 
2 
4 

3 
- 
" 

4 
0 
1 
3 
3 
2 
4 
4 
0 
2 

2 
.__ 

- 
2 
3 
1 
G 
4 
3 
2 
0 
2 
2 

2 
- 

d -  d i  Fermentation  Test 

I 
0 20 ...... 0 0 .. 
2 .... 0 0 .. 
0 0 0 . .  

2 8 0 B . C o l i  p e r l l  

14 

3 .. .. 
5 . . . . . .  
3 . . . . . .  
1 . . . . . .  O O , . .  ...... G 

0 0 . .  ...... 1 
0 0 . .  ...... 4 

.. 0 0 ...... 

- 1 -  
1 1  

g O ~ B . , C o  11 pe r l  

"""_ "-"I- 
1 ...... 0 0 . .  
5 ...... 0 

3 . . . . . .  0 0 . .  
3 ...... 0 0 . .  

80 ...... 0 0 .. 
12 . . . . . .  0 0 .. 
5 ...... 00.. 
7 ...... 0 0 . .  

11 ...... 0 01.. 

6 OIB. C o l i  pe  r l  
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"" "" 

- , _ _  "" 

I 
1 

0 1 

.. 0 0 .. 5 1 . .  

0 0 . .  . . . . . .  5 1 
0 0 . .  . . . . . .  

4 ' 0 0 . .  . . . . . .  
4 " 1 . .  

.. 0 0 : : I  3 : :~: :  

.. 0 0 .. 
12 I::, . . .. .. 0 0 
15 0 . .  0 

1 / . . I . .  .. 0 0 .. 
5 ! . . I  . . . .  0 0 . .  

- 

" 

0 0  
0 0  
0 0  

BO cc 
" 

" 

0 0  
0 0  
0 
0 0  
i- 

0 0  
0 0  

0 0  
0 0  
0 0  
0 0  1 " 

8 
0 0  

+E 

" 

0 0  
0 0  
0 0  
O +  
0,  0 

OI O 0" i  0" 
O +  
0 0  

I O C C  . 
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i 
.+ 
c 

DATE E 
M 

a 
.- 
I 

1913 i m ""- - 
S e p t .   5 . .  ..... 8 

9 ....... 1 .. 1 0 . .  . . . . .  .. 11..  ..... .. 1 2 . .  ..... .. 1 3 . .  ..... .. 1 6 . .  ..... .. 1 7 . .  ..... .. 1 9 . .  ..... .. 20 . .  ..... .. 2 3 . .  ..... .. 2 4 . .  ..... .. 2 5 . .  ..... .. 26 ....... 
u 2 7 . .  ..... .. 2 9 . .  ..... .. 3 0 . .  ..... 

Averages.. ...... 
.__ I" 

Sept. 5 . .  ..... 
(1 9 ....... I 
* 1 0 . .  I 
" 1 1 . .  . . . . .  
" 1 2 . .  ..... 
" 16 .  ...... 

1 7 . .  ..... 
6' 1 9 . .  ..... 
" 2 0 . .  . . . . .  

..... 

'& 2,3. ...... .. 2 4 . .  ..... 
'' 2 5 . .  . . . . .  
'' 2 6 . .  ..... 
'' 2 7 . .  ..... .. 2 9 . .  ..... 
" 30 ....... 

Averages. ....... 
" 

Sept. 5.. ..... 1C .. 9 . .  ..... .. 1 0 . .  . . . . .  .. 1 1 . .  ..... .. 19.. ..... .. 1 6 . .  ..... .. 1 7 . .  ..... .. 1 9 . .  ..... 

3actc 
" 

7 
17 
5 
2 
4 

9 
3 
1 
3 
0 
0 
2 
0 
3 
3 
0 

3 

.. 

- 
- 

3 
7 
7 
4 
2 

24 
4 
4 
5 
4 
2 
1 
0 
2 
4 
4 

4 
- 

4 
11 
7 
4 
1 
9 
3 
3 

- 

7'[ 
- 

6 
4 
6 
2 
3 
7 
9 
10 

-1-1 ""I" 
016. Co li pe r 1 00 cc 

"""" 

...... 0 0 . .  0 0  

...... 0 0 . .  0 0  

. . . . . .  0 0 . .  0 0  

...... 0 0 . .  0 0  

. . . . . .  0 0 . .  0 0  

...... 0 0 . .  0 0  ...... 0 0 . .  0 0  ...... 0 0 . .  0 0  

DATE 

1913 
" 

Sept. 2 0 . .  ..... 
'' 2 3 . .  ..... 
" 24 ....... 
" 2 5 . .  ..... 
" 2 6 . .  ..... 
" 2 7 . .  ..... 
" 2 9 . .  ..... .. 3 0 . .  ..... 

Averages.. ...... "- 
S e p t .   5 . .  ..... 

* 9  ....... 
1 0 . .  ..... 

" 1 1 . .  ..... 
" 1 2 . .  ..... 
'' 1 6 . .  ..... .. 1 7 . .  ..... 
" 1 9 . .  ..... 

2 0 . .  ..... 
" 2 3 . .  ..... 
" 2 4 . .  ..... 
'' 2 5 . .  ..... 
&' 2 6 . .  ..... 
" 2 7 . .  ..... 
" 2 9 . .  .... , 
" 30 ....... 

Averages.. ..... 
Sept. 5 . .  .... 

" g . . . . . .  
" 1 0 . .  .... 
" 11.. ..... .. 12.. ..... 
'' 16 ....... 
'' 1 7 . .  .... 
" 1 9 . . . . . . ,  
" 2 0 . .  ..... 
y 23 ...... 
" 24 ...... 

25 ...... 
2 6 . . .  ... 
2 7 . . . . . .  
29 ...... 
30 ...... 

Averages.. ..... 

" 

1 

.- 

3 

" 

I 

Bacter __ 

' 0 5  : 
g j  

o Mm.. 

,J .zn:  
m-m 
3 p l d c  
Count 
Per CC 

__ 

- 
3 
2 
2 
0 
0 
4 
8 .. 

.__ 

3 - 
5 
4 
9 
2 
2 
5 
3 
4 
2 
2 
1 
2 
0 
3 
3 
4 

3 
- 
7 

7 
6 

26 
1 
2 
4 
2 
6 
3 
3 
2 
1 
0 
4 
2 
2 
" 

4 

3 
4 

13 
1 
4 
9 
5 

14 
8 
4 
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8 
3 
2 

. o  
5 
" 

7 - 
6 

Colon Bacilli 
Fermentation  Test 

48 Hours Incubation 
3700 

.- 

" 

- 
- 

5 
3 3 1:: 1.. ::I: . . I .  
4 . . . . .  

16 . . . . .  
6 . . . . .  
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6 ..... 
4 . . . . .  
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*.I.* - .  
. . . . . .  
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. . . . . .  
. . . . . .  
. . . . . .  
...... 
" - 
0 B.  Co 

...... 

. . . . . .  

. . . . . .  

...... 

. . . . . .  

. . . . . .  

. . . . . .  

...... 
+ .... 
. . . . .  
. . . . .  
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"- 

O B .  C "- 
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I 

I I '  . -  

o o o o u o z  
u " 0 Y ) O  
4 v ) , + N L n  ""_ 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 

i p e r l 0 0 c c  

.., 

""_ 
""_ 
0 0 . .  0 0 
0 0 . .  o +  
0 0 . .  0 0 
0 0 . .  0 0 

::I :I:: s P 
0 1 0 . .  0 0 

010 . .  o +  
0 1 0 . .  0 0 

. I  

11 ...... 
0 ...... 
3 ...... 
1 . . . . . .  .. + 0 

0 ' 0 . .  
0 0 

0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
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Fermentation  Test 
Colon Bacilli 

48 Hours  Incubation 

Bactex 
a 
go 5 
$ 0  M m .  

Count 
Per C( 
" 

10 
3 
0 
3 
3 
4 
3 
2 
0 
1 
0 
1 
2 
1 
4 

2 

- 
0 
6 
2 
1 
3 
6 
1 
1 
1 
2 
2 
0 
2 
2 
2 

2 

DATE 

1913 

Sept. 6 . .  . . . . .  
" 9. ...... 
" 1c. . . . . . .  
" 11.. ..... 
" 12 . .  ..... 
" 16 . .  ..... 
" 1 7 . .  ..... 
" 13,. . . . . .  
<' 23. . . . . . .  
" 24. .  ..... 
" 25..  ..... 
" 26. .  . . . . .  
'' 27..  ..... 
" 29..  ..... 
" 3 0 . .  ..... 

Averages. ....... 

Sept. 5 . .  . . . . .  
" 9  ....... 
" 1 0 . .  . . . . .  
" 11.. . . . . .  
" 1 2 . .  . . . . .  
" 1 6 . .  . . . . .  
" 17 . .  ..... 
" 19 . .  . . . . .  
" 23 . .  . . . . .  
1( 24.. . . . . .  

25 ....... 
26. .  . . . . .  

'' 27..  . . . . .  
" 29..  . . . . .  
" 30. .  . . . . .  

Averages.. ...... 
"" 

Sept .   5 . .  . . . . .  
I' I 9. ...... 
" 10 . .  . . . . .  
" 11.. . . . . .  
" 1 2 . .  ..... 
" 16. .  ..... 
" 17. .  ..... 
" 19 . .  ..... 
" 23.. ..... 

37oc 

Xlo";: 
v o w  

~ I r n r l N V )  -"" 
0 0 . .  0 0 
0 0 . .  o +  
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  0 0 
0 0 . .  + + 
0 0 . .  0 0 
0 0 . .  o +  
o + . .  0 0 
0 0 . .  + +  
0 0 . .  0 0 
0 o . . +  0 

i p e r l  OOcc 
""- 

_"" 
0 0 . .  0 0 
0 0 . .  o f  
0 0 . .  o +  
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0 0 . .  0 0 
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o + . .  0 0 
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i p e r l 0 0 c c  
_"" 

""_ 
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0 0 .. -1- 0 
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0 0 . .  

010 

DATE 

1913 

0 

o r l  4 1 :  
q q l  
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.. . . .  ..... ..... ..... 
..... . . . . .  ..... ..... 
.... ., 
. . . . .  ...... . . . . . .  ...... 
...... ...... 
"- 

1 6. CI 

"- 

...... ...... ...... 

. . . . . .  ...... 

...... 

...... 

...... 

...... ...... 

. . . . . .  

. . . . . .  

. . . . . .  

...... 
,. .... "_ 
1 6 .  c o  

"_ 

...... 
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  ..... ..... 

Sept. 24. .  .... 
" 26 ...... 

I' 26 . .  .... 
'' 27..  . . . .  
" 29. .  .... 
" 3 0 . .  .... 

14 
4 
6 
5 
2 
7 
4 

90 
25- 
2 
3 

2 
0 
1 

11.7 

.. 

- 
5 
4 
2 
5 
2 
3 
3 

18 
6 
8 
7 
3 
0 
1 
6 

0 0 .  
0 0 .  

+ + .  
0 0 .  
0 0 .  
0 -t . 

...... ...... 

...... 

...... ...... 

...... O f  
O +  

00 cc 
" 

" 

0 0  
O +  
O +  
0 0  
0 0  

f 0  
O f  
O +  
t f  
t +  
t i- 
t o  
t t  
ti 

0;  0 

" 

IO cc 

" 

0 0  
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0 0  
0 0  
t +- 
O f  
t +  
t +  
t +  
t +  
t -i- 
0 0  
0 0  
0 0  

" 

E 

Averapcs.. ..... 1 

- 
1 
4 
3 
0 
1 
5 
2 
8 
2 
3 
0 
0 
2 
2 
0 

2 
- 

4 
7 

58 

2 
3 
3 
(5 
3 
0 
1 
2 
0 
1 
5 

.. 

Sept. 6 . .  ..... 
s...... 

" 10 ....... 
' I  11.. ..... 
" 12. .  ..... 
" 1 6 . .  . . . . .  
'' 17.. . . . . .  
" 1 9 . .  . . . . .  
" 23..  ..... 
'' 24 . .  . . . . .  
'' 25. .  ..... 
" 26. . . . . . .  
" 27. .  . . . . .  
" 29..  . . . . .  
" 30 . .  . . . . .  

" 

I I  

" 

Averages: ...... 

Sept .   5 . .  ..... 
" 9 . .  ..... 
(' 11.. ..... 
" 10. .  ..... 
I' 12. .  ..... 
" 16 . .  ..... 
" 17 . .  . . . . .  
" 19. .  . . . . .  
" 23..  . . . . .  
" 24. .  . . . . .  

2 5 . .  ..... 
" 26.. ..... 
'' 27.. . . . . .  
" 29. .  ..... 

30 . .  ..... 

4 ...... 
2 ...... 
3 ...... 

29 . . . . .  
1 ...... 
4 . . . . . .  
4 ...... 
2 . . . . . .  
3 . . . . . .  
3 . . . . . .  
6 . . . . . .  

19 . . . . . .  
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Field  Laboratory  Reports.  Laboratory  at  Windsor. Ont. Waters of Lake  St. Clair. 
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Field Laboratory Reports. Laboratory at Windsor, Ont. Water Supplies Detroit River. 

Walkerville Tap Water after Disinfection by Chlorination. 

DATE 

1913 

Sept. 2 6 . .  I 
Walkerville 

" 26 . . .  
" 26 . . .  
" 26 . . .  
" 26 . . .  
" 26 . . .  
" 26 ... 
" 26 . . .  
" 26 ... 
" 26 . . .  
" 26 ... 
" 26 . . .  
" 2 6 . .  . 
" 26'. . 
" 26 . . .  
" 26 ... 
" 26 ... 
" 26 ... 
" 26 ... 
'' 26 ... 
" 26 ... 

il 

- 
A.M - 
:ap .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. .. 
.. 
.. 
.. .. 
.. .. .. .. .. .. 
.. .. 
- 

1 Baoteri 

" 

V Vater 
3.15 
3.20 
3.25 
3.30 
3.35 

3.45 
3.50 
3.55 
4.00 
4.05 
4.10 
4.15 
4.20 
4.2.i 
4.30 
4.35 
4.40 
4.451 
4.501 I 

3.401 

4 * 5 6 1  

.. 

.. .. 

.. .. 

.. 

.. .. 

.. 

.. .. 

.. 

.. 

.. .. 

.. 

.. .. 

.. .. .. 

3 7 0 0  

-! v 2 0 l u  
V ) l 3  
Q g  

"" 

0 0 0 . .  
0 0 0 . .  
0 0 0 . .  
0 0 0 . .  
0 0 0 . .  
0  0 0 . .  
0  0 0 . .  
0 0 0 . .  
0 0 -t . . 
0 0 0 . .  
0  0 0 . .  
0 0 0. .  
0 0 0 . .  
0 0 0 . .  
0 0 0. .  
0 0 0 . .  
0 0 0 . .  
0  0 0 . .  
0  0 0 . .  
0 0 0 . .  
0  0 0 . .  

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
t o  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

-/-I- ll " I" 
~ Walkerville Tap 

Oct. 2 . .  . . .  
2 . . .  .. 

L( 2 . . .  .. 
2 . . .  .. 

I' 2 . .  . . .  .. 2 . . .  .. 
I " 2 . . .  .. 

" 2 .  . . . .  
" 2 . . .  .. 

2 . . .  .. 
(' 2 . .  . . .  

2 . . .  .. 
" 2 . . .  .. 

~ " 2 . . .  .. 

' I  

Naier 
2.10 
2.45 
2.50 
2.55 
3'. 00 
3.05 
3.10 
3.15 
3.20 
3.25 
3.30 
3.35 
3.40 
3.45 
3.50 

.. .. .. 
I .  .. .. .. 
.. 
.. 
.. 
.. 
.. .. .. .. 

.. .. .. 

.. .. 

.. .. .. 

.. 

.. .. 

.. .. 

.. .. 

aolon  Bacilli 
Fermentation Test 

48  Hours Incubation 
37oc 

:Ir ??l 
-" 

...... 

. . . . . .  

. . . . . .  

...... 

. . . . . .  

. . . . . .  

. . . . . .  

...... 

...... 

...... 

...... 

. . . . . .  

. . . . . .  

...... 

. . . . . .  

u u 8 8 : :  
+ m ? i m I o  
c u a V ) o  

-- "_ 
0 

0 0 0..  0 
0 0 0. .  0 
0 0 0. .  0 
0 0 0 . .  0 
0 0 0. .  0 
0 0 0 . .  0 
0 0 0. .  0 
0 0 0. .  0 
0 0 0 . .  0 
0 0 0. .  0 
0 0 0 . .  0 
0 0 0. .  0 
0 0 0 . .  Q 
0 0 0. .  0 
0 0 0 . .  
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Field Laboratory Reporla. Laboratory at Amherstburg, Ont. Water  Supplies, Detroit River. 

DATE 

1913 
~ ~~ 

Sept. 8. .  
" 9 . . .  
" 9 . . <  
&' g . . .  
" 10. . .  
" 10 ... 
" 10. . .  
" 10 . . .  
" 11 ... 

11. . .  
' I  11. .. 
" 11 ... 
' I  12. . .  
" 1 2 . . .  
" 12 . . .  
" 12 ... 
" 12 ... 
" 12. .. 
" l a .  .. 
" 12 . . .  
" 12 ... 
*' 12. .. 
" 12 ... 

12 ... 
" 12 ... 

12 ... 
12 ... 

. " 12 ... 
" 12 ... 
" 12 ... 
" 1 3  ... 
' I  13  ... 
" 1 3  ... 
" 13  ... 
'' 13 ... 

13  ... 
16 ... 

'' 16 ... 
" 16 ... 
" 16 ... 

Amherstburg Tap Water, Improper Chlorination. 

I" Bacteri 

.. .. 1000 
0 .oo . . 1000 
. . 2.00 500 .. .3.30 500 

9.00 .. 5000 
0.30 . . 5000 . , 12.30 5000 
.. 2.45 5000 

9.20 .. 800 
0.30 .. 504 
. . 12.00 700 
. . 2 .OO 250 

8.00 .. 1800 
8.30 .. 2000 
9.00 .. 172 
9.30 .. 220 

0.30 .. 250 
1.00 .. 480 
1.40 .. 650 
. . 12.00 1000 . . 12.30 1000 . . 1.45 480 . . 2.15 360 .. 3.45 600 . . . 3.15 2500 
, . 3.45 450 . . 4.15 3000 
. . 4.45 400 
. . 5.15 3500 . . 12.15 1500 . . 1.45 450 . . 3.00 250 . . 4.00 2500 .. 5.00 2000 

1.00 .. 22 
1.30 .. 33 
1.00 .. 42 
1.30 .. 30 
! . O O  .. .. 

0.00 * *  170 

400 
1000 

200 
300 

3000 
3000 
3000 
3000 
so0 
300 
800 
160 
316 
476 
65 
62 
45 
35 

140 
108 
124 
244 
121 
84 

144 
116 
188 
92 

268 
340 
75 
42 
38 
57 

160 
8. 

12 
15 
16 .. 

Oolon Bacilli 
Fermentation Tent 

48 Hours Incubation 
37OO 

0 

4 0 0  o r l u  
0 0  

e ? ?  
"- 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  . . . . . .  
...... 
. . . . . .  ...... 
. . . . . .  
. . . . . .  . . . . . .  
. . . . . .  
...... 

I . . . . . .  
...... ...... 
. . . . . .  ...... 
...... 
...... ...... 
...... 
...... ...... ...... ...... . . . . . .  . . . . . .  ...... ...... ...... . . . . . .  
...... ...... ...... . . . . . .  
...... . . . . . .  

DbTE 

1913 

Sept. 16. .. 
" 16 . . .  
" 1 6  . . .  
" 16 ... 
" 16 ... 
" 1 7  . . .  
" 19.  . .  
" 19. . .  
" 19 . . .  
" 1 9 . . .  
" 1 9 . . .  
" 19 ... .. 19 . . .  
' I  22 ... 
" 22 ... 
" 22 ... 
IL 22 . . .  
" 22. . .  

23 ... 
" 23 . . .  
" 23. . .  
" 23 . . .  
" 26. , .  
" 26 . . .  
" 26 . . .  
" 26 . . .  
" 30 ... 
" 30 . . .  
" 30 ... 
' I  30 ... 
' I  30..  . 
" 30 ... 

Oct. 2. . 
" 2 . . . ,  
Ii 2 . . .  

(' 2 . .  
(( 2. .  

.. 2 . . . '  

A.M 
" 

.. .. .. 

.. 

.. .. 
9.0( 
9.3c 
0.oc 
0.3C 
1.00 
1.30 .. 
.. .. 
.. .. .. 

0.00 
1.00 
.. 
.. .. 
.. .. 
.. 

0.00 
1.00 .. .. .. .. 
9.00 
0.00 
2.00 

.. 

.. .. 

1, Bacter i a1 
d h- 

- 
d !  

Hour 

~ 

E 2 E 2 immediately 

' 
Plated 

d N a 2 P collected. 
* ~ ~ 4 1 . 2  

Bp P,.s 

Count 
. I  Per UO P.M. 
" 

2.00 
.. 2.30 

short of 

560 3.00 
.. 5.00 
.. 3.30 
.. 3.00 

. . 80 

. . 60 

. . 35 

. . 50 

. . 30 

. . 25 
2.00 70 
.. 110 .. 12 .. 12 
.. 1 4  
.. 6 
. . 64 
. . 36 

1.00 68 
5.00 60 
. . 40 .. 46 .. 58 . . 70 
. , 250 .. 300 

2.00 300 
3.00 350 
4.00 45 
5.00 300 
4.00 4 
.. .. 
.. .. .. 

2.00 .. 3.00 
.. *. 

Oounta ' h' F g 
%-E& $V.E!S;c 
. + * a  

Per OU 
Count 

)lid met ,. .. .. 
75 

122 
63 
64 
42 
39 
11 
22 
64 
12 
10 
8 
8 

18 
48 
30 
22 
30 
28 
68 
70 
59 
74 

132 
98 
35 
38 
14 

. I  

.. .. .. .. .. 

J 
ri 

Oolon Bacilli 

48 Hours Incubation 
Fermentation  Test 

a v o  

A 0 V  
0 4 0  

8 0  
q q l  

ia .... 
"- 
...... ...... ...... ...... ...... ...... ...... ...... . . . . . .  ...... 
...... 
...... 
...... 
...... ...... 
. . . . . .  
,. .... . . . . .  
. . . . .  ..... 
..... . . . . .  ..... ..... ..... 
. . . . .  . . . . .  ..... ..... ..... ..... 
. o o  
. o o  
. 
. o o  

o +  
. o o  
. o o  

- 
v 0 :  
2 ; s  

+ + .  
O + .  + + .  
O + .  
0 0 .  
t 

0. .  0 
0..  0 
.. o +  
.. + i- 
.. + I- 

0 . .  0 
.. + I- 
.. + I- 
.. + t 
.. + I- 
.. + t 
.. + I- 
.. + k 
.. + I- 
.. + t 
.. + t 
.. o +  
.. + 0 
.. + t 
.. + 1 

0 . .  0 
0 . .  0 
0 . .  0 
0 . .  0 
.. $- t 
.< o +  
.. + + 
.. + t 
.. + t 
.. + t 
.. + t 
.. + t 
., + 

"- 
a 0  

Nl.7 
In0 
a v  

" 

+ +  
+ +  + +  + +  
+ +  + +  
+ +  + +  + +  + +  
+ +  
+ +  + +  
t +  
O f  
0 0  
0 0  
0 0  
t +  
t +  
t i -  
t +  
F +  + +  
t +  
t +  
t +  
t +  
t +  
t +  
t +  
t- 
t +  

7- 

t +  
t +  
t +  
0 0  
0 0  
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Field  Laboratory  Reports.  Laboratory  at  Windsor, Ont. Waters of the Detroit River. 
I 

Fermentation  Test 
Colon  Bueilli 

48 Hours  Inrubation 
3 7 o c  

Bacteri 

$& E ::",i;M.; 
d m  El g 2  g.l .z&l E 
i32;65: -~ -~ 

Count 
P e r  CC 
" 

43 
15 
6 
9 
7 
7 
2 
0 

14 
3 
3 

I80 
88 

157 
8 

3 6 . 1  
" 

" 

8 
6 
7 
8 
9 
5 
3 
1 
n 

. ." al Counts - rial 

DATE 

1913 
"" "_ 

Sep t16  ...... 
" 17. .  . . . .  
" 18 . . . . . .  
" 19 . . . . . .  .. 2 0 . .  . . . .  
" 2 2 . .  . . . .  

Averages.. ..... 

Sept .   5 . .  .... 
'* 6 . . . . . .  
(' s . . . . . .  
" g . . . . . .  
" 10. .  . . . .  
" 11.. ..... 
" 1 2 . .  . . . . .  
" 1 3 . .  . . . . .  
" 15. .  . . . . .  
" 16 . .  . . . .  
L g  1 7 . .  . . . . .  
" 18.. . . . . .  
" 19 . .  . . . . .  
" 2 0 . .  . . . . .  
(( 2 2 . .  ..... 

Averages.. ..... , 
"" 

Sep t .   5 . .  . . . . .  
" 6 .  . . . . . .  
" 8 .  ...... .. 9 .  . . . . . .  
" 1 0 . .  . . . . .  
" 1 1 . .  . . . . .  
" 1 2 . .  . . . . .  
" 13 . .  . . . . .  
" 15.. ..... 
" 16 . .  ..... 
" 17 . .  ..... 
<' 1 8 . .  . . . . .  
" 19. .  . . . . .  
" 20..  ..... 
'( 2 2 . .  ..... 

Averages. ....... 

DATE 

1913 

Sept .   5 . .  .... 
" 6. . . . . . .  
" 8 . .  ..... 
" 9 . .  ..... 
*' 10. .  . . . .  
" 11.. . . . . .  
" 1 2 . .  . . . . .  
," 1 3 . .  . . . . .  

15 ...... 
'' 16 . .  .... 
" 17. .  . . . .  
" 1 8 . .  ..... 
" 19. .  . . . . .  
" 2 0 . .  ..... 
'( 2 2 . .  ..... 

A' 

'Averages.. ...... 
" 

Scpt .   5 . .  ..... .. 6 .  . . . . . .  
" 8 . .  ..... 
" 9. . . . . . .  
" 1 0 . .  . . . . .  
" 11.. . . . . .  
" 1 2 . .  . . . . .  
" 13 . .  ..... 
" 15. .  ..... 
'' 16. .  . . . . .  
" 17. .  ..... 
" 1 8 . .  ..... 
" 19 . .  . . . . .  
" 2 0 . .  ..... 
(' 2 2 . .  . . . . .  

Averages.. ...... 
"- 

Sept  5. .  ..... 
" 6. . . . . . .  
" 8. .  ..... 
" 9.  ...... 
" 1 0 . .  ..... 
" 11. .  ..... 
" 12. .  ..... 
" 13.. ..... 

15. .  ..... 
J 

__ 

N ' u )  

-I- 
01 + 

i - I  t 

-t + - I  + + 

" 

D O  cc  

" 

0 0  
0 0 
0 0  
I- -t 
0 i  
0 0  
t , -t 
0' i- 
I I - ?  
0i t 

1 

: ) B  
x u )  n o  

" 

f f  
0 0  
t +  
0 0  
O f  
0 0  
0 0  
O f  
O f  
0 0  
t +  
t f  
t f  
0 0  
t +  
" 

0 cc 

" 

0 0  
0 0  
O f  
0 0  
- 0  
0 0  
D O  
D f  
D +  
D O  
- f  - +  
+ 

1 0  
. I -  - 

" 

D cc 

4 . . . . .  
6 . . . . .  
7 . . . . .  
5 . . . . . .  
5 . . . . . .  

4 ! . . . . .  

" I--- 
46 ...... 

. 25 . . . . . .  
9 . . . . . .  
1 . . . . . .  

12 . . . . . .  
8 . . . . . .  
4 . . . . . .  
7 . . . . . .  

18 . . . . . .  
5 . . . . . .  
3 . . . .  , .. 
3 . . I . + .  

12 .. . . I . .  

6 . . I . .  .. 
2 ...... 

1 0 . 7   1 0 8 .  Co 
""- 

" - -1- 

I 
4 I.. . . . .  

10 . . . . . .  
3 . . . .  
6 . . . . . .  

11 . . I . .  .. 
0 . . . . . .  
2 l . . ~ . . i . . l  

" 

11 
2 

1 li 6 
2 
8 
6 
6 
9 

28 
30 
6 
5 

H 
- 

" 

4 
5 
7 
8 
9 
2 
3 
3 
7 

1 0  0 .  
0 

0 . .  0 
0 .  0 
0 .  + 
0 .  0 
0 .  0 
0 .  0 
0 .  0 
0 .  0 
0 .  0 
0 .  

+ + .,  + + * *  

0 0 . .  
0 0 . .  

li pe r l  
"_ 

"_ 

O 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 -I- .. 
0 0 . .  
0 +  .. 
0 + .. 
0 0 . .  
0 -I~ .. 
0 0 . .  
0 0 .. 
0 +  .. 
i p e r l  
-" 

. . . . . .  

...... 

...... 

. . . . . .  

...... 
I * *  . . .  . . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
.. 

CI 8.  14 

( . ... 
1 0 

"" 

"- 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

...... 

...... 

. . . . . .  

...... 

. . . . . .  

. . . . . .  "- 
4 co H.  
_" 

. . . . . .  

. . . . . .  
~ i '  . . . . . .  

. . . . . .  

. . . . . .  

.. .... , 
. . . . .  
. . . . .  
. . . . .  

6 

-1 
. i  I 22 

11 
8 
5 
6 
1 
6 
1 
2 
2 
3 
5 
8 
3 
3 

" 

.- 

E 

- 

" 

IO 5 

" 

8 
11 
7 

17 
4 
2 
1 
0 
5 
5 
4 
4 
7 
4 
2 

3 

8 ; 
40 
4 

5 8 

3 3 
10 

" 

1 
I 

O f  
0 0  
O f  
0 -t 
0 0  
0 0  
0 0  
O +  
0 + 
0 -1- 
0 0  
0 0  - +  

+- 
+ 
" 

0 cc 

I (  ' 
.. 

" 

4 
3 10 
7 

14 12 
4 0 
2 1 
6 5 
7 9 
4 16 

28 1 

5 
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eports.  Laboratory at Windsor, Ont. Waters of the  Detroit Rivet. Field  Laboratory RI ___ 
Bacterial  Counts -___ Colon  Bacilli 

Fermentation  Test 
48 Hours  Incubation 

3700 

Fermentation  Test 
Cololl Bacilli 

48 Hours  Incubation 
37oc  

< i  , a :  

$53 ;,o.;$ 
; z G 2 E  

Count 
Pe r  CC 

13 
3 
4 
ti 

16 

8 

preade 

- 
19 
18 
9 

42 
7 
4 

10 
e 

12 
1 

10 
3 
6 

42 
ti 

I h  a 8 t,.s 
a 4  hz 
m d p n  01.242 2 
m - m  e 
% + l % W U  
Count 

Per Ca 
" - 

9 
4 
4 
5 
2 
2 

10 .3  

13 
17 
11 
35 
20 
5 
6 
3 

18 
13 

8 
4 
2 
5 
1 

10 .7  
__. 

- 
9 
5 

39 
34 
11 

4 
9 

25 
1 2  
5 
4 
5 
4 
2 

.. 

" 

12 

DATE DATE 

1913 
""- 

Sept. 5 . .  . . . .  
'' 6 . . . . . .  
(6 s . . . . . .  
" g . . . . . .  
" 1 0 . .  .... 
" 11.. . . . .  
" 1 2 . .  . . . .  
" 1 3 . .  .... 
I' 1 5 . .  . . . .  
'( 1 6 . .  . . . .  
" 1 7 . .  . . . .  
" 1 8 . .  . . . .  
" 19.. . . . .  
" 2 0 . .  . . . .  
" 3 2 . .  . . . .  

Averages. ...... 
"" 

Sept .   5 . .  .... 
'' 6 .  ...... 
" 8.. ..... 
" 9 .  . . . . . .  
" 1 0 . .  . . . .  
" 11.. . . . .  
" 1 2 . .  .... 
" 1 3 . .  .... 
" 1 6 . .  .... 
" 16 . . . . . .  
" 17 . . . . . .  
" 18 . .  . . . .  
" 1 9 . .  .... 
" 30 . . . . . .  
" 2 2 . .  .... 

Averages.. ..... 

Sept. 5 . .  .... 
" c . . . . . .  
(' x . . . . . .  
" 9 . . . . . .  
" 1 0 . .  .... 
" 11.. . . . .  
" 12. .  .... 
" 13 ...... 
" 1 5 . .  .... 
" - 

1913 
"- 

Sept. 16.. . . . . .  
" 17.  . . . . . .  
" 1 8 . .  . . . . .  
I' 1 9 . .  . . . . .  
" 2 0 . .  . . . . .  
'( 2 2 . .  . . . . .  

Averages.. ..... 
"- 
Sept. 5 . .  . . . . .  

" 6 .  ...... 
" 8 .  . . . . . .  
" 9 .  . . . . . .  
" 10.  . . . . . .  
" 1 1 . .  . . . . .  
" 1 2 . .  ..... 
" 1 3 , .  ..... 
" 1 5 . .  . . . . .  
" 1 6 . .  . . . . .  
" 1 7 . .  . . . . .  
" 1 8 . .  . . . . .  
" 19.  . . . . . .  
" 20.  . . . . . .  
" 22. .  . . . . .  

Averages.. ...... 
- "- 
Sept. 5 . .  ..... 

" 6 . .  . . . . .  
'' s. . . . . . .  
" 9 .  . . . . . .  
" 10.  . . . . . .  
" 1 1 . .  . . . . .  
" 1 2 .  . . . . . .  
" 1 3 . .  . . . . .  
" 1 5 . .  . . . . .  
" 1 6 . .  . . . . .  
'' 1 7 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 9 . .  . . . . .  
" 2 0 . .  . . . . .  
" 22. .  . . . . .  

Averages.. ...... 

12 
4 
9 

19 
11 
6 
6 
0 

18 
3 
5 
3 
5 
5 
1 

7 

- 1 -  
- 1 .  

1 

9 
27 
29 
19 

7 
11 
2 
3 

12 
6 
6 
3 
Y 
3 
2 

13.1 

8 
11 
29 
42 

4 
5 
6 
5 

21 
3 4  

8 
6 
5 

10 
3 

11.8 

I 9  7 
" 

5 
24 
5 

13 
9 
(i 
1 
4 

18 

32 4 
9 

18 
23 
22 
7 
3 
1 

B2 

1 

: 
0 0  

. '  O I  0 . .  

. 
0 + . .  . 0 . .  0 . 

.. 0 0 
. . . .  
. .  .. I  

.... 

.. -.I . _  
I I  +I O 
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DATE I 
1913 

7 

.Sei )t. 4 ....... 
" 5 ....... 
Lg 8 ....... 
" 9 ....... 
" 10 ....... 
" 11 ....... 
. " 12 ....... 
" 13 ....... 
" 15 ....... 
" 17 ....... .. 1s ....... 
*' 19 ....... 
" 20 ....... 
. " 22 ....... 

23 ....... "' 

illverages ........ 
- ~ "  

Sept . 4 ....... 
" 5 ....... 
" 6 ....... 
-'( 8 ....... 
" 9 ....... 
" 10 ....... 

1s ....... 
13 ....... 

" 15 ....... 
" 17 ....... 
" 18 ....... 
" 19 ....... 
" 20 ....... 
" 22 ....... 
" 23 ....... 

averages ........ 

....... 
. " 
" 12 

"- 

Sept . 4 ....... 
" 5 ....... 
" 6 ....... 
" 8 ....... 
" 9 ....... 
<' 10 ....... 
" 11 ....... 
" 12 ....... 

6 
11 
14 
21 
9 
ti 

14 
1 

16 
3 
1s 
20 
9 
2 
3 

9 

28 
18 
11 
12 
19 
18 
5 
7 
0 

10 
2 
2 

25 

2 
3 

.. 

10.8 

35 
25 
11 
19 
34 
38 
7 

¶2 

Bacterial Counts 
d 
s, c 
F; e 
. U 

.. 

S . 

S 

" 

" 

" 

" 

" 

. 

$52 5 g  
v.52: 
O 2.9; K&Ol I- 
Count 
Per CC . 

13 
10 

9 
preade 

5 
5 
9 

10 
14 

4 
18 
.. 

preade 
4 
ti 
. 

8 
" 

37 
1 
4 

17 
9 
2 
7 
9 

12 
so 
1 
4 
5 
3 

16 
.. 

Y 
" 

23 
29 
11 
37 

S 
7 
3 

14 
. 

Fermentation Test 
Colon Bacilli 

48 Hours Incubation 
3700 

a 
4 0 0  V 
> "  
) d " - 0 0  , . s . ? 2 ; s s  
""" 

...... 0 0  .. 

...... 0 0  .. 

. . . . . .  0 0  .. ...... 0 0  .. 

...... 0 0  .. 

...... 0 0  .. 

. . . . . .  0 0  .. . . . . . .  + o . ,  

...... O f . ,  ...... o +  .. 

...... 0 0  .. 

...... 0 +  . ...... 0 0  .. 

...... O f  . 

...... 0 0  . 
8 E . Co Ii pe r '  
""" 

""" 

...... O f  . 

...... 0 0  . 

...... 0 0  . 

. . . . . .  0 0  .. 

...... 0 0  .. ...... 0 0 .. 

...... 0 0  .. 

. . . . . .  o +  .. 

...... 0 0  .. ...... 0 0  .. ...... 0 0  .. 

...... 0 0  .. 

. . . . . .  0 0  .. 

...... 0 0 .. 

...... 0 .... ...... 0 0  .. 
2 E . C o l i  p e r 1  
""" 

""" 

..... .  0 +  .. ...... 0 0  . 

...... 0 0  . ...... 0 0  . 

...... 0 0  . 

...... 0 0  . 

...... 0 0  . 

...... 0 0  . 

"" 

1 v  
1 0  
3 0  
q l n  
" 

O f  
t +  
0 0  
0 0  
0 0  
0 0  
0 0  
+ +  
t +  
O +  + +  
+ +  
0 0  + +  
0 0  

DO cc 
" 

" 

+ +  
+ +  
0 0  
t +  
0 0  
0 0  
0 0  
0 0  
0 "  
O f  
O +  + +  
0 +  
0 +  

0 0  

30 cc 

I 

.... 
" 

" 

+ +  
+ +  
O +  
O f  
0 0  
0 0  
0 0  
0 0  ' 

DATE 

1913 
"- 
Sept 13 ....... 

" 15 ....... 
16 ....... 
17 ....... 

" 18 ....... . 19 ....... 
" 22 ....... 

Averages ........ 
Sept . 4 ....... .. 5 ....... .. 6 ....... 

" 8 ....... 
" 9 ....... 
" 10 ....... 
" 11 ....... 
" 1 2  ....... 
" 13 ....... 
" 15 ....... 
" 16 ...... 
" 17 ....... 
" 18 ...... I 
" 19 ....... 
" 20 ....... 
" 22 ....... 

- 

Averages ........ 
"" 

Sept . 4 ....... .. 5 ....... 
" 6 ....... 
'' 8 ....... .. 9 ....... .. so ....... 
" 11 . . . . . . .  .. 12 ....... 
" 13 ....... 
" 15 ....... 
" 16 ...... 
" 17 ...... 
" 18 ....... 
" 19 . . . . . . .  
" 20 . . . . . . .  
" 22 . . . . . .  

Averages ....... 

. 
I 

;i 
0 .. 
8 

9 

M .. . a 

Dl - 
42 

- 
43 

. 

44 

Bacteri __ 
' 2 .  

d 'SA < 

p ".f 
cu-4 #. 
w - m  L 
r r P I . 9 b  

Count 
Per CC 
"" 

2 
14 
13 
11 
8 

15 
0 

16 .2  

9 
15 
32 
6 

12 
10 
65 
6 
0 

24 
5 
8 
5 

10 
3 
1 

1 3 . 1  

" 

- 
- 

21 
17 
11 
17 
23 
33 
14 

5 
1 

22 
14 

5 
6 
3 
2 
2 

1 2 . 2  

c 



160 POLLUTION OF BOUNDARY  WATERS -- "" "" 
INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 

Field Laboratory Reports. Laboratory at Windsor, Ont. Waters of the  Detroit River. 

ial 
" 

Counts 

i $ 5 :  
:V.dZC 
:;2*; 
i m a m +  

Count 
P e r  CC 

ti 
8 
8 
6 
3 
4 
9 
2 
4 
7 
3 
3 
5 

280 
6 
4 

____ Bacter 
i -  

N d  * '  
j m  2; .z.c 1 
:Zs$d ___. 

Count 
P e r  CC 
" 

1 
3 
5 

11 
0 
4 
4 
0 

8 

6 
8 

23 
7 
4 

22 
4 
3 
4 
6 
5 
3 
5 

20 
2 
4 

7 

" 

_I 

Fermentation  Test 
Colon Bacilli 

48 Hours  Incubation 
37OO 

0 0 0  
- 0 0 0 0  

- 0 1 0 3  
~ m T 4 o a m  "_" 
0 

+ +  0 . .  0 
+ + 0 . .  0 
+ + 0 . .  0 

o +  0 . .  0 
o +  0 . .  0 
o +  0 . .  0 

+ + .. O f  
0 0 0 . .  0 
0 0 0..  0 

0 - t  0 . .  0 
o + -  0 . .  0 

0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 

O f  0 . .  0 
0 0 0 . .  

i pe r l  OOcc  
""- 

""" 

0 

0 0 0 - t . .  
o +  0 . .  0 

0 O . . +  

+ + 0 . .  0 
0 0 . . +  0 
0 + .. 0 +  
0 0 . . +  0 

0 - t  0 . .  0 
0 0 0 . .  0 

o +  o + . .  
.. + .. 0 0 

o +  0 . .  0 
0 0 0 . .  0 

o +  0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 

i Pe r l  00 cc 
""_ 
""_ 
O +  

+ + 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 

0 - t  0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 
-t -r .. 

DATE 

1913 

DATE 

1913 
-~ 
Sept. 4 . .  ..... 

" 5 . .  ..... 
" 6 . .  ..... 
" 8. ...... 
" 9 . .  ..... 
'* 10. .  ..... 
" 11.. ..... 
u 1 2 . .  . . . . .  
" 13. .  . . . . .  
" 15..  . . . . .  
" 16. .  ..... 
'' 17. .  ..... 
'' 1 8 . .  ..... 
" 19. .  ..... 
" 20. .  ..... 
(' 22. .  ..... 

Avcrages. ....... 

Sept. 4 . .  . . . . .  
" 6 .  . . . . . .  
" 6 . .  ..... 
" 9. ...... 
" 1 0 . .  ..... 
" 11.. ..... 
" 12. .  ..... 
" 13.. . . . . .  
" 15. .  ..... 
" 1 6 . .  ..... 
" 1 7 . .  . . . . .  
" 1 8 . .  ..... 
I' 1 9 . .  . . . . .  
" 2 0 . .  ..... 
" 2 2 . .  ..... 

....... 

Averages. ...... 

Sept.  4 . .  ..... 
" 5 .  . . . . . .  
" 6  ....... 
" 8. ...... 
" 9 . .  ..... 
" 1 0 . .  ..... 
" 11.. ..... 
" 12. .  .... 

- 
0 "  
0 0  

1 0  0 
m m  
" 

0 0  
O f  
0 0  
O +  + +  

+ +  
O f  
+ t  
" 

IO cc  

O +  
t 0, 
i- -t 
0 0' 
0 0. 
O +  
O +  
0 0, 
0 4- 
t +  
t +  
0 +- 
t- t 
0 0 .  
0 0  
t t  

" 

" 

IO cc 
" 

O +  
t o  
i- + 
0 0  
0 0  
t 0. 
t +  
t +  
t t  
ti- 
O +  
t +  
0 0  + +  
f 0  
3 - 0  

10 cc 
" 

" 

0 

i U "  
0 0  

5" 
a?'! 
--- 

.. . . . .  

...... ...... 

...... 

...... 

" 

" 

" 

Sept.13.. .... .. 15 . .  .... 
" 16.. .... .. 17.. .... .. 1 8 . .  ..... 

19. .  ..... 
" 20. .  .... 

22 . . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
...... ...... 
...... 
. . . . . .  
...... 
...... 
...... _" 
2 B. Co "_ 
...... 
...... 
. . . . . .  
...... . . . . . .  
...... 
...... 
...... ...... 
...... 
...... 
...... 
. . . . . .  
. . . . . .  
...... 
. . . . . .  "_ 
1 B. CI 
"- 

. . . . .  

. . . .  

. . . .  .. a . 

. . . .  . . . .  . . . .  ... ., 

Averages.. ..... 
Sept. 4 . .  .... .. 5 . .  ..... 

" 6 . .  ..... 
" 8. .  ..... 
" 9. ...... 
" 10. .  ..... 
" 11.. ..... 
" 12. .  ..... .. 13..  ..... 
" 1 5 . .  ..... .. 1 6 . .  ..... .. 17. .  ..... 
" 1s.. ..... 
" 19. .  ..... .. 20. .  ..... 
" 22.. ..... 

Averages.. ..... 
"" 

Sept. 4 . .  ..... .. 5 . .  . . . . .  
" 6 .  ...... 
'( 8. ...... 
" 9.  ...... 
" 10.  ...... 
" 11.. ..... .. 1 2 . .  .... .. 1 3 . .  . . . . .  
" 15. .  .... 
" 16 ...... .. 17 ...... .. 1 8 . .  . . . . .  
'' 19. .  .... 
" 20.. .... .. 22.. .... 

Averages.. ..... 

.- 
I I  1 3 . 0  

7 
13  

4 
8 
5 

46 
3 
2 
3 

10 
13 
10 
2 
7 
3 
0 

22.3 

13 
3 
9 
ti 
1 
2 
7 
3 
5 
3 
9 
1 
5 

39 
6 
5 

0 
3 

1 2  
13  

7 
16 
6 
6 
0 
4 
5 

14 
4 
9 
5 
3 

6 
- 

" 

8 7 

" 

3 
1 
4 
6 
2 

18 
1 
3 

-I. 

4 
7 

14 
5 
3 

7.0 
5 
6 



I 

DATE 

1913 
"" 

Sept. 4 . .  .... 
j' 5 . . . . . .  
(' 6 . . . . . .  
" 8...... 
" g . . . . . .  
" 1 0 . .  . . . .  
" 11.. . . . .  
(' 12 . . . . . .  
" 13 . .  .... 
" 1 5 . .  .... 

16. .  .... 
" 17. .  .... .. 1 8 . .  . . . .  
" 19 . .  . . . .  
.. 20..  .... 
./ 2 2 . ,  .... 

Averages.. ...... 
"" 

Sept. 4 .  . . . . . .  
" 5 .  . . . . . .  
" 6 ....... 
(' 8 .  . . . . . .  
' l  9 .  . . . . . .  
'( 1 0 . .  ..... 
'* 11.. ..... 
" I?. ...... 
" 1 3 . .  ..... 
" 15 .  ...... 
" 16. .  ..... 
" 1 7 . .  ..... 
" 1 8 . .  ..... 
" 1 9 . .  ..... 
" 2 0 . .  ..... 
&' 22. .  ..... 

Averages.. ...... 
Sept. 4 . .  ..... 

" 5 .  ...... 
" 6  ....... 
" 8 . .  ..... 
" 9 .  ...... 
" 1 0 . .  . . . . .  
" 11.. ..... 
" 12.. ..... 

13.. ..... 

I 
1- Bacterial  Counts __ ~ 

23 
11 
34 
13 
23 
42 

8 
G 
3 
4 
7 

13 
8 

25 
3 
4 

1 4 . 2  

4 
29 
32 
15 
14  
51 
11 
7 
2 
5 

13 
7 
5 

23 
11 
0 - 

1 4 . 3  - 
8 
8 

1 4  
17 
92 
39 
11 
13 .. 

- 
17 
10 
9 

1 0 
1 
8 

11 
24 
8 

2 
3 

: s  0 

. . . . . .  0 4- .. + -+. 

...... 0 0 . .  0 - t  

. . . . . .  0 0 . . + +  

...... 0 0 . .  0 +  

. . . . . .  o + . .  0 0 

. . . . . .  0 0 . .  0 0  

...... 0 O . . + +  

. . . . . .  0 o . . + +  

...... 0 o . . + +  

...... 0 0 . .  0 0  

...... 0 + . .  + +  
4 +.. o +  

. . . . . .  0 0 . . + +  

. . . .  0 + .. + + 

. . . . . .  o i - . . + +  

. . . . . .  

.... ::' 0 0 .. 0 + 
"8" 

7 B.  Co l i  p e  r l  00 cc 
"" "" 

.. 

.. 
. . . . . .  . . . . . .  u o . .  0 0  
. . . . . .  0 0 . .  o +  
...... 0 0 . .  O i -  
. . . . . .  0 ~ 1 , .  o +  
. . . . . .  0 0 . .  0 +  
. . . . . .  I + . . + +  
. . . . . .  .. 0 + 
. . . . . .  
.. 
.. " -  0 

...... .. 

. . . . . .  + 0 .. 
.. -i- + .. I..  

0 . A "  0 . . . . . .  
+ 0 

. . . . . .  0 0 . .  0 0  

. . . . . .  0 0 . . + 0  

. . . . . .  

...... 
0 . . + +  0 

0 0  0 0 . .  

. . . . . .  

1 ~ ' ~ ~ l { , \ i ~ l ' r l O N h L  JOINT COMMlSS10-N 161 
- ~~ " ~ . ~ "" 

- 
INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 

Field Laboratorv  Reports.  Laboratory at Windsor,  Ont.  Waters - of the  Detroit River- 
." ~ - 

11 1 2 Bacterial  Counts Colon Bacilli 
Fermentation Test 

3700 

- 
6 ...... 0 0 . . + +  
6 ...... 0 O . . +  0' 
2 ...... 0 0 . .  O f  
3 ...... 0 o . . + +  
10 ...... 0 o . . + +  

spreader ...... 0 O ' . .  0 + 
3 ...... 0 O . . + +  

8 3 8 . C o l i   p e r l 0 0 c c  
-~ """" 
""""_ - 

6 . . . . . .  0 O . . + f  
11 ...... 0 0 . .  0 +  
11 ...... 0 -I- .. 0 0 
9 ...... 0 0 . .  0 0  
7 . . . . . .  0 0 . .  0 0  

9 ...... 0 0 . . +  0, 
12 ...... 0 0 . .   0 0  
7 ...... 0 0 . .  0 +  

13 0 0 
12 
6 

1 4  0 0 .. 
10 

21 ...... 0 01.. + + 

2 ...... 0 - 1 1 . . + +  

5 0 4 - . .  O f  

9.  3 8 .  C o l i   p e r l 0 0 c c  
-~ ""_" - 

- 
5 ...... 0 0 . .  0 +  

19 ...... 0 01.. 0 0. 
8 . . . . . .  0 0 . .  0 0  

16 ...... 0 0 . .  0 0  
18 ...... 0 0 . .  0 +  
8 ...... 0 0 . .  o +  
5 ...... 0 0  
4 . . . . . .  O i  O .. 0 + 

14 
11 ::(:: :: ::, 0 ":: 0 .. 0 0 + 0 
11 ...... 0 0 . .  o +  
2 ...... 0 0 . . - +  0 
9 ...... O f . . + +  
6 ...... 0 0 . .  0 0  
2 ...... 0 0 . . + +  

9. 2 8 . C o l i  p e r l 0 0 c c  
"_""" - 

- 

I DATE 

1913 
" 

Sept.15.. .... .. 1 6 . .  .... 
" 17 . . . . . .  .. 1 8 . .  . . . .  
" 1 9 . .  . . . .  
" 2 0 . .  .... 
(' 22 . . . . . .  

Averages.. ..... 

Sept. 4 . .  .... .. 5 . . . . . .  .. 6 . . . . . .  .. s... . . .  
" s . . . . . .  .. 10 . .  .... 
" 11.. ..... .. 1 2 . .  ..... .. 1 3 . .  ..... .. 1 5 . .  . . . . .  .. 1 6 . .  . . . . .  
'( 17.. . . . . .  
(' 1 8 . .  ..... .. 1 9 . .  . . . . .  .. 20. .  ..... 
" 22.. ..... 

Averages. ....... 
- 

Sept. 4.. ..... .. 5 . . . . . .  
8.  ...... .. 9 .  . . . . . .  .. 1 0 . .  . . . . .  .. 11.. . . . . .  .. 1 2 . .  ..... 

" 13.. ..... 
" 1 5 . .  ..... 
" 16. .  ..... 
" 1 7 . .  . . . . .  .. 1s. .  . . . . .  
" 1 9 . .  ..... 
" 20. .  ..... 

22.. ..... 
Averages.. ...... 

9 
15 

8 
5 

20 
4 
2 

17 .6  
- 
- 

7 
12 
11 
16 
9 

23 
8 
9 
3 

23 
6 

11 
3 
6 
8 
0 

9. 
- 

2 
13 
9 

29 
0 
9 
7 
2 

18 
7 
9 
6 

52 
9 
2 

1 1 . 6  
- 
" 



162 POL.LUTION O F  BOUNDARY WATERS 
-~ 

INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 

DATE 

1913 
"- 
Sept. 4 . .  .... .. 5... . . .  

6 . . . . . .  
(' 8...... 
'( g...... 
" 10.. .... .. 11.. .... 
" 12.. .... 
" 15.. .... 
" 16 ...... 
" 17.. .... 
" 18.. .... 
" 19.. .... 
" 20.. .... 

22 ...... 
Averages.. ..... 

Sept. 4 . .  .... 
" 5.,.... 
@ 6...... .. 8 . . . . . .  
" g . . . . . .  

10 ...... 
" 12. .  .... 
" 13.. .... 
" 15.. .... 
I' 16.. .... 
'' 17.. .... 
'' 18.. .... 
" 19 . . . . . .  
" 20.. .... 
(' 22., . , . . 

Averages.. ..... 

Sept. 4 . .  .... 
" 5 . . . . . .  

6 . . . . . .  
" 8...... 
(' 9.. . .  .. 
" 10.. . ... 
(' 11.. .... 
'( 12.. .... 
" 13.. .... 

1 
28 
14 
6 
9 

34 
2 
5 
4 
2 
5 
4 

20 
3 
0 

9 

- 
2 

1 2  
13 

5 
2 

14 
1 
6 
9 
2 
2 
3 

12 
4 
2 
" 

5 

5 
14 
14 
2 
3 

19 
6 

42 
6 

Counts Colon Bacilli 

1 gm,S 48 Hours  Incubation 
Fermentation Test 

: -4MS 37"O 

:F"*z u 
i m P I N c  2 8 
perca 9 9 -! :: 2 5: : count 0 3 

0 0 0 :: ~ 

I".& 

" 

4 ...... 0 0 . .  
11 ...... 0 0 .. 
11 ...... 0+.: 
3 ...... 0 0 . .  
7 . . . . . .  0 0 . .  

21 ...... 0 0 .. 
4 ...... 0 0 . .  
8 ...... 0 0 . . (  
6 . . . . . .  0 0 . .  
8 .. ..I.. 0 0 .. 
2 . ..... o + . .  
5 . . . . . .  0 0 . .  
6 ...... 0 0 . .  

15 . ..... 0 0 .. 
3 . ..... 0 0 . .  

7 3 E . C o l i  p e r 1  
"""" 

""-" 

2 ...... 0 0 . .  
4 ...... O f . .  
5 ...... 0 0 . .  
2 ...... 0 0 . .  
3 ...... 0 0 . .  
7 ...... 0 0 . .  
3 ...... 0 0 . .  

13 . ..... 0 0 . 
3 ...... 0 0 .  
6 ...... 0 0 .  
1 ...... 0 0 .  
5 ...... 0 0 .  
3 ...... O + .  
6 ...... 0 0 .  
3 ...... o + .  

4 4 E .  Coli  p e r '  
"_"" 
"""- 

2 ...... 0 0 .  
6 . . . . . .  0 0 .  
8 ...... 0 + . 

19 . . . . . .  0 0 . 
3 ...... 0 0 .  
5 ...... 0 0 .  
5 ...... 0 0 .  
3 ...... O Q . .  
3 ...... 0 0 . .  

- 
u o  u 0  
0 0  
U L I )  

" 

0 +  
0 +  
t +  
0 0  
0 0  
0 0  
0 0  

I +  
0 +  
0 +  
0 +  + +  
t +  
0 +  + +  
IO cc  
" 

-- 
0 0  
0 +  
0 0  
0 0  
0 0  
t +  
O f  
0 4  
+ +  
+ +  
O f  
+ +  
+ +  
0 +  
+ +  
" 

oa CC 

" 

0 0  
0 0  + +  
0 0  
0 +  + +  
+ +  
0 +  
4- + 

DATE 

1913 
- 
Sept. 15.. ..... 

" 16.. ..... 
" 1'7. ...... 

18.. ..... 
" 19.. ..... 
(' 20.. ..... 

22.. ..... 
Averages.. ...... - 
Sept. 4 . .  ..... 

" 5 .  ...... 
(' 6.. ..... 
" 8. ...... 
" 9..  ..... 
" 10.. ..... 
(' 11.. ..... 
" 12..  ..... 

13..  ..... 
" 15.. ..... 
" 16..  . . . . .  .. 17..  ..... 

18.. ..... 
" 19.. ..... 
(' 22.. ..... 

Averages.. ...... 
"- 
Sept. 4 .  ...... .. 5 . .  ..... 

(' 6.. ..... .. 8 .  ...... 
" 9.. . . . . .  
" 10. .  . . . . .  .. 11.. . . . . .  .. 12..  ..... 
" 13.. ..... .. 15.. ..... 
" 16.. ..... 

17.. ..... 
" 18.. ..... 
" 20.. ..... .. 22 . .  ..... 
" 19.. .. ! . .  

Averages ........ 

6 
5 
5' 
4 
6 
4 
4 

140 
18 
11 
2 
2 

2 1  
9 
4 

16. 
- 
- 

12 
7 
67 
13 
4 

45 
7 

65 
14 
3 
4 
4 

32 
14 

3 

18.3 

.. 

1 
2 

10 
3 
4 
8 
6 
9 
2 
7 
5 
2 
5 
5 
2 

4 
- 
- 

4 
1 
8 
2 
3 
9 
2 
6 
1 
2 
1 
2 

14 
40 

preadel 
3 

11.1 

. - . ~ ~ 

Colon Barilli 

48 Hours Incubation 
Fermentation  Test 

0 

3 0 0  
0 0  

0 3  0 q q l  "_ 
...... 
. . . . . .  ...... ...... ...... ...... ...... "_ 
5 E. co "_ 
...... ...... ...... ...... ...... ...... ...... 
...... ...... 
...... 
. . . . . .  
. . . . . .  
....... ...... ,. .... "_ 
4 B. Cc 

"_ 

...... ...... ...... ...... ...... ...... ...... ...... 

. . . . . .  

...... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

- 
I I '  

" 

_. 

.- 
I I1 .-  

37oc  

- o w  

+ ~ * c u l a  
8 8 o " g g  
-"" 

0 0 . .  o +  
0 0.. + + 
0 0. . ,+ + 
0 + . .  + +  
0 + . .  0 +  
0 0 . .  + +  
0 + . .  + +  
i pe r l  00 c c ,  
-"" 

"_" 
0 0 . .  + + 
0 + . . + +  
0 0 . .  + 0 
0 0 . .  O f  
0 0 . .  o +  
0 0 . .  0 0 
0 + . . +  0 
0 0.. + +  
O f . . + +  
0 0 . .  + +  
0 0.. + +  
0 0 . .  0 +  
0 0 . .  + +  
0 0.. 0 0 
0 0. .  0 +  

I pe r l  OOcc 

""_ 
0 0 . .  0 0 
0 0. .  0 0 
0 0.. 0 +  
0 0 . .  0 0 
0 + . .  o +  
0 0 . .  + +  
0 0.. 0 +  
0 0 . .  0 - t  

0 1 0 . .  0 0 
0 1 0 . .  0 0 
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c 
.e 

DATE ' 
... 
c 

bo 

a 
1913 B m 
"" 

Sept. 4 . .  ..... 60 
" 5. . . . . . .  
'6 6 . .  ..... 
" 8 . .  ..... 
" 9 . .  ..... .. 10. ...... 
" 1 1 . .  ..... .. 1 2 . .  ..... 
*' 1 3 . .  ..... 
" 15 ....... 
'' 1 6 . .  ..... 
4L 1 7 . .  ..... 
" 1 8 . .  ..... 
" 1 9 . .  ..... 

2 0 . .  ..... 
" 2 2 . .  ..... 

Averages.. ...... 
"" 

Sept.  4 . .  . . . . .  .. . . . . . .  5. .. 6 . .  ..... 
6' 8 .  ...... .. 9 . .  ..... 
" 10 ....... 
A' 1 1 . .  ..... 
" 1 2 . .  ..... 
" 1 3 . .  ..... .. 1 5 . .  ..... 
'' 1 6 . .  ..... .. 1 7 . .  ..... 
" 1 8 . .  ..... .. 1 9 . .  ..... 
(' 2 0 . .  ..... 

2 2 . .  ..... 

# 

i lverages.. ...... 
"" 

.Sept. 4.. ..... .. 5 .  ...... .. 6 .  ...... .. 8. .  ..... .. 9 . .  ..... 
" 1 0 . .  ..... 
" 1 1 . .  ..... 

. _  

- 
:aunt 
'er CC - 

9 
16 

780 
40 

270 
1300 

470 
20 
30 
30 
7 0 
60 
40 

400 

50 
.. 
- 
239 

" 

480 
420 

1200 
1600 
4000 
2100 
2400 
130 

60 
350 

3400 
180 

2200 
40 

0 

no 

- 
1165 

" 

1280 
1600 
1400 
4200 

lG000 
9000 
200 

acterial  Counts Colon Bacilli 

m,z 8 $ m.g 48 Hours Incubation 
Fermentation  Test 

3700 

- "" - 
12 ...... + + .. + + 
5 ...... O f  .. + +  

40 .... 0 0 0 .. + + 
20 .... 0 0 0 .. 0 + 

110 .... 0 0 + .. + + 
. . . . . .  0 0 0 . . + +  
no .... o o 0 . .  o +  
20 .... 0 0 0 .. + + 
20 .... 0 0 + .. + + 
40 . . . . . .  4- -t .. -t i- 
60 . . . .  o o o .. o + 
90 .... 0 0 + .. + + 

500 ...... 4- -t .. + 

7600 .... 0 0 + .. + + 
GO .... 0 0 0 .. 0 0 
10 .... 0 0 0 .. + + 

""""" 

76 26 8. Col i  pe r l  00 cc 
""""-" 

540 ...... 0 + .. + + 
120 . . . . . .  + + .. + + 

1100 ...... + + .. + + 

310 .... .. 
800 .... 
. . . . . .  
20 .... 0 0 0 .. + + 

10 .... 0 0 + .. + +- 
40 .. ..! d +  + .. f + 

50 .... 0 + + .. f + 
-t + 
+ + 
i- -t 
+ + ' 30 .... 0 0 0 .. f f 

437 1 79 8. C. pe r l  00 cc 

1200 0 +- + .. 
110 0 - i  + .. 
610 + + 4- .. 

.... 

.... 
940 . , . . + +- i- . . 

.... 
""""_-" 
""" "_" 

GXO . . . . . .  4 + .. + 
1 I(i00 ...... + + .. + + 
1 1600 . . . . . .  + -1- .. + + 

5900 .... I i  + 0 + .. + -t 
1200 .... + - 1 -  + .. + + 
2200 .... 0 + + .. + + 
1200 .... 0 0 + .. + + 

"_" 
Sept.12.. ..... 62 .. 1 3 . .  ..... .. 1 5 . .  ..... 

'< 1 7 . .  ..... 
" 1 8 . .  ..... .. 1 9 . .  ..... .. 2 0 . .  ..... 
(' . 2 2 . .  ..... 

Averages.. ...... 
Sept. 4 . .  ..... G3 
- - 

.. 5. ...... 
" 6 .  ...... 
6' 8.  ...... 
" 9 . .  ..... 
" 1 0 . .  , . * . . .. 11 ....... 
" 12 . . . . . . .  
(' 1 3 . .  ..... 
" 1 5 . .  ..... .. 1 6 . .  . . . . .  
" 1 7 . .  ..... 
" 1 8 . .  ..... 
" 19.. . . . . .  
" 20 ....... 
" 2 2 . .  ..... 

Averages. ....... ""- 
Sapt. 4 . .  ..... 64 

" 5 . .  ..... 
" 6. . ..... 
" 8 ....... 
" 9 . .  . . . . .  
" 1 0 . .  ..... 

1 1 . .  ..... 
" 12 ....... 
" 13 ....... 
" 16 ....... 
(' 1 6 . .  ..... 
'' 1 7 . .  ..... 
" 1 8 . .  ..... 
" 1 9 . .  ..... 
" 20 . .  ..... 
(' 2 2 , .  ..... 

Averages. ....... 
I 

3acteria 
I 

$*,2 
< S I  

s-4 * *  
x.l,$i: 
I .-A 9 

E'er CC 
Count 

- 
2500 

700 
300 

!0000 
100 

1400 

2602 

.. 

no0 

" 

ti 

16 
3 

19 
17 
13 
2 

8 
7 
3 
2 
6 
3 
3 

n 

.. 
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7 - 
11 
21 
16 
5 
2 

13 
9 
5 

13 
26 
5 
2 
7 
3 
2 

9 

.. 

" 

!aunts 
! i g  
4 zz 
2+- c. 

:&Nr 

M m . e  

g 2 . q  
- 
count 
Per CC 

2300 
270 

0 
300 
500, 

1000 
400 

1376 

1800 

- 

6 
5 

250 
2 
7 

16 
9 
7 

10 
4 

50 
30 

5 
n .. 
8 

11.9 
- 

22 
9 

30 
4 
ti 

18 
14  

ti 

I '  
Colon Bacilli 

Fermentation  Test 
48 Hours Incubation 

3700 

.) 1 0  

1 0 0  > -  0 

"- 

,. 

0 0 .. 
0 0 ,. 
0 0 

,. 0 +- 
.. 0 

+ + .. 
+ 

+ 0 .. 
9  73 B. 

,. a 0 

"- 

"- 
..... . . . . . .  
...... ...... 
...... ...... 
...... ...... ...... 
...... 
,. . I  ,. ...... ...... ...... ...... 
.... ., "- 
2 CI E. "- 

..... 

..... 

. . . . .  

. . . . .  . . . . .  

..... 
. * I * *  . 
. . l . . l .  

c c 

. -  

. .  

._ 
I 

:I 

> 0 0 " 0  
2 U O Y ) O  

0 0 0  

1 1 o r ( m L C  

O + . . + +  
O f . . + +  
O + . . + +  
0 + . . + +  
t + . . + +  
t + . . + +  
t + . . + +  
+ + . . + +  
;. pe r l  00 cc 

0 0 . .  + + 
0 0 . .  o +  
0 0 . .  0 0 
0 0 . .  

o +  o + . .  
0 0 0 . .  0 
0 0 0 . .  0 
+ + 0 . .  0 
0 0 O f . .  
+ + 0 . .  0 
+ + 0 . .  0 

+ +  0 . .  0 
+ +  0 . .  0 

0 0 0 . .  0 
0 0 0 . .  0 

0 +  0 . .  0 
0 0 

li pe r l  00 cc  

""- 
""- 

""- 
""- 

0 

0 0 o,. .  0 
0 0 0 . .  0 

0 0 0 . .  0 
+ + 0 . .  0 
0 0 0 . .  0 
0 0 0 . .  0 

o + -  0 . .  

* I  . 0 0 .. 0; 0 
spreader 

0 0  0 0 . .  ...... 6 
o . . + +  0 ...... 2 

0 0 .. + 0 ...... 

12 ...... o o . . o o  
9 . . . . . .  

o + . . + +  ...... 9 
o +  0 . .  0 . . . . . . . .  
0 0  0 0 . .  ...... 5. 

O . . + +  0 

10.8 28. Coli p e r 1  OOcc 
""""" 
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DATE 

1913 
"" 

Sept. 4 . .  .... 
'' 5. . . . . . .  
'( 6 .  . . . . . .  

8 .  . . . . . .  
" 9. . . . . . .  
" 1 0 . .  . . . . .  
" 1 1 . .  . . . . .  .. 12 . . . . . .  .. 1 3 . .  . . . . .  
' L  15 ...... 
" 16.. .... 
'' 1 7 . .  .... 
" 1s . . . . . .  
" 1 9 . .  . . . . .  
'( 2 0 . .  .... 
" 2 2 . .  .... 

Averages. ...... 
"" 

Sept. 4 . .  , . . , , 
" 5 .  . . . . . .  
" 6 .  ...... 
" 8 .  . . . . .  .. g . . . . . .  
" i o . .  .... 
" 1 1 . .  . . . .  
" 1 % .  . . . . .  
" 1 3 . .  . . . .  
" 1 5 . .  . . . .  
" 1 6 . .  .... 
(' 1 7 . .  . . . .  
" 1s. .  .... 
" 1 9 . .  . . . .  
" 2 0 . .  .... 
" 2 2 . .  .... 

Averages.. ..... 
" 

Sept. 4 . .  . . . .  
" 6  . . . . . . .  
" 6 .  . . . . . .  
" 8. . . . . . .  
" 9 .  . . . . . .  
" 1 0 . .  ..... 
" 1 1 . .  ..... 
" 1 2 . .  ..... 

INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
~ ~~ 

Field Laboratory  Reports. Laboratorv  at Windsor, Ont. Waters of the Detroit  River: 

Bactel . w- 
io e 

__ 

!&$e  
ic;.a z 
I O  9- 

__ 
Per C (  
(:01111 t 

- 
19 
24 
32 
6 

12 
12 

5 
3 

10 
13 

4 
1 
4 
6 
3 

.. 

1 0 . 2  6 

13 
9 
7 

12 
I F  
22 
80 
6 

12 
12 
5 
6 
3 
3 
4 

.. 

14 
- 

34 
22 

6 
8 

30 
37 
45 
6 

10 
16 
9 
8 

1 3 
1 
11 
(i 

20 
9 
11 
2 
1 
8 

z 

8 

.. 
- 
" 

16 
6 
8 

11 
21 
17 
8 
5 

" 

I 

I 

Fermentation  Test 
Colon Bacilli 

48 Hours Incubation 
37oc 

I f  
.- * 

DATE E 
bo 
.e - a 

1913 f 

S e p t . 1 3 . .  ..... 67 
" 1 5 . .  ..... 
" 1 6 . .  ..... 
" 1 7 . .  ..... 
" 18.  ...... 
" 1 9 . .  ..... 
'$ 2 0 . .  ..... 
" 2 2 . .  ..... 

Averages.. ...... - - 
Sept. 4 . .  ...... 68 

" 5 .  . . . . . .  
" 6 .  ...... 
" 8 . .  ..... 
" 9 . .  . . . . .  
" 1 0 . .  . . . . .  
" 1 1 . .  . . . . .  
" 12.  ...... 
" 1 3 . .  ..... 
" 15. .  . . . . .  
" 1 6 . .  . . . . .  
'' 1 7 . .  ..... 
" 1s.. ..... 
" 1 9 . .  . . . . .  
" 2 0 . .  ..... 

Averages. ....... 
" - 
Sept. 4 . .  . . . . .  69 

" 5 .  ...... 
'' 6 .  ...... 
" s ....... 
" 9 .  ...... 
" 1 0 . .  . . . . .  
" 11. .  ..... 
(' 1 2 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 5 . .  ..... 
* 1 6 . .  ..... 
" 1 7 . .  ..... 
" 1 s . .  ..... 
" 1 9 . .  ..... 
" 2 0 . .  ..... 

Averages.. ...... 

15.4  - 
110 
95 
72 
80 

340 
130 

55 
90 

I80 
140 
40 

.. 

750 
3000 

.. 

- 
363 

" 

12 
27 
15 
7 

27" 
53 
28 
12 

8 
140 

5 
2 

2s 
86 

31 .E 

.. 

- 
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~ . ~. "___I_. __ ~ 

DATE 

1913 
"" 

Sept.  4 . .  ..... 
" 5 .  . . . . . .  
" 6 . .  ..... 
'6 8 .  . . . . . .  
" 9 . .  ..... 
" 1 0 . .  ..... 
I' 1 1 . .  . . . . .  
" 1 2 . .  . . . . .  

1 3 . .  ..... 
" 1 5 . .  . . . . .  
'/ 1 6 . .  . . . . .  
" 17 . . . . . .  
'* 18.  . . . . . .  
" 1 9 . .  . . . .  
" 2 0 . .  .... 

!Averages.. ..... 
"" 

Sept .  4 . .  . . . .  
(' 5 . . . . . .  
" 6. . . . . . .  .. s . . . . . .  
" g . . . . . .  .. 10.. . . . .  .. 11.. . . . .  
.. 1 2 . .  .... .. 1'3, . . . . . .  .. 1 5 . .  ..... .. 1 6 . .  . . . . .  
" 17 ....... 
. 1 8 . .  . . . . .  
. 1 9 . .  . . . . .  
.. 2 0 . .  ..... 

,averages.. ..... 

Sept.  4 . .  .... 
Y -  o . . , . .  I 

'* 6. ...... .. 8 .  ...... 
" 9  ....... 
'* 10.  . . . . . .  
" 1 1 . .  ..... 
" 1 2 . .  ..... 

13 
1 

16 
5 

55 
30 
4 
5 

18 
14 
2 
7 
8 

18 

.. 

14 

" 

3 
3 

20 
5 

41 
29 
14 
2 

~ ~.. Counts , Colon Bacilli 

- """" 

9 
5 

0 +  0 . .  0 . . . . . .  

0 0  0 0 . .  . . . . . .  4 
0 0  0 0 . .  . . . . . .  50 

0 0 . . + +  ...... 

12 ...... 0 0 . . 0 0  

5 . . . . . .  0 0 . .  

0 0  0 0 . .  ...... 1 

0 0  0 0 . .  ...... 8 

0 0  

I1 . . . . . .  0 0 . .  0 0  
7 . . . . . .  O f . . + +  

. . . . . .  0 0 . .  0 0  

11 1 6 .  co l i  pe  r l  00 cc 

24 0 +  0 . .  0 ...... 
2 0 0 0 1 0 . .  ...... 

13 

6 

0 0 0 . .  0 ...... 
0 0  0 0 . .  ...... 

"~"""" ! 
_I """"" 

0 +  0 . .  0 ...... 10 

1 I 
6 

0 0 .. t 0 .. .. I . .  62 i 0 + . . + +  ...... 

DATE 

1913 
"" 

Sept. 1 3 . .  .... 
" 1 5 . .  .... 
" 1 6 . .  .... 
" 1 7 . .  .... 
" 1 8 . .  .... 
" 1 9 . .  .... 
" 2 0 . .  .... 

Averages.. ..... 
- 

Sept. 4 . .  .... 
" 6 . . . . . .  
" 6...... 
" s . . . . . .  
" g . . . . . .  
" 1 0 . .  . . . .  
" 1 1 . .  .... 
" 1 2 . .  .... 
'' 1 3 . .  . . . .  
" 1 5 . .  . . . .  
" 1 7 . .  . . . .  
" 1 8 . .  . . . .  
" 19 . . . . . .  
" 2 0 . .  . . . .  

Averages. ...... 
"" 

Sept. 4 . .  .... 
" 5. .  ..... 
" 6 .  ...... 
" s . . . . . .  
" g . . . . . .  
" 1 0 . .  .... 
*' 1 1 . .  . . . . .  
" 1 2 . .  .... 
" 1 3 . .  . . . .  
" 1 5 . .  . . . .  
'* 1 6 . .  . . . .  
" 17 . . . . . .  
" 1 8 . .  .... 
" 1 9 . .  . . . .  

Averages.. ..... 

" 

" 

" 

7 

- 
11 
6 
3 

12 
15 
6 
6 
9 

4 
3 
5 
7 
2 

6 

.. 

- 

20 
11 

4 
15 
10 
1 

' 3  
2 

3 
6 
2 
3 
3 

6. 

.. 

- 

Counts 

1 
5 

17 

4 
3 

i 

preade 

7 

- 

0 
10 
18 

8 
6 
6 
8 

13 
3 
7 
3 
3 
3 
4 

6 
- 

1 
3 

20 
7 
4 
63 
5 
3 
6 
6 
6 
4 
1 
5 

8. 
- 

Fermentation Test 
Colon Bacilli 

48 Hours Incubation 
3700 

5 " 0  

-" 

...... 

...... 

...... ...... 

...... ...... 

...... 
_" 
4 CI  B. 

--r .. . . .  

::I : :  

. . ! . . I .  

: 

. . I * * ! .  . . . . .  

. . . . .  

. . . . .  .... 

..... .. ..,. 

. . . . .  

. . . . .  

. . . . .  _" 
1 c o  .B. 

"- 

.. . . . .  

. . . . . .  

. . . . . .  ...... 

. . . .  c 

. . . . . .  

...... 

. . . . . .  

. . . . . .  ...... 

...... 

. . . . . .  

...... ...... "_ 
1. Cl B. 

" 

I I  

" 

i: ::: + m "_ 
0 
0 

.. 4- 

0 . .  0 
0 . .  0 
.. + 0 

0 . .  0 
0 . .  0 
0 . .  

i p e r l  
--- 

"_ 

1- 0 .. 
O1 

* .  
0, 0 .. 
0' 0 .. 
0 1  0 . . 

0 0 . .  
0 0 .. 

:: 
0 0 . .  
0 0 . .  

-- 

01 0 .. 
i p e r l  

_" 

0 0 .. 
0 

.. 0 0 
0 . .  

~ 

t +  
0 +  
t o  
0 0  
t +  
t +  
0 0  

IO cc 
" 

" 

0 +  
t +  
0 0  
+ o  
0 

0 0  
0 0  

i- 

t f  
0 0  
O f  

0 0'  
0 0 ,  

O f  
0 +  

" 

0 cc 

" 

O f  
t o  
0 0  

0 +- LL ..I 0 
1 0  

0 + 0 . .  0 
+ + .. i- 0 
0 0 0 . .  0 
0 0 0 . .  0 

0 + . . + +  
+ + 0 . .  0 
0 0 0 ' 0 . .  
0 0 0 . .  0 
0 i- 0 . .  

, .......... 
I cc 00 r 1 pe li 
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Bacterial  Counts Colon Bacilli Colon Bacilli Bnrterial  Counts .j 

d Fermentation  Teat  Fermentation Test d i  5 ; -  
.d a 

8790 * ; 3  m 4 * 8  c av2 

g ; G2z%a Ak.622 7i 

3 o  ,.& 48 Hours Incubation g ,.: 
DATE w c  DATE 

.* 2 &.gsz <?.& 
1913 

v v o  
1913 0" 2 g :: o r( Q Count Count 3 

~1 v) N r( v, r( 1 0 0 Per cc Per cc """_ """ """""_ 
Sept. 4 . .  ..... 

.. 6 ....... 
O . . + +  0 ...... 14 5 " 1 5 . .  ..... 0 0 . . 0 0  ...... 16 56 .. 5 . .  ..... 

+ +  O f . .  . . . . . .  4 .. 77 Sept. 13 . .  ..... + + .. + + ...... 3 36 55 

+ + .. 0 0 0 .... 4 6 " 12 . .  ..... 
+ + .. 0 0 ...... spreader 48 .. 20.. ..... + 0 .. 0 0 0 .... 9 34 .. 11.. . . . . .  

O . . + +  0 ...... 1 4  45 .. 19. .  ..... f + .. + 0 0 .... 13 460 .. 10. .  ..... 0 . . + +  0 ...... 11 28 " 18. .  ..... O . . + +  0 ...... 11 9 " 9 .  ...... 
O . . + +  0 ...... 3 4 " 17..  ..... o . . + +  + ...... 35 210 .. 8. ...... 

0 0  0 0 . .  ...... 32 45 " 16 . .  ..... 0 0  0 0 . .  ...... 9 6 

.. 15. .  ..... 4 1 4  .... 0 0 0 .. + 

+ + .. 0 0 ...... 14 31 I' 18 . .  ..... 
0 o o . . +  ...... 1 6 .. 17..  ..... 
+ 0 ,. 0 0 0 *. .. 3 4 16 . .  ..... 
+ 

Sept. 4 . .  78 70 7 o +  +.. + .. ..... ...... .. " 19. .  ..... 8 3 ., .. f i- + 0 420 520 5 . .  + + ,. 0  0 0 

""""" 8..  ...... 240 1 4  ...... 0 + .. + + .. ...... 9. 440 240 .. 0 .. 0 + 

...... .. " 13. .  ..... 
+ +  O + . .  ...... 60 160 .. 12. .  ..... 

+ + .. + 0 ...... 140 1200 " 11.. ..... 
+ + .. + + 0 .... 1 4  480 " 10 . .  ..... 
+ + .. 

Sept. 4 . .  ..... 76 6 ...... 320 + + . . + +  
8 o + . .  + +  

260 480 0 0 + 4- 
" 15. .  2400 80 0 + . .  + +  

" 5 . .  
12 

16 440 360 .., . . 0 + + . . 

-t + .. + + + .... 300 6100 " 20 ....... " 10.. 
+ + .. + + + .... 210 1560 " 19. .  ..... 

24 
I' 9 . .  

O t . . + +  50 30 18.. + + .. 0 + .. 0 .. 3 12 ..... 
O . . + +  0 ...... 4 " 8..  ..... + + .. + + 0 .... 160 320 " 17. .  ..... 

17 
O . . + +  0 ...... 16 " 6 .  ...... + + 

5 " 11.. ..... 6 ...... 0 0 . .  0"  
" 12 . .  ..... 19 7 ...... o + . . + +  
'' 1 3  Averages.. 998 162 1 70 B. C. pe r l  BO ce ....... .. 3 ...... O + . . + +  .. 15. .  ..... 5 5 ...... 0 0 . .  0 0 
" 16 . .  ..... 7 1 ...... 0 o . . + +  
" 17 . .  ..... 4 . 2 ...... O f . .  0 0 Sept. 4 ....... 79 20 5 ...... + 0 . .  + +  
'' 19. .  ..... 7 5 ...... 0 0 . .  0 0  8. .  ..... 9  3 ...... 0 0 . .  0 0  
" 20.. ..... 4 6 . . . . . .  0 O . . + +  ( I  9 . .  ..... 29 6 ...... 0 o . . + +  -~"""" " 10 . .  ..... 15 4 ...... 0 0 . .  o +  

Averages.. ...... 27.6 37.1 1 4 B .  C o l i  pe r l  OOcc  11.. ..... 3 5 ...... 0 0 . .  0 0 
'i 1 2 . .  ..... 8 8 ...... o + . .  0 0 
" 13. .  ..... .. 3 ...... 0 0 . . +  0 .. 15 . .  ..... 8 1 ...... 0 0 . .  o +  

Sept. 4 . .  ..... 77 16 5 ...... 0 0 . .  0 0  ' I  16 ....... 11 600 ...... 0 0 .. 0 + 
5 . .  ..... 240 420 ...... 0 + .. + + " 17..  ..... 8  2 ...... 0 0 . .  0 0  .. 6. ...... 40 . . . . . .  0 O . . + +  " 18 . .  ..... ...... 6 8 0 u . . + +  

" 8 . .  ..... 8 ...... 0 + . .  + +  ..... " 19.. 39 11 ...... 0 0 . .  + +  .. 9. .  ..... 7 4 .. 0 .. 0 0 .. 0 + ..... " 2 0 . .  3 spreader ...... 0 0 .. + 0 
" 10. .  ..... 0 .... .. 2 0 0 0 0 0 2 2 . .  ..... 3 1 4  ...... 0 0 .< 0 + 

"- ""_" 
" 13.. ...... p e r l 0 0 c c  5 B . C o l i  41.5 34.5 Averages ........ + 0 .. + 0 0 ._  .. 1 4  .. 

-" - -__  - - - - 

..... ...... 
..... .. . . . . . .  .. 2 0 . .  ..... t + 0 0 110 22 I' 6 . .  0 0 .. 0 0 0 . , spreader., 3 

Averages.. ...... o o c c  p e r l  Col i  B. 11 10.6 62 

~ """" "- 

..... ...... ..... .. ...... ....... 

..... . . . . . .  
..... + + .. + o +  .i .. 2 

""""" 

...... 

.. 18.. ..... 0 0  0 0 . .  ...... 10 9 ' I  6 . .  ..... + +  .. o +  ....... 9  5 

8 
22 

6 11.. ..... 
OOcc p e r l  Coli 3 B .  45.5  11.5 Averages ........ ? .. ...... l7 9 12 . .  ..... o +  0 . .  0 ...... 8 -.""" "_ 
I- 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory RI 

1 
DATE 

1913 - 
Sept. 4 . . . . . . .  .. 6 . .  ..... .. 8. .  ..... 

" 9. .  ..... .. 10.  ...... 
" 11.. ..... 
" 12 . .  ..... 
" 13..  ..... 
" 1 5 . .  . . . . .  
" 16 . .  ..... 
" 17 . .  ..... 
" 18..  ..... .. 19 . .  ..... 
" 20.. ..... 
6' 22.. ..... 

Averages. ....... 

Sept. 4.. ..... 
" 6 . . . . . . .  
'' 8..  ..... 
a 9  ....... 
" 10 . .  ..... 

11.. ..... 
" 12 ....... 

13. .  ..... 
" 15. .  ..... 
" 16 . .  ..... 
" 17 . .  ..... 
" 18. .  .... 
" 19..  .... 
" 20.. .... 
'( 22..  .... 

Averages. ...... 

Sept. 4 . .  ..... .. 6 . .  ..... 
" 8 . .  ..... 
'' 9..  ..... 
" 10..  ..... 
" 11.. ..... 
" 12 . .  ..... 

13..  ..... 

Bscteril 

- 
Count 
Per 00 - 

19 
9 

11 
21 
18 
9 
1 

11 
6 
4 
5 
4 
3 
2 

8 

.. 

- 

- 
33 
17 
16 
48 

2 
11 

3 

9 
34 
6 
4 
8 

1 4  
4 

1 4 . 0  

.. 

- 
c_ 

55 
110 
90 
80 

220 
1 4  

160 .. 

Jaunts 

cE1 6 m.0- 
4 2s 

m b m r  

$522 
b 2 W  G 

Count 
Per C'C - 

6 
15 

6 
13 
5 
9 
4 
8 

34 
8 
4 
1 
2 
5 
3 

7 

" 

5 
18 
15 
27 
15 
6 

4 
14 
'9 
4 
8 
3 
4 
4 

8 

.. 

- 
- 

22 
34 
15 
9 

59 
12 
35 
5 

Iorts. Laboratory  at  Windsor, Ont. Waters of the  Detroit  Wver. 

Fermentation  Test 
Colon Bacilli 

48 Hours Incubation 
37OC 

$ % '  * u ; *  2 a . o ? s ; z  
""" 

...... 
0 0 . .  ...... o + . .  

.. 4- 0 . . 8  .... 
0 0 . .  ...... 
0 0 . .  ...... 

.. 0 0 ...... 
0 0 . .  ...... 0 0 . .  ...... o + . .  . . . . . .  
0 0 . .  ...... 
0 0 . .  ...... 0 0 . .  ...... 0 0 . .  ...... 0 0 . .  ...... o n . .  ...... 

4 6 .  C o l i  pe  r l  
"_"_ 

""" 

...... 

...... 
0 0 . .  ...... 
0 0 . .  ...... 
0 0 . .  

o + . .  ...... 
0 0 . .  ...... 
u + . .  ...... 
0 0 . .  ...... 
o + . .  ...... 
o + . .  ...... 
0 0 . .  ...... 
0 0 . .  ...... 
0 0 . .  ...... 
0 0 . .  ...... 

.. t 0 .... .: 
0 0 . .  

5 8 . c o l i  p e r 1  
""" 

""" 

...... 

0 + . .  ...... 
0 0 . .  ...... .. + + ...... 0 0 . .  ...... o + . .  ...... .. + 0 ...... o + . .  

...... 
ti.. 

0 

c c c 
cl - 

I -  

I -  

. -  
' 0  

i :  

" 

1 "  
t o  , o  
1 1 0  
" 

I-+ 
0 0  
O +  
O +  
t +  
0 0  
O +  
t o  
0 
0 0  

+ 

t +  
O +  

0 +  

t +  
O +  

" 

I O  cc  

" 

t f  
ti 
0 0  
t +  
t +  
0 0  
O f  
O f  
+ +  
t +  
0 0  + +  
t +  
0 0  + +  
IO cc 
" 

" 

i - +  
+ +  + +  + +  
+ +  
O +  + +  
f +  

DATE 

1913 
" 

Sept. 15 . .  ..... .. 1 6 . .  ..... .. 17..  ..... 
" 18 . .  ..... 
" 19..  ..... .. 20. ...... 
(' 22. .  ..... 

Averages.. ...... 
"- 
Sept. 4.. ..... .. 6 .  ...... 

" 8. .  ..... 
" 9 .  ...... 
" 1 0 . .  ..... 
f' 11.. ..... 
" 12 . .  ..... 
'' 13..  ..... 
" 15 ....... .. 16. .  ..... .. 17..  ..... .. 18.. ..... .. 19. .  . . . . .  .. 20..  .... .. 22 ....... 

Averages. ...... 
- 
Sept. 4 . .  .... .. 6 . .  ..... .. 8. .  ..... 

" g . . . . . .  .. 10. .  ..... 
13. .  ..... 

" 15  ....... 
" 18 . .  .... 
(' 25.. ..... 
" 2 6 . .  .... 
" 27 ...... 
" 29. .  ..... 
" 30 ...... 

Oct. 1 . .  .... 
" 2 . . . . . .  

Averages.. ..... 

13 
29 
44 
70 

198 
440 

4 

103 

340 
70 

210 
260 
60 

$ 78 
21 

130 
360 
50 

120 
220 
380 
110 

.. 

163 

270 
280 
180 
180 
120 

120 
120 
140 
200 

4 
180 
90 

320 
290 

178 

.. 

- 

> > 
3 
3 
- 

t 
t 
t 
t 
t 
t 
t 
- 
I O  

- 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
- 
II 

- 
t 
t 
i 
t 
i 
-t 
t 
t 
-t 
t 
i 
i 
i 
i 
i 
- 
! I  

> 
J > 
3 - 

t 
t 
t- 
t 
t 
i -  
i- 
- 
:C 

- 

-t 
t 
+ 
+ 
t- + 
t- 
+ 
-t 
+ + + 
+ 
+ + 
- 
:C 

- 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
+ 
+ 
i 
- 
CC 



.I 68 POLLUTION OF BOUNDARY WATERS 

INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Field Laboratory Re1 3orts.  Laboratory  at Windsor, Ont. Waters of the  Detroit River. 

__ 

DATE 

1913 
"" 

.Sept. 4 . .  . . . . .  .. 6 ....... .. 8. ...... 
" 9 . .  ..... .. 1 0 . .  . . . . .  .. 1 3 . .  . . . . .  .. 1 5 . .  . . . . .  .. 18. .  . . . . .  .. 2 5 . .  . . . . .  
" 2 6 . .  ..... 
'( 2 7 . .  ..... 
" 2 9 . .  . . . . .  
" 3 0 . .  ..... 

act. 1.. . . . . .  .. 2 .  . . . . . .  
Averages.. ...... 

Sept. 4.. . . . . .  .. 6 . .  ..... .. 8. . . . . . .  .. 9 . .  ..... .. 10 , .  . . . . .  .. 1 3 . .  . . . . .  .. 1 5 . .  ..... 
" 1 8 . .  ..... .. 2 5 . .  ..... .. 2 6 . .  ..... .. 2 7 . .  . . . . .  .. 2 9 . .  ..... .. 3 0 . .  ..... 

,Oct. 1.. ..... .. 2 .  . . . . . .  
Averages. ...... 
- 

I Bacterial  Counts 2ounta 

,o 5 ,B 
2 C Z i  

maj * -  '.$ $5 
- 
Count 
Per CC 
" 

19 
60 
22 

110 
14 

114 
48 
16 
15 
6 
2 

30 
8 

160 
36 

44 
J 

" 

_- Barteri 
I -  

!i m . 5  
4 2 %  

0 . 0  0s 
0 s a g  
Z Z 2 4  
Count 
Per CQ 
" 

22 
59 
110 

85 
63 

220 
38 
38 
80 
6 

38 
34 

120 
85 

.. 

"- 
71.3  

Fermentation Test 
Colon Bacilli 

48 Houra Incubation 
37"C 

Fermentation Test 
Colon Bacilli 

48 Hours Incubation 
37oc DATE 

> ::: , , : : : : v : : : : : :  

' . S 1 4 Z 2 4 = :  
"""" 

.....  0 0 .. 0 + 

. . . . .  -t -t  .. -!- + 

. . . . .  O + . . + +  
. . . . . . + .  F a . + +  
. ... 0 + 0 .. + + 

1 -  + 4 -  .. + + 
1 -t- + .. + + 

+ 1 -  -1. + -1- + 
, .  0 + 1 + * .  + + 
.. 0 + t- t. .. + + 
,. 0 ~1 + t .. i- 4- 
* .  0 -1 + -t .. -1- + 
,. 0 0 4- + .. + + 

,. .. 
.... 

.. 

. . . .  

. . . .  

. . . .  0 0 0 .. 0 + 

. . . . . .  i- + .. + + 

. . . . . .  + + . , + +  

. . . .  0 0 + .. + + 

.. 0 0 + 4- .. + + 

.. 0 -t -t + .. + + 

.. 0 + + + .. + + 
-1 + + .. + + 

.... 0 0 + .. + + 

.. 0 + + + . . + +  

.. 0 0 + + . . + +  

.... 

. . . . . .  
I . .  .... 
...... 
. . . . . .  .... 0 + 0 .. 0 0 
...... + -1- .. + + 
...... + + . . + +  

I.. .. 0 0 0 .. + 0 
.... + + + .. + + 

I 
1913 
-~ 
Sept. 2 6 . .  ..... 

2 7 . .  ..... 
2 9 . .  ..... 

" 3 0 . .  . . . . .  
Oct. 1. ...... 

" 2 . .  ..... 
Averages.. ...... 
"__L 

Sept. 4 . .  . . . . .  
" 6 . .  ..... 
" 8. .  . . . . .  
" 9 .  . . . . . .  
" 1 0 . .  . . . . .  
" 1 3 . .  . . . . .  
" 15. .  . . . . .  
" 18..  ..... 
" 2 5 . .  . . . . .  
" 2 6 . .  . . . . .  
'' 2 7 . .  . . . . .  
" 2 9 . .  . . . . .  
" 30 ....... 

Oct. 1.. . . . . .  
(( 2 . .  ..... 

Averages.. ...... 
"" 

Sept. 4 . .  ..... 
" 6 . .  ..... 
" 8 .  . . . . . .  
" 10.. 
" g . . . . . .  

" 1 3 . .  .... 
" 1 5 . .  . . . .  
" 1 8 . .  .... 
" 2 5 . .  . . . .  
" 2 6 . .  . . . .  
' I  27 ...... 
" 2 9 . .  . . . .  
" 30 . . . . . .  

Oct. 1.. . . . .  
" 2 . . . . . .  

.... 

Averages.. ..... 

-1- " 

/ I  

""" 

.... 0 0 - 1  .. 

. .I.. .. .. 

8 
1 
8 
s 

11 
8 

16.3 14 .2  

'1- 38 
28 
30 

120 
34 

18 
5 

14 
1 
0 
2 
5 
4 

12 

.. 

9 
13 
32 
4 

11 
5 

16 
7 
3 
3 
3 

30 
4 
4 
5 

.. 

.. .. 

.. 

.. .. 

.... .. 

.... 0 0 0 .. 
4 B. CQ l i  pe  r l  I 

- - - - - - - . 

I 

.. 

.. 

4 .. 
7 

4 
28 
4 

36 
5 

56 
22 

( 5  
18 
4 
2 

10 
3 

220 
14 

28.  
- 
- 

13 
18 
6 

16 
8 
6 

17 
11 
17 

18 
9 
7 

75 
31 

60 
19 
28 
20 
2 

18 
80 
94 
11 

3 3 . 1  

.. 

19 
12 
12 
34 
23 

58 
8 

19 

.. 

22 10 

" 

55 
27 
10 
1 4  
10 
40 
50 

5 
5 
5 

I 

880 
36 
9 

35 
60 

60 
3 
5 

300 
1 
2 
2 
6 

11 

10 

.. 

" 

-1- 
Sept. 4 . .  . . . .  . I  8: 

" 6 .  ...... 1 
'@ 8 .  ...... 
" 9 . .  . . . . .  
" 1 0 . .  ..... 
" 1 3 . .  . . . . .  I 
" 15.. . . . . .  ~ 

" 18.. .... . /  
I 
I 

2 5 . .  ..... 

7 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field Laboratory  Reports.  Laboratory  at  Windsor,  Ont.  Waters of the  Detroit  River. - 

DATE 

1913 
"~ 

Sept. 2 6 . .  . . . . .  .. 2 7 . .  . . . . .  
'/ 29..  . . . . .  
" 30..  . . . . .  

Oct. 1 . .  . . . . .  
" 2 . .  . . . . .  

Averages.. ...... 

"" 

Sept. 4 . .  . . . . .  
" 6 .  . . . . . .  
" 8. . . . . . .  
" 9 . .  . . . . .  
" 10..  ..... 
" 13..  . . . . .  
" 15. .  . . . . .  
" 18..  ..... 
" 2 5 . .  . . . . .  
" 2 6 . .  . . . . .  
'' 2 7 . .  . . . . .  
" 29. .  . . . . .  
" 30.. ..... 

Oct. 1.. . . . . .  
" 2 .  . . . . . .  

Averages.. ...... 
~ - "  

Sept. 4 . .  ..... 
" 6 . .  ..... 
" 8.. ..... 
" 9. .  
" 10..  . . . . .  
" 13. .  . . . . .  , 
" 15. .  . . . . .  

~ . . . . .  

..... . " " 18..  1 
25. . . . . . .  
",:::::::~ 

" 2 . .  . . . .  .~ 

29.. . . . . .  
" 30.. ..... 

Oct. 1.. ~ . . . . .  

Averages.. ...... 

"___- 

Colon Bacilli 
Fermentation  Test 

48 Hours Incubation 
. 37.30 

Fermentation Test 
Colon Bacilli 

48 Hours Incubation 
37oc DATE 

1913 
- 1 -  

I 
1000 

800 
100 

2800 
4400 
1800 

10 

500 
90 

2600 
1200 

E35 

.. 

120 
2200 
3200 
180 

2400 
8700 
3GOO 
1900 
2300 
450 

2800 
700 
200 

9200 
2200 

3476 
- 

1 4  
50 

30 
50 

200 
640 
940 
150 
140 
300 
100 
180 
1200 
360 

.. 

+ .. 
-i- + 
-4- . . 
+ +  
+ +  
+ +  

Sept. 4.. . . . . .  90 
" 6 .  . . . . . .  
" 8. . . . . . .  ~ 

'< 10.. . . . . .  1 
" 9 . .  . . . . .  ~ 

" 13..  ..... ~ 

" 1 5 . .  . . . . .  1 

" 18.. ..... ~ 

" 2 6 . .  ..... ~ 

" 25 ...... ~ 

.. 0 + - I  t-J+ ;. "- 
~ I_-)-  

.. 

0 + + .. 
I .  -t -I- + -1- , . 

,. + + i- + .. 
,. + + + 4- .. 
.. 0 +- + + .. 

+ - I  + + + . , 
). i"+ + -1 .. 
19008.  C. p e r 1  

, . I +  -k t + .. 

, . 0, +/  4- + . . 
' *  1 

""" 

.... .. 
... .. 
. 0: 01 0 0 .. 
. . . . .  + 4- .. ' 
. . .  0 + + .. 
. o +  + + . .  

., 0 + +- + .. 

. . . I +  + i- 
*. I  

. Oli i -  + ..# 

""" 

0 94 8. C .  pe r l  

.. 
50 
10 
20 
60 
3 

50 
60 
20 
30 

1 EO 
_L_ 

" 

;GO 
2000 
230 
480 

40 

40 
20 
20 
10 
3 

30 
20 
40 

.. 

-I- +- 110 
4 
2 
3 

2 0 
20 
30 
1 
2 

58.3 
" 

3000 
2000 

47 
120 
20 
80 
80 

110 
30 
70 
0 
0 

20 
7 

10 

388 

320 
2500 
1700 
320 
320 

1700 
120 
70 1 

1976 

" 

2000 
3000 

10000 
2500 

14400 

3600 

5200 
7000 
6000 
200 

56000 
GB000 
92000 

.... 

.... 

lO/cc 

" 

<' 27 . . . . . .  
" 29.. . . . .  
'' 30.. .... 

Oct. 1 . .  . . . .  
2 . . . . . .  

Averages.. ..... 
"" 

Sept. 4 . .  .... 
" 6 . . . . . .  
" 8 . . . . . .  
" 9. . . . . .  
" 10..  . . . .  
" 13..  . . . .  
" 15.. . . . .  
" 18. .  . . . .  
" 2 5 . .  . . . .  
" 2 6 . .  . . . .  
" 2 7 . .  . . . .  
'' 2 9 . .  . . . .  
" 30 . .  . . . .  

Oct. 1.. . . . . .  
'( 2 .  . . . . . .  

Averages.. ...... 
"" 

Sept. 4 . .  ..... 
" 6 .  ...... 
" 8. . . . . . .  
" 9 . .  . . . . .  
" 1 0 . .  . . . . .  
" 13. .  . . . . .  
" 1 5 . .  ..... 
" 18..  ..... 
" 2 5 . .  ..... 

+ +  
+ f  + +  
f .. 
+ .. 
+ +  
+ .. 
+ +  
+ .. 

I 
!- 

. _  

' 70 

1 4  
" 

92 2000 
3000 
3600 
3000 
4400 

GO 
10 

700 

.... 

' 1  
f .. 
t t  
ti.. 

.I- 

23778 

" 

130 
74 

2000 
500 

80 

3100 
!9000 
3200 

15000 
12000 
4400 
500 

18000 
i8000 

13284 

.... 

- 

" 

t +  
t +  I. . . .  .. 
- +  .. 

.. - +  

.. 

.. 
- i- 

.. 
- +  ' 

r +  

I +  
" 

0 cc I667 

"" - 
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INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Field Laboratory Reports. Laboratory at  Windsor, Ont. Waters of the Detroit River. 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports.  Laboratory  at Windsor, Ont. Waters of the Detroit  River. 

DATE 

1913 

Sept. 4 .  ...... 
" 6 .  . . . . . .  
" 8 .  . . . . . .  
" 9. . . . . . .  
" 10.. ..... 
" 13.. . . . . .  
" 15.. . . . . .  
" 18.. . . . . .  
" 25.. . . . . .  
'' 26..  . . . . .  
(' 27.. . . . . .  
" 29.. . . . . .  
" 3 0 . .  . . . . .  

Oct. 1. . . . . . .  
" 2 .  . . . . . .  

Averages.. ...... 

Bacterial Counts Colon Bacilli 

48 Hours Incubation 
37OC 

m 9 1 0 Per cc Per cc ~1 N 
"""" ""_ 

100 

+ + .. f 0 0 .... 20 10 
+.. O f . .  0 .... 20 20 

+ + .. 0 0 0 .... 120 10 
...... O f  0 .... 40 50 

+ + .. + + 0 0 .. 50 .. +'.. .. + 0 0 0 .. 90 60 
.. -t .. + 0 0 0 .. 11 75 

o . . + +  0 0 . . . . . .  20 
+ +  o + . .  . . . . . .  12 55 
+ +  O + . .  ...... 17 39 

4 2 .... 0 + + .. + + 
2 6 .... 

+ 0 .. 0 0 0 .... 4 4 
+ 0 .. 0 0 0 .... 2 8 
+ + .. 0 0 0 

13 4 .... 0 0 0 . .  + + 

105 2 4 B . C o l i  p e r l 0 0 c c  j 
I 

"-.-_______- ! 

DATE 

1913 

Sept. 4.. . . . . .  
" 6. . . . . . .  
" 8..  .:. . .  
" 9 .  . . . . . .  
" 10. . . . . . .  
" 13.. . . . . .  
" 16.. . . . . .  
'' 18.. . . . . .  
" 2 5 . .  . . . . .  
" 2 6 . .  ..... 
" 27.. . . . . .  
" 29.. . . . . .  
" 30.. . . . . .  

Oct. 1.. ..... 
" 2 . .  ..... 

Averages. ....... 

10 

Bacterial Counts 

130  19 
52 25 
20 
80 370 

110 20 
.. 10 
60 30 
0 170 

20 50 
20 50 
18 8 
38 82 

4 30 
120 3 
65 1 4  

51 33 

.. 

"- 

" 

Colon Bacilli 
Fermentation  Test 

48 Hours Incubation 
3700 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports.  Laboratory at Amlierstburg, Ont. Waters of the Detroit River. 

* .- 
DATE E 

bo 
fi  ... .-. a 

1913 ! 
m 

Sept.  10.. . . . . .  
" 11.. . . . . .  
" 12. .  . . . . .  
" 13. .  . . . . .  
" 15. .  . . . . .  
" 16. .  . . . . .  
" 17. ....... 
" 18.. . . . . .  
" 19.. . . . . .  
" 22.. . . . . .  
" 23.. . . . . .  
'' 24.. . . . .  

'$ 2 5 . .  . . . . .  

Averages.. ...... 
Sept. 10. .  ..... 

" 11.. ..... 
1 2 . .  ..... 

" 13. .  . . . . .  
" 15. .  . . . . .  
" 16.. . . . . .  
" 17.. . . . . .  
" 18.. . . . . .  
'' 19. .  . . . . .  
" 22.. . . . . .  
" 23.. . . . . .  
'' 24.. . . . . .  
'' 25.. . . . . .  

Averages.. ...... 

"" 

""- 
Sept. 10. .  ..... 

" 11.. . . . . .  
" 1 2 . .  ..... 

13. .  ..... 
" 15. .  . . . . .  
" 16. .  . . . . .  
" 17.. . . . . .  
" 18. .  ..... 
" 19.. ..... 
" 2 2 . .  ..... 
'' 23.. ..... 
'' 24.. , . , . , 
'' 25.. ..... 

Averages.. ...... 

"_ Bacteri 
I -  !: !im.! 24 2; 

I .E22 
, "m"dm;  
- - h a c  
Count 

Per CC 
" 

3520 
10000 

,. 
.. 
.. 

10000 
20000 
11000 
3600 

14000 
11000 
26000 

10124 

10000 
10000 

.. 

" 

- 

.. 

.. 

.. 
8000 

25000 
8000 
1400 
6000 
4000 
2400 

8333 

.. 

" 

- 
1080 
1080 .. 

.. 

.. 
1050 
1950 
3000 
600 
600 
400 
280 

1116. 

.. 

- 

Fermentation Test 
48 Hours Incubation 
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Field Laboratory Reports. Laboratory at Amherstburp. Ont. Waters of the Detroit River. 

DATE 

1913 
"" 

Sept. 9 . .  . . . . .  
" 1 0 . .  . . . . .  
' I  11. .  . . . . .  
" 1 2 . .  . . . . .  
" 13.. . . . . .  
" 15.. . . . . .  
'' 16.. ..... 
'' 17.. . . . . .  
" 18.. . . . . .  
" 19 ....... 
" 2 0 . .  ..... 
" 22.. ..... 
" 23. . . . . . .  
" 2 4 . .  . . . . .  
" 2 5 . .  . . . . .  

Averages.. ...... 
"" 

Sept. 9.. ..... 
10 . . . . . .  

" 11. .  ..... 
I" 12. . . . . . .  
" 13.. . . . . .  
'' 15.. ..... 
" 16.. . . . . .  
' I  17.. ..... 
" 18.. . . . . .  
" 1 9 . .  ..... 
" 2 0 . .  ..... 
.L 22 ...... 
" 23. . . . . . .  
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" 19... . . .  
' I  20. . . . . .  
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" 16.. . . . .  

17 ...... 
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" 19 . . . . . .  
" 20 . . . . .  
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" 23 ...... 
(' 24.  . . . . .  
" 26. . . . . .  
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Sept. 9 . .  ..... 
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" 16.. . . .  
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17.. . . .  
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DATE 

1913 
"" 

Sept. 6. .  . . ... 
" 8. ...... 
" 9 . .  . . . . .  
" 1 0 . .  ..... 
" 1 1 . .  ..... 
" 1 3 . .  ..... 
" 1 6 . .  . . . . .  
" 17.. ..... 
" 1 8 . .  . . . . .  
" 1 9 . .  . . . . .  
" 20. . . . . . .  
'( 2 2 . .  . . . . .  
" 2 3 . .  . . . . .  
'' 24 . . . . . .  
" 2 5 . ,  ..... 

AVCragES. ....... 

Sept. 6 . .  ..... 
" 8. .  ..... 
" 9 .  . . . . . .  .. 1 0 . .  . . . . .  
" 1 1 . .  . . . . .  

1 3 . .  . . . . .  .. 1 6 . .  . . . . .  
" 1 7 . .  ..... 
" 1 8 . .  . . . . .  
" 1 9 . .  . . . . .  
" 2 0 . .  ..... 
" 2 2 . .  ..... 
" 2 3 . .  . . . . .  
" 2 4 . .  ..... 

25. ...... 
Averages. ....... 
" 

Sept. 6 . .  ..... 
" 8.  ...... 
" 9 . .  ..... 
" 1 0 . .  ..... 
'$ 1 1 . .  ..... 
" 13  ....... 
" 1 6 . .  ..... , 

17.. ..... I 

Field Laboratory  Reports. Laboratory at Amherstburg, Waters of the  Detroit River. 
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4 C C  ip gn.: ;E" 2 :  
I I .?Z$ l",m L 

:.e e Y i  
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" 
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.. 
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.. 
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" 
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- 
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D.tTE 

1913 

Sept. 1 5 . .  ..... 
" 1 9 . .  . . . . .  
" 20 . . . . . .  
" 2 2 . .  . . . .  
" 2 3 . .  . . . .  
" 2 4 . .  . . . . .  
" 2 6 . .  . . . .  

Averages. ...... 
"_ 
Sept. 6 . .  . . . .  

&' 8 .  ...... 
" 9 .  . . . . . .  
" 1 0 . .  . . . . .  
" 11. . . . . . .  
" 1 3 . .  .... 
" 1 5 . .  . . . . .  
" 1 7 . .  ..... 
" 18., ..... 
" 19.. . . . . .  
" 2 0 . .  . . . . .  
" 2 2 . .  ..... 

2 3 . .  ..... 
" 2 4 . .  ..... 
" 2 5 . .  ..... 

Averages.. ..... 
- 

Sept. 6.. ..... 
" 8. ...... 
" 9 .  ...... 
" 1 0 . .  ..... 
" 1 1 . .  ..... 
" 1 3 . .  . . . . .  
" 1 5 . .  ..... 
" 17.  . . . . . .  
" 1 8 . .  ..... 
" 1 9 . .  ..... 
" 20 . .  ..... 
" 22. .  ..... 
" 2 3 . .  ..... 
" 2 4 . .  ..... 
" 2 6 . .  ..... 

Averages.. ...... 
- 

I I 
, ~ 
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1400 
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- 
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400 
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c 
.e 
0 

DATE !A 
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.e 
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1913 I 3 
m 

Sept. 6 . .  .. ...I 12! 
" 8. . . . . . .  
" 9. .  I 
" 10.. . . . . .  I 
" 11.. . . . .  . I  
" 1 5 .  . . . . . .  i 
" 18.. . .  . . . I  

. . . . .  

" 13.. ..... 
" 17.. . . . . .  

" 19.. ..... , 
" 20..  . . .  . . I  

.I 2 2 . .  . . . .  .# 
" 23.. ..... 
'6 2 4 . .  ..... i 
" 2;. ...... I 

Averager ........ 
"- 
Sept. 6 . .  ..... .. s . . .  . .  .. 9 .  . . . . . .  

I' 10.. . . . . .  .. 11.. . . . . .  
" 13. ..... 
" 15.. . . . . .  
" 1 7 . .  . . . .  .. 18. . . . . . .  .. 19.. . . . . .  
" X .  . . . . . .  .. 22. .  ..... .. 23.. ..... 
" 24 ...... .. 26.. ..... 

Averages.. ...... 
"- 

Sept. 6 . .  ...... 131 
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" 9. . . . . .  
" 10.. ..... 
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" 13.. ..... 
'' 16.. . . . . .  

... I 
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I 
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410 
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.. 

.. .. 
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140 
60 

140 
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1289 
" 
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920 
.. .. 

450 
720 
400 
500 
160 
60 

110 
54 

593 
" 

- 
14 

152 
80 

410 
540 
.. 
10 
.. 

DATE 

1913 
"" 

Sept le.. .... 
" 10.. . . . .  
" 20 . . . . . .  
" 2 2 . .  . . . .  
" 2 3 . .  . . . .  
" 2 4 . .  . . . .  
" 25. .  . . . .  

Averages.. ..... 

Sept. 6 . .  . . . .  
'< a . . . . . .  
" g . . . . . .  
" 10.. . . . .  
" 11.. . . . .  
" 13.. .... 
" 15 . . . . . .  
" 17.. . . . .  
" 18.. . . . .  
" 19 . . . . . .  
" 20.. . . . .  
(( 22 . . . . . .  
" 23 . .  . . . .  
" 24 . . . . . .  
'' 2 5 . .  . . . .  

Averapes.. ..... 
"" 

Sept.  6.. . . . .  
" s . . . . . .  
" 9. . . . . . .  
" 10.. . . . . .  
" 11.. . . . . .  
" 13.. . . . . .  
" 16.. ..... 
" 17.. . . . . .  
" 18.. ..... 
" 19.. ..... 
" 20. . . . . . .  
" 2 2 . .  ..... 

2 3 . .  ..... 
'' 2 4 . .  ..... 

25.. ..... 
Averages.. ...... 

Ratter 
~ 

' h' 

y z m . :  

" 2G:i . 

@a+ * *  
T.2;f 0 5  

Per CC 
Count 

- 
32 
YO 

440 
200 
40 
86 
82 - 

167 

- 
12 
25 
90 
60 

6000 
.. .. 
22 
42 
12 

400 
30 

120 
6 

10 

525 
- 
- 

18 
40 
20 
60 

940 .. 
30 

350 
130 
22 
14 

400 
18 
18 

158 

.. 

- 
- 

ial - 

- 1 -  

-I- 

- 1- 

.- 

24 
22 
so 

250 
BO 
24 

G 

84 
- 
" 

18 
19 

130 
20 

544 .. 
13 
68 
13 
50 

120 
50 
12 
14 

82 

.. 

" 

38 
28 

100 
20 
30 
.. .. 
14 
21 
34 
18 
60 
60 
10 
3 

3 1  

Colon Bacilli 

48 Hours  Incubation 
Fermentation  Teat 

3700 
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DATE 

1913 

Sept. 6 . .  .... .. 8 . . . . . .  .. 9. .  . . . . .  
" 10. .  . . . . .  .. 11.. . . . .  .. 13. .  .... .. 15..  . . . . .  .. 1 7  ...... 
" 18.. ..... .. 19 . .  . . . . .  .. 20.. ..... 
(' 22.. ..... 
'' 23.. . . . . .  
" 24.. . . . . .  .. 25.. ..... 

Averages.. ...... 

I. 

I 

Field Laboratory Reports.  Laboratow at Amherstbure. Ont. Waters of the Detroit  River. 
I 

DATE 

1913 

.. + + ..... 

.. + .. " 11 . . . . . . .  

.. + .. " 13 . .  . . . . .  

. . . . . .  " 1 5 . .  . . . . .  

.. + .. 17 . .  . . . . .  
,. + .. " 18. .  ..... 
,. + .. " 19 . .  . . . . .  

. + +  '( 22. .  ..... 

. + +  " 23. .  . . . . .  

. 0 .. " 24. .  . . . . .  . + .. " 25..  ..... 

. + .. 

. f + Averages ........ 

. + +  

1 00 EO 

, .  + + *  " 20.. . . . . .  

"_ 

" 

a 

- 

" 

Bacte. 

!?ZZ%, 
Count 

Per CC 

SO 
1400 .. 

38 
170 
40 
38 
40 
80 
34 
24 

.. 

" 

194 

" 

10 . . . . .  
. . . .  0 . 

16 .. 0 - 

85 . . . . .  
48 .. * .  . 
30 . . . . .  
30 .. 0 1 

180 .. 0 1 
48 . . . .  ( 

123 .. 0 

. . . . . .  

120 .. . . j .  

69 3 8 6 8  

I _ _ _ ~ ~  " 

3 
3 

_ .  
. I  

37OO 

""_ 
-+ I 
-4 4 .. -t .' 

.. + .. 
-t . . . .  .. 
-t -t .. + + 
-1- -t . . + + 
+ -1 .. + .. 
0 -t .. t .. 
+ 4- .. t .. 
0 i- .. -t + + + .. t- + 

C. pe r l  00 cc 

...... 
:. 1- ' 

+ t I.. 4- .. 

""_ 

' I  
~ ~~ 

~ " 

A 
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Field  Laboratory  Reports.  Laboratory  at Detroit, Mich. Waters of the  Detroit River. 

DATE 

1913 
- 

May 23. ..... 
'! 26.. . . . .  
" 27.. . . . .  
'( 28.. . . . .  
" 29. .  . . . .  
" 31 . . . . . .  

June 2 . .  .... 
" 3 . . . . . .  
" 4. . . . . .  
" 6 . . . .  .. .. 6 . . . . . .  .. 7 . . . . . .  
" g . . . . . .  
" 10..  .... 
" 19..  . . . .  .. 20.. .... .. 21.. . . . .  
" 24 ...... 
" 2 5 . .  . . . .  

July 4 . .  .... 
I' 6 . . .  . . .  
" 6 . . . . . .  

7 .  ..... 
Averages.. ..... 
" 

May 23 ....... 
" 26.. ..... 
" 27 ....... 

28.. ..... 
" 29.. ..... 
" 31.. ..... 

June 2 . .  ..... 
y 3  ....... 
I' 4 . .  ..... 
" 6  ....... 
" 6  ....... 

7.. ..... 
" 9..  ..... 
" 10.. . . . . .  
" 19.. ..... 

20.. ..... 
" 21.. ..... 
" 24.. ..... 

26.. ..... 
July 4 . .  ..... 

p L.! g-4 2: 
I .zs$ 

o c a  m-m c 
r i&*F 

Count 
Per CC 
-~ 
- 

.. .. .. 

., 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
__ 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. .. .. .. .. .. 

IA - 

I "  

Colon Bacilli 
Fermentation Test 

48 Hours  Incubation 
37% 

" 

10 .. 
156 . . 

lG00 .. 
170a .. 
438 . . 
93 .. 
37 .. 
57 .. 

205 .. 
97 . . 
160 .. 
299 . . 
142 .. 
274 . . 
81 . . 

196 .. 
216 .. 
38 . . 

320 . . 
340 .. 
130 .. 

GO . . 
107 .. 
293 91 

"- 

"- 

5 . . I  
17 . . I  
27 .. 
7 .., 
2 . . I  

7 .. 
4 .. 

10 .. 
7 * . I  

12 .. 
8 

41 : :~ 
37 .. 
8 
8 ..I .., 

11 ..I 18 
..! 

32 .. 
4 .. 

I 

5 . .~ 

: : . s z : g  ".:uJ"uJ 
""" 

0 + .. 0 .... 
. . + . . +  

.... . . + . . +  

.... 

.... . . + . . +  

.... . . + . . +  .... 
. . + . . +  

0 + .. + .... 
o + . .  ...... 
o + . .  ...... 
o + . .  

........ + +  ........ 
+ +  . . . . . .  o + . .  

...... 

o + . .  ...... + +  . . . . . . .  
0 + .. . . . . . .  
+ +  ........ 
0 0  ........ 
+ +  ........ 
0 + . .  ...... 
o + . .  ...... 
+ +  ........ 
0 + ........ 

8. C.  pe r 1 00 cc  
""" 

""" 

0 

.... 0 .. 0 0 

. . . .  0 .. 0 0 

.... + .. 0 0 

.... + .. 0 0 

. . . .  0 .. 0 0 

.... 0 .. 0 0 

. . . .  0 0 . .  

0 0 . .  0 .... 
0  0 .. + .... 
0 .... + .. 0 

0 0 .. + .... 
0 0 .. + .... 
0 0 .. 

.... 0 .. 0 0 

.... 0 .. 0 0 

.... + .. O f  

.... + .. 0 0 

.... + 

0 +  

.... o , . . +  0 

..... + .. o +  

.... + .. 

DATE 

1913 
- 
July 6 . .  .... 

" 6 . ,  ..... 
" 7  ....... 
u 

h ....... 
Averages.. ..... 
June 4 . .  .... 
" 6 . .  . . . . .  
(' 6. .  ..... 
" 7  ....... 
" 9..  . . . . .  
" 10. .  . . . . .  
'' 14 . .  . . . . .  
" 20.. . . . .  
" 21.. . . . . .  .. 23.. . . . . .  
" 24.. . . . . .  
" 2 5 . .  . . . . .  

Averages. ....... 
" 

May 23 ....... 
" 26..  . . . . .  
(( 27.. . . . . .  .. 28..  . . . . .  
" 29..  . . . . .  
" 31..  . . . . .  

June 2 . .  . . . . .  
" 3  . . . . . . .  .. 4. .  . . . . .  .. 5 . .  . . . . .  .. 6. . . . . . .  .. 7 . .  . . . . .  
" 9 . .  . . . . .  .. 10..  . . . . .  .. 19 . .  . . . . .  .. 2 0 . .  . . . . .  .. 21.. . . . . .  .. 24.. . . . . .  .. 25.. . . . . .  

July 4 . .  ..... 
" 6  ....... 
'( 7 . .  ..... 

Averapes.. ...... 

' I  - D ....... 

" 

I 

.. .. 

.. .. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

- 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. - 

- ial 

- - 7 - 1 -  
16 . . .  
52 . . .  
16 . . .  
11 . . .  
13 2 5 .  
"" 

"- 
11 ... 
41 . . .  
19 . . .  
29 ... 
9 ,. . 
4 . . .  
9 ... 

19 . . .  
1 4  . . .  
22 . . .  
5 . . .  

18 . . .  
16 2. 8 

"- 
"- 

8 ... 
9 ... 

16 ... 
5 ... 

10 .... 
7 . . . .  
5 .... 
5 .. * .  
1 .... 
8 .... 

135 .... 
38 .... 
13 .... 
15 . . . .  
21 .... 
17 .... 
30 .... 
6 .... 
7 .... 

13 .... 
20 .... 
23 .... 
20 .... 
18 1 8 .  

"- 

- 
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Field Laboratory Reports.  Labcratory at  Detroit, Mich. Waterr of the  Detroit River. __"~ ~- " " 
I . _ _ _ _ _ _ _ _ ~  

I 

l i  
6 

DATE 

I E 

d 
L 

1913 
"" 

May 23 ....... 
" 26.. ..... 

: 

" 2 9 . .  ..... 
'' 28.. ..... 
" 2 7 . .  . . . . .  

" 3 1 . .  . . . . .  
June 2 . .  ..... 

" 3 . .  . . . . .  
" 4 .  . . . . . .  
" 5 . .  . . . . .  
" 6 . .  ..... 
'( 7.. . . . . .  
" 9 . .  ..... 
" 1 0 . .  . . . . .  
" 1 9 . .  ..... 
" 2 0 . .  ..... 
" 2 1 . .  ..... 
" 2 4 . .  ..... 

2 5 . .  . . . . .  
Ju ly  4 . .  ..... 

" 5 . .  . . . . .  
" 6. ...... 
" 7  ....... 

fiverrger.. ...... 
"" I 
May 2 3 . .  ..... 

" 2 6 . .  ..... 
21 

" 28.. ..... 
'' 27.. . . . . .  

2 9 . .  . . . . .  .. 3 1 . .  . . . . .  
J u n e  2 . .  ..... 

" 3  . . . . . . .  
" 4 .  ...... 
' I  6.. ..... 
' I  6.. ..... .. 7 . .  ..... 
" 9 . .  ..... 
" 1 0 . .  ..... 
" 1 9 . .  ..... 
" 2 0 . .  ..... 
" 2 1 . .  ..... 
" 2 4 . .  ..... 
I' 2 6 . .  ..... 

July 4.. ..... 

~ -" .~ Bactc 

,o M a  :* 2 
22% 
.5c 

" 

Coun, 
Per C 
" 

.. .. 

.. 

.. 

.. 
. I  

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. .. 

.. 

.. 

.. 
- .. 

- 
.. .. 
.. 
.. .. 
.. 
.. 
e .  .. 
.. 
.. .. .. 
.. .. .. .. .. .. .. 

81 . . .  
1 4  . . .  
24 . . .  

8 ... 
7 . . .  

19 ... 
6 . . .  
3 . . .  

21 ... 
3 ... 

20 ... 
19 ... 
18 1 9 .  

"_ 

"_ 

3 .... 
26 .... 

538 .... 
450 .... 
264 . . . .  
55 .... 
46 .... 
1 4  .. ,. 
52 . . .  
64 .... 
16 . . . .  

180 . . . .  
93 .... 

115 .... 
18 .... 
16 .... 
63 .... 
12 .... 
63 .... 
36 .... 

C?nk Colon Bacilli 

4 5 
v.e 
,"E:,' :: 0 

Per cc 0 

Fermentation Test 

3 7 ° C  4 gt 
a a  z -- ~ 

bam.O, 48 Hours Incubation 

Count 2 /< 1: 1 -  ," I,; j v  ,: 1:: ,s I z  I O  I:: 
""I I 1 -  

16 .... .. .. 
43 .... .. 0' .  . . .  
3 .... 0 0 . .  0 .... 

10 .... 0 0 . .  0 .... 
7 .... 0 0 . .  0 . . . .  
6 .... 0 0 . . +  .... 
1 . . . .  0 0 . . +  . . . .  

19 .... o o . . +  . . . .  
8 .... 0 0 . . +  . . . .  

26 .... 0 0 . . +  .... 
. o + . . +  .... 
. o o . . +  . . . .  . o o . . +  . . . .  
. o o . . +  .... 
. o o . . +  . . . .  . 0 0 . . +  . . . .  . O O . . ~ t  .... 
. 0 0 . . -1- . , . . 
. 0 + - . . +  .... 
. 0 0 . . +  . . . .  
. 0 t.. +. . . .  
. o o . . +  .... 
E. C. pe r 1 00 cc 

' 

.. 

. o o . . + -  .... 
0 0 .. 0 .... 
0 + .. + .... 
-t + .. + . . . .  
+ + .. + .... 
0 + .. + .... 
0 + .. + . . . .  
0 + .. + . . . .  . o o . . +  . . . .  . 0 0 .. 4- .... 

. 0 + .. + .... 

. o o . . +  .... 
0 + .. + .... 
0 0 .. + .... 
0 0 .. + .... 
0 0 .. + . . . .  
0 0 .. 0 .... 
0 + .. + .... 
0 + .. + .... 

___ 

i * 
DATE i 

." 
u ." - 1 1913 

_._ 
a 

J u l y   5 . .  2: 
- 

..... .. 6 .  . . . . . .  
" 7  . . . . . . .  

I 

. Averages.. ...... 
May 2 8 . .  . . . . .  22 

" 2 6 . .  . . . . .  .. 2 7 . .  . . . . .  
" 2 5 . .  . . . . .  
" 2 3 . .  . . . . .  
" 31 ....... 

June 2 . .  . . . . .  .. 3 .  . . . . . .  .. 4 . .  . . . . .  
' I  6 .  ...... 
" 6.. . . . . .  
" 7 . .  ..... .. 9 .  . . . . . .  
" 1 0 . .  . . . . .  .. 1 9 . .  . . . . .  .. 2 0 . .  . . . . .  
" 5  ....... .. 25..  . . . . .  
" 26. .  ..... 

2 8 . .  ..... .. 2 9 . .  ..... 
July 4 . .  ..... .. 6 . .  ..... .. 6 . .  . . . . .  

" 7 . .  . . . . .  

Avertpes.. .. ... 
June   18 . .  228 
-" - 

..... 
" 1 9 . .  ..... 
" 2 0 . .  ..... 
" 2 1 . .  ..... 
" 2 3 . .  ..... 
" 5 . .  ..... 
" 2 5 . .  ..... 
" 2 6 . .  ..... 
" 2 8 . ,  ..... 
" 2 8 . ,  ..... 

Ju ly  4 . .  ..... 
" 6.. ..... 
" 6. ...... 
" 7. .  ..... 

Averrger.. ...... 

d 
By iw 
~ ~ . p  
CN* g 

5 S Z %  -" 
Coun 

Per Cl - 
.. 
.. 
.. 
" 

" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. .. 
a .  

.. .. .. .. .. 

.. 

.. .. 
_I 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

$ G -  Fermentation Test 

, + h -  3700 
2 

gm,g 48 Hours Incubation 
E g B  

Per CC 
""""I_ 

41  .... o + . . +  .... 
1 4  .... o + . . +  .... 
21 .... 0 -+ .. + .... 
""""" 

95 13 8 .  E. C. pe r l  0O;cc 

600 .... + + .. i .... 
2500 .... I- 4 .. i .... 
2290 .... t i .. + .... 
1900 .... + i .. + 
2560 .... -1 -1 .. + ..I . .  * . I . '  
1500 .... i- t .. + .... 
EO0 0 0 + . . . . . . . . . .  
1550 0 + + ........... 
4100 0 + i 

4870 0 + -+ . . . . . . . .  . . . . . .  *+I:: 
3510 0 + + .......... 

11550 + + 3 . . . . . . . . . .  
4450 0 i- + .......... 
1850 0 + 4 . . . . . . . . . .  
3600 + + + ...... 
3100 0 + + 
9600 + + + . . . . . . . . . .  
2910 0 + + . . . . . . . . . .  
-7200 0 + +- . . . . . . . . . .  
6200 0 + 4- . . . . . . . . . .  
1800 0 0 + . . . . . . . . . .  
.I60 171 25 8. C.  pe r l  00 cc  

21 .... 0 0 . . +  .... 
23 .... 0 0 . .  0 .... 
16 .... 0 4- .. + .... 
1 4  .... O O . . +  .... 
20 .... + . .  0 0 . .  0 
19 .... 0 0 .. i- .... 
84 .... 0 0 . . +  .... 
32 .... O U . . +  . . . .  
41 . . . .  O O . . +  .... 
72 .... O O . . f  . . .. 
46 .... o o . . +  . . . .  
43 .... o + . . +  .... 
57 .... 0 + .. i- .... 
20 .... o o . . +  .... 
36 2 7. E. C. pe r l  00 cc 

---""" 
575 . *  * .  + + .. +I../.. 

. . . . . . . . . .  
2900 0 + -1 

40co + +- + . . . . . . . . . .  

* *  + . . . . . . . . . .  

4000 o + + . . . . . . . . . .  

--- 
""""_ 

"-"""_ 
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Field Laboratory  Reports.  Laboratory at Detroit, Mich. Waters of- the Detroit River. 

~~ " ~ ~ _ _ _ _ _ .  ~ __ 
Bad 

~ Colon Bacilli 
Fermentation Test 

b8 Hours  Incubation 

I I -  Counts 

L C ,  1 z m . 2  
a *F;z 
!",a, a 
io.Q;? 
;mFueuu 
Count 

P e r  CC - 
68 

130 
20 
33 

136 
111 
39 
39 

114 

76 

$ 
c .- 

DATE B 
M .- 
I 

1913 
a 
8 

1 6.- :p 6 m $  

;e;..s< 
1"-..r * f m e  

Count 
Per CC 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. .. 

.. 

.. 

.. 

.. 

. .  

.. 

.. 

.. .. .. 

.. .. 

.. 

3 7 o c  DATE 

1913 
"" 

June  7 . .  .... 
u. 9, . . . . . .  
" 10. .  . . . . .  
" 18.. . . . .  
" 19. .  . . . . .  
" 20.. . . . . .  

21 ...... 
" 23 . . . . . .  
'( 2 4 . .  . . . . .  
" 2 5 . .  . . . . .  

July 4 . .  . . . .  
" 5 . . . . . .  
" 6 . .  . . . . .  (' 7 .  . . . . .  

Averages.. ..... 
"e 

May 23.. ..... 
26 ....... 

(( 27 ....... 
. " 28.. ..... 

" 2 9 . .  ..... 
" 31.. . . . . .  
" 3 .  . . . . . .  
" 4  . . . . . . .  
" 5 . .  ..... 
'( 6 .  . . . . . .  
61 7 . .  . . . . .  
" 9. .  . . . . .  
" 10.. ..... 
" 18.. ..... 
" 1 9 . .  . . . .  

20 ...... 
" 21.. , . , . 
'' 2 3 . .  .... 
'' 24 ...... 
" 2 5 . .  .... 
" 2 6 . .  . . . .  
" 28 ...... 
" 2 9 . .  .... 

July 4 . .  .... 
'' Ei...... 
" 6...... 

7 .  ..... 

June 2 . .  .... 

Averages. ...... 

" 

4 m L O  _" 
t . . . .  
t- .... 
t .... 
t .... 
t .... 
t .... 
t .... 
0 . .  .. 
i -  . . . .  
i- .... 
t .... 
t .... 
t .... 
1 00 cc 

t .., .. 

"- 

"" 

k .... 
0 .... 
k . . . .  
t- .... 
t .... 
t .... 
t .... 
t .... 
t .... 
t . . . .  
t .... 
t .... 
t . . . .  
0 .... 
t .... 
t .... 
+ .... 
+ .... 
0 .... 
+ .... 
+ .... 
+ .... 
+ .... 
+ .... 
-1- .... 
+ .... 
+ 
+ .... 
rl 00 cc 

i )  .... 
"- 

- 
> r 
- 

.. 

.. 
- 
:e - 

.. 

.. 

.. 

.. 

- 
I C  - 

I .  

,. 
, .  

,. 
. .  
.. 
* .  
.. 
- 
ce - 
.. .. 
.. 
.. .. 
.. 
.. 
.. .. .. .. 

"""_ 
* * -  0 + .. $- .. 
* *. 0 + .. + .. 
* + *  0 + .. + .. 

0 + .. + .. 
' ' o +  .. + .. 
' .  e .  0 0 .. f .. 

- *  0 0 .. +- .. 
.... 0 + .. 3- .. '. -. 0 0 .. + ., 

NJ 8 .  Co l i  pe r 1 01 

,. .. 

"""_ 
""_" 
.... o + . . y . ,  
. . . .  O + . . + . ,  

0 + .. + . ,  

0 0 . .  + ., 
0 + .. 4- .. 

. . .  O + . . + . .  

. . .  o + . . + . .  

. . .  o o . . - + . .  

. . .  o o . . + - . .  

'0 E. Co I i  pe r 1 00 

..I.. 

"""_ 
"""_ 
. . .  O + . . + . .  
. . . .  0 0 . . + . .  
. . . .  O + . . + . .  
. . . .  o + . . + . .  
. . . .  O f . . * . .  

* *  0 + .. + .. 
. . . .  O + . . + . .  
.... 0 0 . .  + .. .... o o . . + . .  
10 E. Co l i  p e  rl 01 

,. 

"""_ 
"""_ 
.... o o . . + . .  .... 0 0 . .  0 .  
.... 0 0 . .  + . ,  
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DATE 

1913 "- 
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Aug.  18.. . . . . .  
" 1 9 . .  . . . . .  
" 20..  . . . . .  
" 21. .  ..... 

22. .  ..... 
" 23. .  ..... 

25..  . . . . .  
" 26. .  ..... 
" 27.. ..... 

Averages.. ...... 
" 

Deep Samples 
Aug.   18. .  . . . . .  

" 19 . .  ..... 
" 20 . .  ..... 
" 21 . .  ..... 
'( 22. .  ..... 
" 23. .  . . . .  
'' 2 5 . .  . . . . .  
" 26 . .  . . . . .  
LA 27 . . . . . .  

Averages.. ..... 
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' I  20 . .  . . . . .  
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(' 22. . . . . .  , 
" 23. . . . . .  
" 25..  .... , 
" 2 6 . .  .... 
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" 26..  ..... 

27..  ..... 
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.. 
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June 3 . .  ..... 
'( 4 .  ...... 
" 5 . .  . . . . .  
" 6 .  ...... 
(' 7 . .  . . . . .  
" 9 . .  . . . . .  
" 10..  ..... 
" 18. .  . . . . .  
" 19. .  . . . . .  

20 ....... 
" 21. ...... 
'( 23..  .... 
" 24. .  ..... 
" 25..  ..... 
" 28.. ..... 
" 2 9 . . . . . . ,  
" 31.. .... , 

Ju ly  4. .  . . . .  
" 5 . .  ..... 
" 6 . .  . . . . .  
" 7 . .  ..... 
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" 19..  .... 
" 20..  .... 
" 21 ...... 
'( 23 ...... 
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" 18 . .  .... 
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" 2 6 . .  .... 
" 28. .  .... 
" 29..  .... 
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I 

........ 
'' 26 ....... I 

27. .  . . . .  . 1  
" 2 8 . .  . . . . .  
" 29. .  . . . . .  
" 31.. . . . . .  

June  2 . .  ..... 
" 3 . .  . . . . .  
" 4 .  . . . . . .  
" 5 .  . . . . . .  
'' 6 . .  . . . . .  
'& 7 . .  . . . . .  
" 9. .  . . . . .  
" 10. .  . . . . .  
" 18 ....... 
" 1 9 . .  ..... 
" 20. .  . . . . .  
" 2 1 . .  . . . . .  
'' 23. . .  . . . .  
" 24.. ..... 

July  3 . .  ..... 
" 5 . .  . . . . .  
(( 7..  . . . . .  
" 8 . .  . . . . .  
" 10. .  . . . . .  
" 11.. ..... 
" 1 2  ....... 
" 1 4 . .  . . . .  
'' 1 5 . .  . . . .  
" 1 G . .  . . . .  

Averages.. ..... 
"- 

Surface 
Aug.  18.. .... 

" 19.  ...... 
20. .  .... 

'* 2 1 . .  . . . .  
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" 2 5 . .  . . . .  
" 26 . . . . . .  

27 ...... 
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Deep  Sample 
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.... 0 + .. + .... o + . . + . .  
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.... o + . . +  .... 
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1 6 0   B . C . p e r l 0 0 c c  

.... + + . . +  .... 
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.... + -+ . .  + .... .. I )+-+. .  ...... 
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(' 23.. ..... 
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" 26. .  ..... 
'( 27.. ..... 
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May 23.. ..... I- 241 
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27.. ..... 

" 28.. . . . . .  
(' 29. . . .  . . .  
" 31. .  . . . . .  

June   2 . .  . . . . .  
" 3 . .  . . . . .  
" 4  . . . . . . .  
(' 5. .  . . . . .  
" 6  ....... 
(6 7.. . . . . .  
1' 9 . .  . . . . .  
" 1 0 . .  . . . . .  
" 18. .  . . . . .  
" 19. .  . . . . .  
" 20. . . . . . .  
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'6 7 . .  . . . . .  
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.. .. .. .. .. .. .. - 
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11 .... 0 0 .. + .... 
22 .... O f . . +  .... 
20 .... o + . . +  .... 

62 .... O O . . +  .... 

"""_" 
37 1 4  7. B. C. ye r l  00 cC 
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Counts 1 Colon Bacilli 

bo,.: 48 Hours Incubation 
$ $ G  Fermentation  Teat 

Count 0 
Per  cc 9 1 

37O0 DATE 

1913 

DATE 
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0 

2 - o o s g $  ? ; $ $ s z o ,  ""_" 
.. O + . . +  . . . .  .. 0 + .,I+!.. .. .. .... .. .... 
.. . . . .  .. .... .. . . . .  
.. .... .. 0 0 ' .  . -k .... .. o + . . +  .... .. o o . . +  .... .. + + . .  + . .  .. .. o + . . +  .... .. o o . . +  .... 
o +  +.. ...... 
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o +  + . . . . . . . .  
0 o +  ........ 
0 o +  ........ 
o +  +.. ...... 
O f  +.. . . . . . .  
0 o +  ........ 
0 o +  . . . . . . . .  

0 0 + .. . . i . .  .. 

o +  + . . I  ..,.. .. 
0 + + . . j . . l . .  .. 

,. 0 0 .. +I.. .. 
. O + . . + I . .  .. . 0 + . . I + ' . .  .. 
"""_ 
i. B. C. pe r l  00 cc  

I """_ 
8 1  

I I I  

t +  + 
t +  .......... 
t +  .......... 
Of.. ........ 
t +  .......... 
+ +  .......... 
!-+ .......... 
I-+ .......... 

-I- -i 
May 26 . . . . . .  

'< 27 ...... 
" 28 . .  . . . .  
" 29..  . . . .  
" 31  ...... 

June 2 . .  . . . .  
" 3 . . . . . .  

4 . . . . . .  
" 5 . . . . . .  
" 6 . . . . . .  
ld 7 . . . . . .  

s . . . . . .  
10 . . . . . .  
18  . . . . . .  

" 1 9 . .  . . . .  
L( 20 . . . . . .  
" 21. .  . . . .  

22 . . . . . .  
24 . . . . . .  

July 3 . .  . . . .  
" 5 . . . . . .  
" 7. . . . . .  
" s . . . . . .  

10 . . . . . .  
" 11.. . . . .  
" 1 2 . .  . . . .  
" 1 4 . .  . . . .  
" 1 6 . .  . . . .  
" 1 6 . .  . . . .  

Averages.. ..... 

July 10 . .  . . . .  .. 11.. . . . . .  .. 12 . .  . . . . .  .. 1 4 . .  . . . . .  .. 15.. ..... .. 1 6 . .  ..... 
" 17. . . . . . .  
" 1 8 . .  . . . . .  
" 1 9 . .  . . . . .  

2 8 . .  ..... 
29..  ..... 

'' 3 0 . .  ..... 
" 31..  ..... 

21 
147 
50 
21 
37 
12 
13 
91 
81 
66 
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98 

114 
41 
55 
87 
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28 
43 
43 
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86 
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56 
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52 
60 
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- 
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*. .. .. .. 
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0 
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.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

. . .  

. . . .  
.. 

Averages.. ...... 

"" 

June 18. ...... .. 19. .  ..... 
" 20..  ..... .. 21.. ..... 
" 23.. ..... .. 24..  ..... 

July 3 . .  ..... 
7 . .  ..... 

" 9 . .  . . . . .  
" 10.. ..... 
" 11.. ..... 
" 12. .  ..... 
" 14 . .  ..... .. 15. ...... 
" 16.  ...... 
" 17.. ..... 
" 18..  ..... 
" 19.. ..... 
" 28.. ..... 
" 29.. ..... 

30 ....... 
" 31.. ..... 

Averages.. ...... 

.. .. .. 
*. 
.. 
.. .. .. ,. .. 
.. 
.. .. .. 
.. .. .. .. .. .. .. .. - 

6360 
18000 
37000 
8400 
9800 
4900 
3300 
37000 
42000 
4300 

12700 
5900 

56000 
7400 

42400 
40200 
44000 
6200 

40400 
19000 
9600 

-I. 

-I. - 

.. .. 

.. .. .. 

.. .. 
1. .. 

I 

June18 ...... 
" 1 9 . .  .... 
" 20.. . . . .  
" 21. .  .... 
" 23. .  ..... 
" 24 . .  . . . . .  

July 3 . .  .... 
'( 7 .  ...... 
" 8.. ..... 

- 
21 766 
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DATE 

1913 
0 0 0  

g 4 0 3 -  $1: 
"_ 
...... 
...... 
'. * * I . *  .. ..I.. . . . I . .  
. ..I.. 

20200 
20000 I 2400 

July 18.. . . . . .  
" 19.. . . . . .  
'' 28.. . . . . .  
'* 29.. . . . . .  
" 30.. . . . . .  
" 31.. . . . . .  

June 18.. .... . I  2451 

" 20 . . . . . . .  
i' 23.. . . . . .  , ' 
" 24.. . . . . .  1 ~ 

July 3.. . . . .  . I  ~ 

" 19.. . . . .  . I  
" 31. .  . .  . . : I  

7 ....... ~ 

y 9 . . . . . . .  I i 
" 11.. . . . . .  ! i  " 10.. . . . . .  i 

8 ,  
8 ,  " 12.. 

" 14.. . . . . .  i l  
'' 15.. . . . . .  i 
" 16.. . . . .  . i  
" 17.. . . . . .  

..... 

" 18.. . . . . . I  
19.. . . . . .  

" 28.. ..... ~ 

~ " 29.. 
" 30.. ..... 
" 31.. ..... i 

. . ... 

~ 

Averages.. ...... 

"" 

June 18.. ..... 24 
" 19.. . . . . .  
" 20.. ..... 

21.. ..... 
" 23.. ..... 
'' 24,. ..... 

July 3.. ..... 
" " 1 ....... 
" 9.  
" 10.. . . . . .  
* 11.. ..... 
" 12.. . . . . .  
I' 14.. . . . . .  
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I . . . . . .  

.. 

.. 

.. 
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24600 + + I + ; . .  . . . . . . . .  
3600 0 + I + , . .  . . . . . . . .  

. . . . . . . .  
. . . . . .  

Averages. ....... 
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I 
-1- 

" 

I 

247 2920 
4900 

13000 
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2700 
9000 
1340 
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'' 16.. . . . . .  
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" 17.. . . . . .  
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DATE 

1913 "_ 
June 18. .  ..... 21 .. 1 9 . .  ..... 

" 20. .  ..... 
" 21. .  ..... 
" 23.. I 

" 24. .  . . . . .  I 
July 7 . .  . . . .  

" 8 . .  . . . . .  
" 10. .  . . . . .  
" 11.. . . . . .  
" 12. .  
" 1 4 . .  ..... I 
" 15. .  ..... 
" 16. .  . . . . .  
" 1 7 . .  . . . . .  
" 18 ....... I 
" 19. .  I 

" 22. .  . . . . .  I 
" 24. .  . . . . .  i 
" 25 . . . . . . .  
" 26. .  . . . . .  
" 28. .  ..... , I 
" 29.. ..... I 
'I 30. .  I 

" 31. .  ..... ~ 

I ..... ' 
I . . . . .  

1 . . . . .  
" 21.. ..... I 
" 23. .  . . . . .  I 

I 

I ..... 

Averages.. ...... 
""_ 

June 18. .  ..... 24 
" 19 . .  ..... 
L( 23. .  ..... 
" 24.. ..... 

July 7 . .  . . . . .  
" 8.. . . . . .  
" 10. .  . . . . .  .. 11.. . . . . .  .. 1 2 . .  ..... 
" 14 ....... 
" 16. .  ..... 
" 16..  ..... 
" 17. .  ..... 
" 18.. ..... 

Bacterial Count 

" 

. . 2870 .. 4090 

. . 5500 .. 1950 

.. 
*. I 365:: .. .. 1 i;Ji 
.. 
. . i 1500 

' . . ~ 1680 
. . 800 
. . 1200 
. . 1640 
. . 2400 . . 7500 
.. ~ 5400 

I 
. . I 1700 .. 1 2260 
.. I 560 
.. I ;;w; 
.. I 1;;:; 

. # 1 10200 

.. I 

.. 

. . ~ 16300 . . ' 12000 

I 4276 

9 

"- 
1 

.. I 440 

.. I 580 . . 'I 321 

.. 1 381 

.. ~ 260 

.. ' 50 

.. I 1400 . . ~ 270 
180 :: ! 80 

.. 20 

.. 36 
120 1: 1 1230 

- 

Fermentation Teat 
Colon Bacilli 

48 Hours  Incubation 
37"O 

"""" 

.... O + . . +  .... 
o +  + .......... 
0 O f  ........... 
.. 0 o + *  . . . . . . .  
.... + + . .  + . . . .  .. 0 o +  ........ .. + + +  . . . . . . . .  .. O + + . .  ...... 
.. 0 0 + .... 
0 + + . . . . . .  
0 0 + .. . . . .  
0 " + ...... 
0 0 + ...... 
.. 0 0 + .... 
0 + + . . . . . .  
0 0 f .. . . . .  
0 0 + . . . . . .  
0 0 + ...... 
0 0 o + . .  .. 
. 0 0 + . . . .  
0 0 + ...... 
0 + + ...... 
0 + + . . . . . .  
0 0 + ...... 
0 0 -t ...... 
0 0 4- . . . . . .  
I4 33 B. C. pe r l  

.. + + + .... ..I.. 

""" 

... o + .. t . . .  0 + .. + 
* .. 0 + .. + 
. o o +  . . . . .  
.'.. 0 + .. + , 

. 0 o +  . . . . .  

. 0 + + . . . . .  

. . .  0 + .. + .  

. . .  0 + .. + .  

. 0 0 + . . . . .  

. 0 0 i- . . . . .  
1 + -t + . . . . .  
; ; 1 :: ::y : 

30. ..... . I  
..I.. 
.... 
.... 
. . . .  
.... 
.... 
.... 
.... .... 
.... .... 
.... .... 
.... 
.... 
.... 
.... 
" 

00 cc 

" 

" 31. .  ..... 
Averapes.. ..... 

- 

June 18. . . . . . .  .. 19 ....... .. 20. .  ..... 
" 21.. ..... 
" 23.. ..... .. 24.. ..... 

July 7 . .  . . . .  
" 8  ....... 
" 10. .  . . . . .  
" 11.. ..... 
" 12. .  ..... .. 1 4 . .  . . . . .  
" 1 5 . .  . . . . .  

" 

1 

250 

1 

. . . . 

.... .... .... .... 
I .  *. 
. . .  
... ... 
. . .  
. . .  
. . .  
. . .  
. . .  , '  

i 

" 16.. . . . . .  
" 17. .  I 
" 18..  ...... 
" 21. .  ..... 
" 22.. . . . . .  
" 23.. ..... 
" 24. .  I 

I 

" 25 . . . . . .  
" 26 ...... . '  
" 28.. . . . . . .  
" 29.. . . . . .  ~ 

" 30 . . . . . . .~  
(L 31.. . . . . .  

AverrOcs. ...... , I  
i 

I . . . . .  
" 19.. . .#. . 

. . . . .  

, i 

.. 

.. 

.. 

.. .. 

.. .. .. 

.. .. 

" 

.. 

.. 

.. 

.. 

.. 
4 .  

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 
:+  .. 

I I " 
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. ,  
Bacterial Counts Colon Bacilli 

DATE 

""""" ""- 
~~l~ 1 7 . .  ..... 252 .. 14800 0 + + .... .., .... .. . . . . . . . . . .  " 18.. ..... 2500 0 + + 

" 19.. ..... .. 8700 0 0 + . . . . . . . . . .  

" 23.;. .... .. 18000 O +  -+ .. . . ; . . ) . . I . .  

.. .. " 21.. 1 1300 0 f + ..I..I..,.. 

" 24.. ..... 19200 0 + + ..I.. .. 25.. ..... .. 2500 0 f + .... ..;..I.. 
" 29.. ..... .. 2160 0 0 -t .... ..!..I.. 

&' 22.. ..... .. 5700 0 f + .. . . ' . . I . .  .. . . . . .  I 

.. . . . . . .  

" 26.. ..... .. 13400 0 + + .... ..I.. .. .. 28.. ..... 20400 0 + + . . I . . ( . .  

.. ...... " 30.. ..... 1000 0 + + ..I.. .. . . . . . . . . . .  
" """" 

AVCr8pCS.. ...... 5874 72 80 B. C. pe r 1 00 CC 

.. .... 

31.. 1800 0 + + 1 ..... 

~ "."_""" 

June 23.. ..... 253 .. 1720 .... + .. + .... 
July 3 . .  ..... .. 3800 0 0 + . . . . . . . . . .  

u 7  . . . . . . .  .. 1900 0 + + .......... 

11.. ..... .. 1400 0 0 + .... ..I.. .. 
" 12.. ..... .. 6500 0 0 + .... ..". .. .. 14.. ..... .. 600 0 0 -b . . . . . . . . . .  
" 16.. ..... .. 1100 .. 0 0 
'( 17.. ..... .. 6400 0 t $- . . . . . . . . . .  
" 18. ....... .. 3200 0 0 . . . . . . . . . .  

" 8 . .  ..... .. 2770 0 + + .......... 
10.. .. ..... 4600 0 + + .... . . I . *  .. .. 

" 15.. .. 5900 0 + + . . . . . . . .  .., . . . . .  
+ I . .  . . . ... 

.. 19.. ..... .. 6400 0 0 + ........ .-I .. 21.. ..... : . .  4200 0 0 -1- . . ...... * -  

" 24.. . . . . .  j .. 3600 0 f + .. .: . . . . . .  

" 28.. ..... i .. .......... 
i 1010 0 0 + 

" 22.. . . . . .  i .. 3800 0 -t f . . . . . . . . .  - ,  
" 23.. . . . . .  , .. 3400 0 0 + . . . . . . . . .  - 
" 2 5 . .  ..... , .. 3100 0 + + . . . . . . . . .  - 
" 26.. ..... I .. 6200 0 0 + . . . . . . . . .  - 

920 0 0 + 
" 29.. ..... 1 . . . . . . . . . .  .. 9200 0 + -t 
" 3 0 . .  ..... .. . . . . . . . . . .  

31.. ..... .. 900 0 0 + .......... 
""""" - 

AVer8peS.. ...... 3505 44  82 B. C. pe r l  BO cc 
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.~ ' I  I I 

e .- 
DATE ' 

M 
.d 
c a 

1913 4 
"_" - 
May  3.. . . . . .  25i 

(' 7 . .  ..... 
'' 8.. ..... 
" 10. .  .... . I  

" 11.. ~ 

'' 14. .  . . . . .  ~ 

15. .  . . . . .  1 
'' 16 ...... . '  
'' 1 7 . .  . . . . .  ~ 

I 
" 12. .  . . , . . I  

. . . .. 

" 18. .  . . . .  . :  
" 19 . . . . . . . I  

" 21 . .  . . . . .  ' 
'( 2 2 . .  , . . . . I  

" 2 3 . .  . . . . .  I 
d d  2 4 . .  . . . . .  I 
'' 25.. . . . . .  1 

" 26. .  . . . . .  I 
*' 28 ....... 
" 29. .  . . . . .  ~ 

'' 30. .  . . . . .  , 
" 31.. ..... ' 

Averaues.. ...... , 

.. .. 

.. 

.. 

.. 

.. 

.. .. 

.. .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
" 

.. 

IV;'ay 3.  ..... .I 258 

I 
'& 7 . .  . . . . .  
" 8 . .  . . . . .  , 
" 10. .  . . . . .  
" 11.. . . . . .  ~ 

" 12. .  ..... I 
" 14 ....... 
" 15. .  ..... 
" 16. .  . . . . .  
'( 17. .  ..... 
" 18. .  ..... 
'I 19. .  ..... 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. 

.. 

.. 

'0% Colon Bacilli 
r' Fermentstion  Test 

37'0 

- - - - - - - - - 
59 .... 4- + .. + .... 
59 .. 0 o +  ........ 

120 .. 0 + + ........ 
80 .... 0 + . . +  .... 125 .... O . +  .. .... 
GO .... 0 0 .. -t .... 

150 .. 0 0 4- ........ 
141 .... + + .. i .... 

70 .... O + . . +  .... 
350 .... i- .. + .... 
270 .... 0 + .. .... 

70 .... + + . .  + .... 
150 .... 0 + .. + .... 
170 .... 0 i- .... 
250 .. 0 0 'r . . . . . . . .  
160 .. 0 0 + . . . . . . . .  
140 .. + -t i ........ 
64 .. 0. + i- ........ 

.. 0 0 -t ........ 

112 .... + + .. + .... 
120 .... 0 + .. .. 

+,.. 
110 . . . .  + + .. + .... 

799 
780 
840 

2400 
450 

2300 
800 
680 

2400 
1100 
4400 
2700 
1700 

DATE 

1913 

May 22.. .... 
'L 23.. .... 

24.. .... .. 25...  ... 
" 26 ...... 
" 28 ...... 
" 29.. .... , .. 30.. .... 
" 31.. .... 

Averages.. ..... 

"- 

May 3 . .  .... .. 7 . . . . . .  
(' 8.  ..... 
6' 10 ...... 
" 11.. .... 
6' 1 2 . .  .... 
(' 14.. .... 
" 15. .  .... .. 16 ...... 
'' 17.. . . . .  

" 

. ,  

* I  I 

" 

" 18.. ..... i 
4' 19.. . . . .  
" 21. .  . . . . .  I 
" 22.. . . . .  . I  
" 23.. ..... ~ 

" 24.. ... 1 

'' 25.. 
" 26.. . . . . .  1 
" 28.. . . . . .  ~ 

" 29.. . . . . .  i 
" 31. .  . . . . .  1 

" i  ..... 

6' 30.. . . . .  . i  

Averages.. .... 

BaCteri - 
* m.2 
J d  

Count 
per CO - 

.. 

.. 

.. 

.. .. .. .. 

.. 
" 

.. 

.. 

- 

.. 

.. 

.. 

.. 

., 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
,. 
" 

Counts Colon Bacilli 
r' Fermentation  Test 
am.$ 48 Hours Incubation 
4 $3 87'0 

1300 0 + + .... 
3900 0 0 -F .... 
2700 0 -I- i 
1400 0 -I- + .... 
2300 0 i- i . . . . .  . I . .  1.. 

2600 0 0 + .. . . . . . .  , .. 
430 0 + + ..,.. .. ..I.. 
490 0 f + 

100 0 0 + .......... 
1662 I2 74 0 .  B. C.  p e  r 
""""" 

1 00 cu 

37 1 
145 
450 
790 
225 
540 
GOO 
960 
520 

1120 
8GOO 
2800 
2420 
240 
400 
270 
389 
269 
610 
515 

G O  
440 

1032 
" 



May 1.. ..... 26 .. 7 . .  ..... 
" 8  ....... 

10.. ..... 
11.. ..... .. 13.. ..... 

" 1 4 . .  ..... 
" 15.. ..... 
" 16.. ..... 

17.. ..... 
64 18.. ..... 

19.. ..... 
.4 2 1 . .  . . . . .  
*' 22.. ..... 
" 23.. ..... 

2 4 . .  ..... 
" 26.. ..... 
" 26.. ..... .. 28.. ..... 
" 29.. ..... 
'' 30.. ..... 

31 ....... 
Averrpes.. ...... 

I .. .. 
.. 
.. .. .. 
.. 
.. .. 
.. 
.. 
.. 
.. .. .. .. 
.. .. 
.. 
.. .. 
.. 
" 

.. 
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Field Laboratory  Reporto.  Laboratory at  Detroit, Mi&. Waters of the Detroit River. 

DATE 

1913 

May  3.. ..... 
y 7  ....... .. 8. . . . . . .  .. 10 ....... .. 11.. ..... .. 1 2 . ,  . . . . .  .. 1 4 . .  ..... .. 15. .  . . . . .  .. 1 6 . .  ..... .. 1 7 . .  . . . . .  .. 1 8 . .  . . . . .  .. 1 9 . .  ..... .. 21.. . . . . .  .. 22. . . . . . .  .. 23. .  . . . . .  .. 24. .  . . . .  .. 25.. . . . .  .. 26. .  .... .. 28 . . . . . . .  .. 29. . . . . . .  .. 30. .  .... 

31 ...... 
Averages.. ..... 

May  21.. .... .. 22 ...... 
23 ...... 

'' 24 . . . . . .  .. 2 5 . .  . . .  .. 26. .  .... 
*' 28 ...... 
" 29 ...... 
" 30.. .... 
" 31.. .... 

Averages. ...... 

BPoterj, 

2ount 
Per CO - 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. .. 

.. 

.. .. 

.. .. 

.. .. - 

.. 

- 

.. 

.. 

.. 

.. 

.. .. 

.. .. 

.. .. - 

.. 

263 .... 
0 172 .... 
+ 160 .... 
+ 

66 .... 0 
80 ., .. a 
40 .... 0 

210 .... -+ 
45 .... f 
96 .... + 

100 0 + + 
90 o o +  
82 O O +  

110 0 0 ( 
226 . . 0 ( 

1100 0 + -t 
86 O + +  

102 .. 0 ( 

, 6 7  .. 0 ( 
111 .. -t -t 
143 .. 0 t 

80 .. 0 

155 2 2 2 3 6  
"" 

"" 

1100 

+ 24800 0 
4 + 65000 0 

.... 35000 
-I .... 28000 
t .... 

- 
27000 

+ 
+ - 

24000 0 + - 

27240 + 
0 + 3600 

- + 
- 0 + 2400 
- 

---I 23804 24 40 0 

:onntr Colon Bacilli .___ 

i a  
ga.z 

Fermentation  Test 
48 Hours Incubation 

3700 4 2; 
0 EI O D  
0 .;-c ?, . 
count 0 2 :: :: 
p e r  cc 9 9 r! r( 

+ - * a  0 m b s r  0 0 
" 

" "_ 
32 

t 
0 + .... 

t 
'i 
1 - 1  

I 1  
l i  

-1 
-1 
i 

I 

V 

In _- 
.. 
.. .. 
.. 

D .. 
.. 
.. 
.. 
.. .. . ., . . .  . . .  

I-. 
t - .  
. .  
t .  
+ .  
+ .  
+ .  
+ .  
:. p1 

. .  

" 

" 

1 .  
+- . 
+ .  
,.  . 

_I 

3 0 0  

4 "  
:s :o" 
"" 

t 
t : : i : :  
+ ..!.. 
f ..I . .  f ..).. 

+!..!.. 
1 :  . . . . . .  .. , I  

.. /::/:: 

. . I * *  * -  .. ../.. 
:: ::i:: 
. . .... 
...... ...... 
...... 
...... "- 
r l  00 cc 

"- 

+ .... 
-t 
-i- . . ..(.. 
.. . . I : :  
. . . . . .  
...... 
...... 

I 

+I 

- 

ii 
DATE 

1913 - 
May 21 ....... 

22. .  ..... 
" 23. .  . . . . .  
" 24. .  ..... 

25.. ..... 
26. .  ..... 

" -28. .  ..... 
29 ....... 

" 3 0 . .  ..... 
" 31.. ..... 

Averages. ....... 

"- 

May  21.. ..... 
22. ...... 

" 23. .  . . . . .  
" 24. .  ..... 
'' 26. .  ..... 
" 26. .  ..... 
* 28. .  . . . . .  

29 ....... 
" 3 0 . .  ..... 
" 31. .  . . . . .  

.I4 

Averages. ....... 

May  21.. ..... 
(' 22.. ..... .. 23. .  ..... 
" 24. .  . . . . .  .. 25. .  . . . . .  
" 26. .  ..... 
" 28. .  . . . . .  
" 29. .  . . . .  
" 30. .  . . . . .  

31 ...... 
Averages.. ..... 

1 

E 

2Z.f 
Lp4 2: d.!??i 

i f  

N 

:aunt 
Per cc - 

.. .. .. .. .. .. .. .. 

.. 
- .. 

.. 
- 

.. .. .. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. .. 
c_ 

.. 

: x : :  
3 m o  
, N O  -" 
f .... 
t .... 
f .... 
. . . . .  
. . . . . .  

~ . . . . . .  
. : . . I . .  
. . ..I.. 
. . . . . .  
...... 
IC r 
1 00 cc 

"" 

+ .... 
+ .... 
+ .... + .. *. 
...... 
...... 
...... 
...... 
...... 
...... 
"" 

Pe r 
1 00 cc 

"" 

+ .... 
+ .... 
+'.. .. 
. . . . . .  
...... 
...... 
...... 
...... 
...... 
...... 
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Fermentation  Test 
Oolon Bacilli 

48 Houra Incubation 
37oc  

~ ~- 
Oolon Bacilll 

48 Hours Incubation 
Fermentation Test 

3700 

l a  - Bacteri 

i2E%2 
Count 
Per CC 
" 

.. 

.. .. .. 
*. .. 
I. .. .. 
.. 

1 

Oaunta 

: 4 * *  
20 '0 +a z 
!kiz2e 
;p 22 

Count 
Per CC 
" 

1080 
680 

14000 
3400 
3890 
1800 
2400 
7200 
3750 
4000 

Batter 

N-4 iy cl s; 
> o  .-,a c 
!2c%: 
Count 
Per CC - 

.. 

.. .. 

.. .. .. 

.. 

.. 

.. 

.. 

e .- 
DATE ; 

M .- 
c 

1913 $ 
m 

DATE 

1913 

J 
1 0  

; : : o , o v v 0 8 Z  
??-! : :Z:g 
"""" 

... .  

........ . f f +  

........ o +  0 . ........ o + . .  0 
. . . . . . . . . .  O f  0 
.......... o +  0 

. . . .  -i- .. -t + . . . .  

.... O f . . +  . . . .  

.... + + . . + -  

. O + + . .  

.. 

.. 

V u v  
: , " . o v  v v v  
? 0 ; 2 : : f $  
" """ 

....  

. . . . . . . .  o +  0 .. .... + .. 4 i ..... 
+ . . + . . . .  I .... 

.... + . . +  1 

. 0 O f  ........ 
0 o +  

. + + +  . . . . . . . .  

. . .  + + . .  + .... ....... O f f .  . ........ O f  0 . .......... 

" """ 

6 30  B. C. pe r 1 00 cc 

- - _  ""_ 

. . .  i +..t- .... 

. . .  O f . . + -  . . . .  

. . .  + +.. i .... 

. o + +  ........ 

. 0 O f  ........ 

. 0 o +  . . . . . . . .  
. . . .  O t . 3  .... 
. . . .  O f . .  + . . . .  
. . . .  0 t . A  . . . .  
. . . .  0 0 .. . . . .  
16 1 E. C.  pe r l  00 cc 
" 

- - - " - - " - 

.. . .  I 1 . . +  
+ , 

. . . .  0 4-1. . '  ( . . . .  . . . .  

. . . .  o t .. + I . . ( . .  

.. 0 o +  . . . . . . . .  

.. 0 +- i ........ 

.. 0 o +  ........ .. 0 o + -  ........ 

.. 0 ! -1- ........ 

.. o +  ........ 

.. 0 0 - t  ........ 
1 6 0  B.  C .  p e r 1  OOcc 
"""" 

"_" - l- 
I 

May 21. ...... 261 
'( 22.. . . . . .  .. 23.. . . . . .  .. 2 4 . .  . . . . .  .. 25.. . . . . .  i .. 2 6 . .  . . . . .  .. 28. .  . . . . .  ~ .. 29.. . . . . .  ~ .. 30..  . . . . .  .. 31..  . . . . .  

I 

90 
110 
390 
380 
79 

580 
96 

390 
150 
660 

May 2 1 . .  ..... 27 .. 22.. ..... 
" 23.. ..... 
" 24.. ..... .. 26.. ..... 
" 26.. ..... 

. 30. 29**"./ . . . . . .  .. 31.. . . . . .  , 

.. 2 8 . .  . . . . .  I 
I 

1 

I 42'5 

Averages.. ...... Averages.. ..... .' 292 

" "" - 

26! 

" 

108 
100 
60 

160 
59 

102 
76 

105 
76 
70 

May  21.. . . . .  
" 22.. . . . . .  
" 23..  . . . .  

24..  . . . . .  
" 25. .  . . . . .  
'' 26 . .  . . . . .  
'. 28.. . . . . .  
'' 29..  . . . . .  
'' 30. . . . . . .  I 

" 31* . . . '  I Averages. ....... I 

210 
200 

2070 
2100 
1610 
400 

2100 
2461 
390 

May 21.. ..... ~ 27: .. 22..  . . . . .  
23..  . . . . .  

'' 24.. . . . . .  
" 25.. . . . . .  
" 2 6 . .  .... . I  
" 28.. 1 

29 ....... ' 
I 30 ....... ' 

31 . . . . . . .  ' 

I ..... I (. 
" 

.. .. 

.. .. 

..  .. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. .. 1240 
". " 

I 1538 
, 
I 91 

I 

May 2 1 . .  . . . . .  
" 22..  ..... 140 
" 23. .  . . . . .  . . 1 110 
" 24..  . . . . .  
" 35. .  ..... 
" 26.. . . . . .  220 
" 2 8 . .  . . . . .  
" 29..  . . . . .  
" 30..  .... 

31..  ..... "- .. 
Averages. ....... i 137 

May 21. .  ..... ~ 27 
(' 22.. . . . . .  
" 23.. . . . . .  

24. .  . . . . .  
" 25. .  . . . . .  
" 26. .  . . . . .  
" 28.. ..... 
" 29..  . . . . .  
" 30 ....... 
" 31.. ..... 

Averages.. ...... 

.. I 890 

.. I lbO0 

.. 100 

.. j 1480 

.. 1 159 
,. 760 

730 :: I 1140 .. 890 

.. 1 s20 

. . . .  

. . . .  . . . .  

.... .. 
O o + . .  .. 
o +  + 
0 o +  
.. 0 4  + 
.. O - t + . .  . . . . . .  
.. o + + . .  . . . . . .  . o + -  t... ...... 



INTERNATIONAL JOlNT COMMISSlON 195 - 
INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 

Field Laboratory Records.  Laboratory at  Windsor, Ont. Waters of the Detroit  River. Deep Water Samples. 

Bacterial Counts Colon Bacilli 
* Fermentation  Test 

DATE 37OC DATE 

1913 1913 
" 

* 
Oct. 11.. ..... oct .  11.. ..... + o .. ++ + + .... 240 1200 D-1-1 

" 13. .  . . . . .  0 0 .... 3 9 ...... + .. 
" 14.  + + .. o +  + .... 2 25 ...... " 14..  ..... 
" 14. t + .. + 0 + .... 0 25 ...... " 14..  . . . . .  
'' 13. + 0 

"" """ - 

I 

Averages.. ...... 1 1 314.7 1 61 .2  - "- 
Oct. l l . ,  ..... 90 480 D-1-20 

" 13..  ..... 
" 14. .  ..... 1 24 " 14 . .  ..... 18  21 

16 3 

...... 
.... 

+ + + . . + +  .... 
Oct. 11 ....... o + -  .. + +  + 

" 14.  ...... + + .. 0 0 + .... 
.. ...... + + .. -t + + .... 
" 13  ....... 

14.  

""" "" 

rtverages.. ...... 

+I+ 8 15 ....... .. .... .. 13. .  ..... Oct. 11.. ..... + -I- .. + 0 0 .... 11 290 D-1-30 ..... Oct. 11.. 

Averages.. ...... cc 00 r 1 pe c. E. 55 7 28 135 .2  

+ + + 13  .. 14 . .  ..... ...... 
i1 14 . .  ..... " 14 ....... O I -  O + . .  0 .... 3 6 

Averages. ....... 81 .5  7 2 65 8. c. Pe Averages.. ...... cc 00 r l  

""-" "" "" 

15 .. 14 .  + ..I+ 0 Oi+ .... 9 

""""" 

""""""" "_ 
Oct. 11.. ..... 

14.  
3 14.  ...... 8 14..  

...... 14 . .  ..... 65 ....... 33 
....... 34 B2-1 

" 13 . .  ..... 
6 3 + + " .. ..... 

I l ~ l ~ ! - l - l - ! - ! - ! - l - l "  I I  

Awrrges. . . . . .  
D-2-30 OA. 11.. 

Averages.. ...... cc 00 rl p e  C o l i  E. 2 18   20 .2  

O c t . 1 1  ....... 0 0  0 0 0 . .  .... 2  2 
-I_-- """""- "- 

..... .. 13 . .  . . . . .  
" 14..  ..... " 13  O + . . + f  0 18 7 ....... .... 

.. 14. 0 0 .. 0 0 0 .... 3 4 
" 14 .  0 + .. 0 0 0 .... 4 4 ...... .. 14..  .... . ]  ...... 

I 
" 

I l vmges . .  ...... 6 4 
"" 

Oct. 11.. ..... 

0 4 
2 3 
6 75 
3 1 D-2-40 

Averages.. ...... 20 .7  2 

" 13. .  ..... .. 14.  ...... .. 14. .  ..... 
" 

"- "- 
OCt. 11. ...... D-3-1 . . . . .  4 

5 
" 14..  1 

14... .... 2 

Averages.. ...... 17 3 

13.. 
..... 

"""" 

5 Averages.. ..... cc 08 r 1 pe Co li E. 
"" "" i 
.... .... 

O c t . 1 1  ...... 0 0  0 0 0 . .  

" 14 ...... O O O . . O O  .... 
" 14 ...... 0 0 0 . .  0 0 .... 
" 13  ...... o +  O f . .  0 

"""" 

1 Averages.. ..... cc 00 r 1 p e  ii co E. 
"""" 

.... 
" 14. 0 + .. 0 0 0 .... 

1 3  0 0 .. 0 0 0 .... 
O c t . 1 1 . . . .  .. 0 0  0 0 0 . .  

:.. ...... .. 0 0 

Averages.. ..... cc 00 r l  pe li Co E. ,1 .  

14 + 0 0. .  

...... 
...... 

"""" 

1 

Symbols  read-DaDeep  eample: -l=Ssmpling point  number: -1.-20.-30=Depth 1 

" 

. I  

iror 

1 Bacterial Counts 

-I-I" 

Colon Bacilli 

48 Hours Incubation 
Fermentation Test 

3 7 o a  

10.5 9 .  
" " 

1-8-42 
1 4 
5 4 

2 .  OOcc p e r l  C o l i  E. 
"" ""_ 
.... 

OOcc rl pe C o l i  B .  1 .  4 6 .  

0 0 .. 0 0 0 .... g 2 
+ + .. 0 0 0 .... 1 15 
+ 0 .. 0 0 0 .... 0 0 .. 0 0 0 

"."_ ""- 
- ""_ 
D-4-1 + 0. .  0 0 .... 16 3 

11 

0 0 0 . .  0 0 .... 5 12 
0 0 0 . .  0 0 .... 5 10 
+ 0 0. .  0 0 .... 5 

9 7 .  1 .  E. cc 00 r l  pe  C o l i  
""_ ""- 

-_ ""_ "_" 
1-4-2B 

+ + 0. .  0 0 .... 3 5 
+ + .. 0 0 0 .... 3 2s 
+ + .. 0 0 0 .... 3 2 

"_I"_ "" 

4 0 0 .. 0 0 0 ../ .. 1 

9. 0 0 c c  p e r 1  co l i  3 . ' ~ .  2 .  
"~ ""- ""_ 
D-4-36 

6 
+ 0. .  0 0 .... 30 5 

0 0 .. 0 0 0 .... 4 1 

+ +  0. .  0 0 .... 11 5 
0 + .. 0 0 0 .... 1 

2 E. C o l i  p e r l  OOcc 
___ - - -" - - " 

_"""" 
.... 0 0 0.. 0 0 .... 0 0 0 . .  0 + 

7 .... 0 0 0 .. + 0 
1 * *  .. 0 0 0 .. 0 + 

7 .  7 1 . B . C o l i  p e r l 0 0 c c  "-1 """"_ 
D-5-20 0 0 .... 0 0 0. .  0 0 

4 3 .... 0 0 0 . .  o +  
8 8 .... 0 0 0.. 0 0 
3 1 .... 0 0 0 . .  o +  
3 .  3 .   1 .  B. C o l i  p e r l  OOCC 

"""_ "- 

n eurfare at which  sampler  were'collected. 



DATE 

1913 

Oct. 11.. .... 
13 ...... 
14 ...... 

' 14. ..... 
Areraps. .  

Oct. 11.. 

.. 
..... - 
.... 

13 ...... 
14. ..... 
14. ..... 

Averages.. ..... 
Oct. 11.. .... 
' 13 ...... 

14 ...... 
" 14.. .... 

Averapes. ...... 
Oct. 11.. .... 

13 ...... 
" 14 ...... 

14 ...... 
Averapes. ...... 
Oct. 4.. .... '' 6 . . . . . .  * ?...... 

8 . . . . . .  
11 ...... 

"- 

" 

"- 

Averqes. ...... 
Oct. 4.. .... 

8 . .  .... .. 11.. .... 

- 

Averalcs. ...... 
Oct. 4.. .... 

6. ..... 
7 .  ..... 

dl 8. ..... 
11.. ..... 

Averales ....... 

" 

" 

" 

. .  

" 

" 

" 

" 

6 I n  
Bacteria 
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Field Laboratory Reports. Laboratory at  Windsor, Ont. Waters of the Detroit River.  Deep  Water  Samples. 
I 

-" 
* 

D-6-30 3 
8 
5 
4 

6 

D - b l  2 
13 
10 
20 

11.2 

D-6-20 1 
5 
G 
7 

4 .  

D-6-30 34 
3 
2 
6 

11.2 

D-7-1 7000 
2900 
4800 

20000 
24000 

11740 

" 

" 

" 

" 

"- 
D-7-6 5000 

15000 
36000 

18666.6 
" 

D-7-16 GOO0 
80000 
12200 
2000 

52000 

30440 

DATE 

1913 
" 

Oct. 4.. ..... 
(' 7.. . . . . .  
" 8. . . . . . .  
" 11.. . . . . .  

Averages.. ...... 
Oct. 4.. ..... .. 7.. ..... 

" 8.. . . . . .  
(L 11.. ..... 

- 

Averapes ........ 
Oct. 4.. ..... 

6 7  . . . . . . .  
'( 8. ...... 
" 11.. ..... 

- 

Aversps.. ..... 
Oct. 4 . .  .... 
L' 7 . .  ..... 
" 8 . .  ..... 
" 11.. ..... 

Averages. ...... 
Oct. 4.. .... .. 7 .  . . . . . .  

" 8 ....... 
" 11.. ..... 

Averages.. ..... 
"" 

Oct. 4.. .... 
" '1.. ..... 
.. 11.. ..... 

Avcrrles.. ..... 

....... 

Oct. 4 . .  ..... 
n 7  ....... 
" 8  ....... 

11.. * . , . . 

Averales ........ 
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Field Laboratory Records. Laboratory at Windsor, Ont. Waters of the Detroit River. Deep Water Samples. 

Bacterial Counts  Colon Bacilli Bacte: 
Fermentation  Test 

48 Hours Incubation 
DATE a7oc  DATE M g I.']; 

.E 0 0  m 
a".-- I":caz 

1913 9 Count ro Per C( 

Oct. 4 . .  ..... .. 10 . . . . . .  0 + .. 
80 " 8 ~ 

+ + .. 0 0 0 .... 0 2 ....... 8 ....... 
18 " 7 ....... ~ 0 0 0 . .  0 0 . . . .  2 7 

OCt. 4 . .  ..... I_" D-12-30 115 + 4 

11. . . . . . .  145 36 .... 0 f f .. + + 820 " 11. ...... 

1913 
- 

" "- - ""_ "" 

I *  

I - "" "_" 
Averages. ....... 255 .7  Averages.. ...... cc 00 r l  pe  C o l i  8. 32 12 .  51.3 
"" ""- """" -~~ 
OCt.  4 . .  . . . . .  ,D-1&36 9 D-13-1 Oct. 4 . .  . . . . .  + + .. 0 0 ...... 5 5 

'( 7 . .  ..... ' -c 0 0 ..... 4 4 .. 
11 .5  AVefagtS. ....... + + .. + + 0 .... 60 325 " 11.. . . . . .  1 

.. .... " 8. . . . . . .  1 

14 " 7. ...... + + 
I + + 0 0 0 0 3 " 

"" "___. "" "" 

Averages.. ...... "sf. 4 . * . * * * *  p e r l 0 0 c c  C o l i  3 2 B .   1 7 . 2  84 .2  D-13-20 

11 D-14-1 " 4 . . . . . . .  + +  O f . .  ...... 11 24 Oct. 4 . .  . . . . .  ' D-11-1 
12 D-13-30 7 . .  
36 

-.____ "_" ..... i 
" 8. ...... 

4 D-15-1 " 4 .  . . . . . .  """_ "" 

9  D-14-42 " 4 . .  . . . . .  + + .. + f 0 .... 95 400 " 11.. . . . . .  1 

1 4  D-14-32 4 . .  . . . . .  0 0 0 . .  0 0 .... 0 28 

Averages.. ...... ' 150 .6  3 5 . 3  40B.  

160 D-161 Oat. 6 . .  ..... + + + 90 
3 D-15-20 4 . .  ..... 
4 D-15-10 4 . . . . . . .  OOcc p e r l  Co l i  

7 ...... 16 9 .... 0 0 0 

4' + + .. f f 0 . . . .  110 620 '' 11.. . . . . .  40 9.  ...... " + + .. 0 0 0 .... 1 18 " 8. ...... 38 ...... " 8. f + .. 
10. ...... 320 

Averages.. ...... 203 .5  52 .5  51 8.  c o l i  Pe r l  00 CC Averages. ... ....! 139 .5  

Oct. 6 . .  ..... 180 D-1610 
Oct. 4 .  . . . . . .  D-11-136 16 40 ...... f + . . + - t  8 ....... 68 

(' 7 .  ...... 12 4 .... 0 0 0 .. 0 0 " 

100.2 Averages. ....... 
+ f .. + + 0 .... 190 580 " 11.. . . . . .  78 10. ...... " + 0 .. 0 0 0 . . . .  2 24 " 8.  . . . . . .  75 9 ....... 

"" u "" 

OCt. 4 .  ...... D-11-26 .. ...... 160 

_ _ _ _ ~ " " " "  
-" "_ - - - - - - - - " - "- 

I 

i ""- """ 

Averages.. ..... . I  "-" OOcc p e r l  i CO 508. 59  158 

...... 
Oct. 4 . .  ..... U-12-1 6' + +  O f  15 130 

OCt. 8: 

89.5 Averages. ....... ........ 
140 10. ...... " + + .. + + 0 .... 120  180 " 11.. . . . . .  1 
34 9 i " + + .. 0 0 0 .... 0 " 8 . .  ..... 4 8 ~ 

24 
6' + + .. 0 0 0 .... . 3 18 " 7 . .  . . . . .  180 6 . .  . . . . .  D-17-1 

60 D-16-18 . . . . . .  .. 
....... 
....... 

~ 

" "_"" - 
" _ ~  l"-i" """"_ "- 
Oct. 4 . .  ..... u-12-2p. 160 D-17-15 Oct. 6 . .  . . . . .  + f .. f ...... 15 120 

" 7 . .  ..... ' 

81 

110 10. ...... 6' 4- + .. + t 0 .... 140 310 " 11.. . . . . .  36 9 . . . . . . .  6' 0 + .. 0 0 0 .... 1 4  1 80 " 8 . .  ..... 18 8 ....... '6 0 + .. 0 0 0 .... 42 28 

""""" 
I 

Averale,. ....... Averqes  ........ OOCC r l  pe c o l i  501 .  52.7 134.5 1 

-1 
" 

-I- 

I 
- 1 -  

- I -  

,1 Counts 
~ Colon Bacilli 

Fermentation  Teat 

37°C 

25 . . . . . .  
1 G  . . . .  0  0 0 .. 

4 

I 
I- 

i-( 0 .. 0 0 0 . . . .  
120 

0 +  0 . .  0 ...... 8 

OOlcc r l  pe Co l i  8. 57 41 .2  

+ + .. + + 0 .... 

8 .... 0 0 

+ +  ++ . .  . . . . . .  10 

OOcc p e r 1  C o l i  1 8 .  8 

0 + .. 0 

15 ...... 0 + .. 3- f 
8 

0 + .. 0 0 . . . .  1 
O . . f +  0 ...... 25 

+ +  . . . . . . ++ . .  1 
+ + .. + + ...... 12 

0 - t  0 . .  + ...... 

180 .... 0 0 0 .. + + 

"""" 

""- "" 

- - - -" - - - 
""""_ 

1 -t + .. 0 0 : : j  . ... 

7 . . . .  0 0 + .. 
34 

cc 00 r l  p e  li Co 8. 7 56 

+ + .. + 0 0 .... 

80 .... 0 

0 .... 32 
+ + .. + -t- + .... 12 
+ + .. + f 0 .... 28 
+ + .. + + 

0; f  . . $ I +  

""""_ 
- """" 

I " ___- . I  

Symbols read--D=Deep sample:  -10=Sampling  point number;  -26,-36,-1=Depth from  surface at which  samples were collected. 
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8 . .  . . . . .  6 I 1 !.. .. 0 )  0 + I . . ' +  t 
" 9 . .  . . . . .  44 ~ 34 .... 0 + + .. 0 + 

"! 
Averages.. ...... 36.6 71.6 1 4 B . C O l i   p e r l O I I c c  

~ "" ""-" "" 

Oct. 6 . .  ..... D-18-1 110 30 .... 0 -b 0 .. + f 
" 8.. . . . . .  160 3 .... 0 0 0 .. + + 
u 9  ....... 7 2 .. 0 0' 0 .. 0 0 

-,--I """_ " 10. .  ..... 120 18 ..I:: 0 0 + .. + + 
Averages.. ...... 
"" 

Oct. 6.. ..... D-18-15  70 30 0 + + .. + + 
" 8..  ..... 800 1 0 0 + .. + + 
" 9 . .  . . . . .  9 2 .... 0 0 + .. 0 + 
" 10. .  ..... 65 19 ..I.. 0 0 + .. + + 

....... 
""" 

Averages. 

Oct. 6 . .  ..... .. ..... 
" 8  ....... 1 .. " 8 . .  . . . . .  
" 9. .  ..... 11 .. 9. . . . . . .  
" 10. .  ..... .. " 10. . . . . . .  

Averages.. ...... ........ 
"" -8- ,"-. ""_ -" "- 
OCt. 6 . .  ..... D-19-1  40 . . . . . .  0 0 0 . . ( i o  
" 8  ....... 24 1 .... 0 0 0 . . 0 0  Oct. 6 ....... 
" 9. ...... 140  3 .... 8 . . . . . . .  
" 10. ...... 76 8 .... 0 0 0 .. - t ~  i- 9. ...... 

" 10. .  ..... 
Averages.. ...... 

O , O + . .  0 0  
.' 
" 

" """" 

Averages.. ...... 70 3   1 8 .  C o l i  pe r l  00 cc 
""" """" 

"- 
Oct. 6 . .  ..... D-19-16 40 . . . . . .  O O O . . + +  

" 8  ....... 400 1 .... 0 i I+ . . t  -+ Oct. 6 ....... 
" 9. .  ..... 280 . . . . . .  14 .... 0 + + .. 0 0 " 8. 
" 10.. ..... 18 7 .... 0 0 + .. + + 10. . . . . . .  " 

" """" 

Averages.. ...... 1114.5 5 16  8.  coli pe r l  00 cc Averages.. ...... - -" """" "" 

OCL 6. .  ..... D-19-26 30 10 .... O O O . . O O  Oct. 6 ....... 
" 8  ....... 400 1 .... 0 + + .. + + " 8. . . . . . .  
" 9  ....... 290 8 .... 0 0 + .. 0 + " 9.  ...... 
" 10.. ..... 37 14 .... 0 0 + .. + 0 " 10. . . . . . .  
" """" 

Averaoes.. ...... 188 .2  ........ 

D-20-1 . . .. 
180 3 
360 8 
192 9 

183 5 
" 

"" 

D-20-20 10 40 
300 3 
190 12 
140 3 

160 14 .5  
" 

"" 

D-20-30 140 
300 2 
37 1 

158 17.6 

.. 

" 

"- 
D-21-1 80 .. 

200 1 
480 38 
220 9 

245  12 
" 

"" 

1-21 -11 190 20 
800 5 
820  80 
280  28 

522.5  33.2 
" 

"" 

1-21-21 480 110 
140 1 4  
270 . 14 

288.6 1 46 
" 

"" 

D-22-1 80 20 
120 25 

1100 20 
.. .. "- 

433.3 1 2 1 . 6  

"_ ~ ". 
a o h  Bacilli 

48 Hours Ineuhotion 
Fermenttilion Test 

37oc 

"_""I_ 

.... 0 0 0 .. 0 0 .... 0 0 0 .. 0 0 

.... 0 0 0 .. 0 + .... 0 0 0 .. + + 
"""" 

1 B. GO li pe r100 jcc  
"""" 

.. ,. 0 0 + .. + + 

.... + 0 + .. + + 

.... 0 0 0 .. -;I+ 

56 B.  Go li pe r l  OD~cc 

.... 0 + $- .. .... 0 0 0 .. .... 0 0 0 .. 
"""_I_ 

36 B.  Co li pe r l  00:cc 

.... 0 + + .. O l f  

"""" , 
"""" 

"""-8- 

i 

.... .. 

.... 0 0 0 .. 
6 B .  Col i  p e r l  OOcc 
"""" 

.. ..! 0 "  + .. + + .... 0 0 0 .. + 0 

.... I 8- + .. i-If 

. . . .  0 0 01.. 
"" "" + - I +  

.... 0 0 0 .. 01 0 

.... 0 0 + .. + '+  
IO B. co Ii I O O : C C  

"""" I 

peir 

0 + + .. 
.... 0 0 + .. 
. . . .  0 0 4. .. 

1- 
I1  B.,Co,li pe r l  OOlcc 
_""" 
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Field Laboratory Reports. Laboratory at Windsor, Ont. Waters of the Detroit River. Deep Water Samples. 

I I Bacterial Counts 
I I Colon Bacilli 1 1  I 6 l- I I Colon Bacilli 

Bacterial Counts 

DATE 

1913 

Oct. 6..  ..... .. 8. . . . . . .  
" 9 .  ...... 
" 10.. ..... 

Averages. ....... 
Oct. 6 . .  ..... 

" 10.. ..... 
" 6  ....... 
" 8  ....... 
" 9. ...... 
" 10. ...... 

"- 

Averages. ....... 
Oct. 6.  . . . . . .  
" 9  ....... 
" 10. ...... 

" 

Averages.. ...... 
Oct. 6 . .  ..... 

u s  . . . . . . .  
" 9  ....... 

10.. ..... 
Averages.. ...... 
Oct. 6. ...... 

" 8  ....... 
" 9  ....... 
" 10.. ..... 

- 

"- 

Averages.. ...... - 
Oct. 6. .  ..... .. 8. .  ..... 

" 9.  ...... 
" 10..  ..... 

Averages.. ...... 
" 

Oct. 8. .  ..... '' 9 . .  ..... " 10.. ..... 
Averapes.. ...... 

" 

* 
1-22-10  60 

2000 
1600 

1 1220 

3-22-20 180 
~~~~ 

D-23-1 .. 
3000 
3100 

.. 

.. 
2033.3 

D-23-8  30 
6900 .. 
3600 

"" 

1-23-18 .. 
3000 
1100 

.. 
1366.8 -" 

D-24-1 40 
3000 
9000 .. 
" 

401 0 "- 
1-24-16  220 

5000 
12000 

.. 
6406.6 "- 

D-25-1  10000 
9000 

" 

.. 
8500' 

I 
~ Oct. 8 . .  ..... 

+ +  t ~ . .  0-4 . . . . . .  .. .. 1 0 . .  ..... 
+ ' 7 " -  .. + i i + .... 220 4900 .. 9 .  ...... 
+ .. + + + + .... 420 10000 D-25-15 

Averages. ....... 7450  320 7 cc 00 rl  pe  C .  B.  00 

Oct. 7 . .  . . . . .  D-26-1 4400  440 .... 

+ +- .. + + + .... 110 .. " 1 3 . .  ..... 
+ .t .. + + 0 .... 760 6500 .. 11.. . . . . .  
-t - 1  .. -1 0 0 . . . . . .  560 " 10 . .  . . . . .  
+ + .. 0 0 + 

Averages.. ...... 3820 436.6 2 85 B. C. pe r l  cc 00 

" """" 

- """" "_" 

" """" 

"" "- """" 

OCt. 7 . .  . . . . .  
+ . . I +  + 0 0 ,. .. 50 850 " 13. .  ..... 
+ -1- 0 + . .  0 . . . . . .  .. .. 10.. ..... 
+ + ;. + 0 + .... 2200 8600 D-26-8 

Averages.. ...... 4725 1125 46B.Coli p e r l 0 U c c  

" "" - 
- "- """" 

Oct. 7 . .  ..... 

+ + .. + + 0 .... 80 9000 " 13 ....... 
+ -1- .. -I i~ 0 .... 720 8200 11.. ..... 

t +  .. 0-I  0 . . . . . .  .. " 10..  ..... 
+ +, .. -4 0 + .... 1800 3600 D-26-18 

Average:.. ...... 8933.3 866.8 80 8. cc 00 r l  pe C o l i  
" """" 

"""" "- 
Oct. 7 . .  ..... 

+ + .. + + + .... 80  3200 " 13..  ..... 
+ + .. 0 + + .... 480  7900 11.. ..... 
+ + .. t -t 0 .... 520 18000 " 10..  ..... 
0 + .. + -1- 0 .... 440  2100 D-27-1 

Averages.. ....... 7800  380 3 22 cc 90 r 1 pe C .  B. 
" """" 

- - """ "- 
Oct. 7 . .  ..... 

+ i .. + 0 + .... ti0 1200 " 13.. ..... 
+ + .. 0 0 0 .... 560 6800 " 11.. ..... 
t + .. + + 0 .... 600 20000 " 10. .  ..... 
+ + .. + + 0 .... 180 2400 D-27-20 

Averages. ....... 7600 350 76 B. cc 00 r l  pe C o l i  
"" """ 

"" """" 

OCt. 7 . . . . . . . ~ D - 2 7 - 3 0  + .. + O +  .... 4500 3800 
10.. ..... 

6800 13.. ..... 
+ + .. 0 + + .... 420 850 11.. ..... 
+ + .. + + 0 .... 1400  18000 

+ + .. + + + .... 80 

Averages.. ...... 7382.5 585 3 cc 00 r l  pe C. E .  22 
" """" 

Symbols read-D=Deep sample; -22=Sampling  pdint number; -10,-!20.-i=Depth from  surface at which  mmples  were  collected. 
~~ 
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DATE 

1913 
"" 

Oct .  7 . .  . . . . .  
" 10 ...... 
" 11.. . . . .  
" 13.. .... 

Averages. ...... 
Oct. 7 . .  . . . . .  

" 10.. . . . .  
" 11.. . . . .  
" 13.. . . . .  

"- 

Averages.. ..... 
Oct. 7 . .  . . . . .  

" 10.. .... 
"" 

Averages.. ..... 
Oct. 7 . .  . . . . .  

" 10.. .... 
" 11.. . . . .  
" 13.. .... 

"" 

Averages. ...... 
Oct. 7 . .  . . . . .  

" 10.. . . . .  
" 11.. . . . .  
'' 13.. .... 

- 

Averages.. ..... "- 
Oct .  7 .  ...... 

" 10.. .... 
" 11.. . . . .  
" 13 ...... 

Averages.. ..... 
"" 

Oct. 7 . .  ..... 
" 10.. .... " 11 ...... 
" 13.. .... 

Averages.. ..... 
Oct. 7 . .  ..... 

'L 10.. .... 
" 

Field  Laboratory  Records.  Laboratory at Windsor, Ont. Waters of the Detroit  River.  Deep  Water  Samples. 
I I ,  I I 

'D-28-1 1800 
18000 

6500 
140 

661 0 "- 
D-28-18 3400 

20000 
9000 

160 

8140 
"" 

1-28-28  2600 
12000 

730 
"" 

D-29-1 140 
720 

65 
16 

235 .2  
" 

1-29-26  40 
1100 

75 
120 

335.7 
" 

1-24-36 140 
480 
460 

85 

281 .2  
" 

D-30-1 11 
72  
13 
11 

29 .7  
" 

D-30-17 6 
64 

" ~- Counts 

d i ,  g tm.?. - < h Z  
6 agC; 

4Z;ESd 
58.2 u 

Cormt 
Per C!a 
" 

65 
350 
440 
40 

223 .7  

80 
520 
460 
30 

272.5 

75 
60 

67.5 

80 
45 

4 
6 

33 .5  

- 

- 
40 
32 

6 
18 

24 
- 

Fermentation  Test 
Colon Bacilli 

48 Hours Incubation 
3700 DATE 

.- 

.. ..I 0 i- + .. + + 
.. 0 + + .. + + 

.... f + 0 .. + + 

.... 0 t + .. + + 
1 00 B. C. pe r 1 00 cc 

.. ,. 0 + + .. + 0 

.... 0 + + .. + + 

.... + + 0 .. + + 

.... 0 0 + .. 0 0 

., 
" ""__ 
"""" 

"""" 

75 8. coli p e  r l  oo cc 
"""" 

.... 0 + + .. + + .... 0 0 + .. + + 
60 8. Co Ii pe r l  00 cc 

., .. 0 0 0 .. + -I- 

.... 0 0 0 .. + + .... 0 0 0 .. 0 0 

7 8. C o l i  p e  r l  00 cc 

"""" 

" """ 

.. ..' o o + .. + f 

" """ 

" """ 

0 O + . .  o +  
.... 0 0 + .. 0 + 
8 B . C o l i  p e r l 0 0 c c  

. . I . . ;  0 0 0 .. + + 
"""" 

"""" 

1913 

Oct. 11.. .... 
13.; .... 

Averages.. ..... 
act. 7.. . . . . .  " 10 ...... 

" 11.. . . . .  
13 ...... 

Averages. ...... 
Oct. 7. ' .  . . . . .  

10 ...... 
t4  11 ...... 
" 13 . . . . . .  

Averages.. ..... 
" 10.. . . . .  
" 11.. . . . . .  
" 13.. .... 

Averages.. ..... 
Oct. 7 . .  . . . . .  

" 10.. .... 
" 11.. . . . . .  
" 13.. .... 

Averages.. ..... 
Oct. 7.. ..... 

" 10.. .... 
" 11.. ..... 

13 ...... 
Averages.. ..... 
Oct. 7 . .  . . . . .  

" 10 ....... 
= 11 ....... 
" 13 ....... 

Averages.. ..... 
Oct. 7 . . . . ; . :  

" 10 ...... 
13...... 

Averages.. ..... 

- 

"_ 

- 

"_ 

- 

"- 

- 

"-1"" ""_ 
15 7 .* .. 0 0 0 . .  + + 
9 9 0 0 0 0 0 

20 .7  7   1 B . C o l i  p e r l 0 0 c c  

0-30-27 8 3 .... 0 0 + .. + + 
57 1 .... 0 0 0 .. 0 + 
14 8 .... 0 0 0 .. + + 

5 11 0 0 0 0 + 

.... .. "-"""_ 
-,"--""" 

.... .. 
""""" 

21. 5 .  7 6. c o l i  p e  r l  OOlcc """""_ 
D-31-1 4 9 .... 0 0 0 .. 0 + 

73 14 .... 0 0 0 . .  + + 
21 21 .... 0 0 0 .. + + 
6 11 0 + + + 0 

26 14 7 8 . C o l i  p e r l 0 0 c c  

)-31-22 45 6 .... 0 0 0 . .  +lt 

19 5 0 0 + i- + 
2 7 . 3  8. 8 8.  C o l i  pe  r l  00 cc 

.... .. 
""""" 

"""""_ 
18 17 .... 0 0 0 . .  + I +  .... .. 

"-" ""_ 

1-31-32 28 5 .... 0 t + . . .  't 
65 11 .... 0 0 0 .. i- '+ 

4 6 0 0 0 + + 
26 8 ) 2 8 8 - C o l i  p e r 1  OOcc 

.... 9 10 0 0 0 ..It + 

.... .. 

""-" "_" 
D-32-1 36  7 I ..,.. 0 O + . . + , i -  

74 5 ( . . I . .  0 0 o .. ~ t 
29 ... 
46 .. + + + 

1-32-20 16 11 .... 0 0 + .. 
90 9 .... 0 0 0 .. 
85 155 .... 0 + 0 .. 7 t 
98 18 .... 0 + + .. 3- i- 

7 2 . 2   7 3 . 2   3 6 B .   C a l i  p e r t  OOcc 

u32-30 11 9 .... 0 0 + .. + + 
135 1 4  .... 0 0 0 .. + + 
64 3 .... + + + .. + + 
70. 8 .  41 8. C o l i  pe r l  00 cc 

""" """ 

""""_" 

""""" 
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DATE 

1913 

Sept. 6 . .  ..... .. 8.. ..... .. 9.. . . . . .  
" 10.. ..... 

11.. . . . . .  
" 13 ....... 

16 ....... 
" 16 ....... .. 17.. ..... 
" 18.. ..... .. 19.. ..... 
a 20 ....... 
'( 2 2 . .  ..... 

"" 

Averrues ....... 
"" 

Sept. 6 . . . . . . .  
" 8.. ..... 
" 9.. ..... 
" 10.. ..... 
" 11.. ..... 
. . .  13.. ..... 
" 16. ...... 

16. ...... .. 17.. . . . . .  
" 18.. . . ... 
" 19.. ..... .. 20.. .... 
" 22, .  . . . . .  

Averrues.. ..... 
" 

Sept. 6 . .  .... .. g . . . . . .  
" g...... 
" 10.. .... 
" 11.. .... 
" 13.. .... 
X...... 

" 16... ... 
" l?... ... 

18 ...... 
" 19.. .... 

2 0 . . .  ... 
22 ...... 

Averr@er.. ..... 

Bacteri 

3 5  8 
q $ $  
)I '2.a g 
D Mc.2 

Count 
?er Ca 
" 

17 
36 

156 
70 
70 .. .. 
54 

168 
26 
60 
36 

68 

.. 

- 
- 

13 
40 
36 

164 
0 
*. .. 
18 
62 
28 
44 
40 

46 

.. 

- 

11 
8 
11 
55 
30 .. .. 
.. 
12 
30 
30 
14 
40 

24 
- 

Counts 

4 . 9  

i 42; 

i f223 
0 Cn.2 

iV.a.2:: 

Per  Ca 
Count 

15 
80 
72 
40 
60 
.. 
.. .. 
4 

77 
50 
30 

120 

58 
- 
" 

14 
20 
52 
78 
30 .. .. .. 
5 

26 
18 
24 

140 

41 

8 
14 
16 
46 
32 
.. .. 
.. .. 
24 
62 
16 
80 

32 

Laboratory at  Amherstburn.  Ont. Waters of Western End of Lake' Erie.' -. 

Colon Bacilli 
Fermentation Test 

48 Hours  Incubation 
37O0 DATE 

1913 

Sept. 6 . .  ..... 
" 8.. ..... 
" 9.. ..... 
" 10.. ..... .. 11.. ..... 
" . 13.. ..... 
" 16.. ..... 
" 16.... ... 

17.. ..... 
'' 18.. ..... 
" 19.. ..... 
" 20.. ..... 

64 2 2 . .  ..... 

- 

hverrgcs ....... 
" 

Sept. 6.. ..... 
" 8  ...,... 
" 9 . .  ..... 

10.. ..... 
" 11.. ..... 
" 13..... . .  
" 16.. ..... 
" 16... .... .. 17.. .... 
" 18.. ..... 
" 19.. ..... 
" 20.. .... 
" 2 2 . .  ..... 

Averrues ....... 

Sept. 6 . .  .... 
s . . . . . .  

" g..... . 
" lo...... 
" 11.. .... 
" 13 ...... 

15 ....... 
" 16 ...... .. 17.. .... 
" 18 ...... 

lS..... . 
" 20.... .. 
" 22 . . . . . .  

Averages ....... 

Bacteri 

' h- I 
2 ..51 

v.e, s 
02a'; E&" 

4 25 
. __.. 

Per CC 
count 
" 

8 
4 

11 
36 
18 .. 
.. 
24 
33 
14 
6 

28 

.. 

18 

3 
4 
6 

26 
26 
.. .. .. 
32 
28 
12 
12 
18 

17 
- 

5 
2 
8 

17 
13 .. .. 
21 
20 
10 
8 

200 

.. 

30.4 
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DATE 

1913 

Sept. 6.. ..... 
" 8  ....... 
" 9  ....... 

10.. ..... 
" 11.. ..... 

13.. . . . . .  
" 16.. ..... 
" 16 ....... . 17.. ..... 
" 18.. ..... 
" 19.. ..... 
" 20.. ..... 

22. .  ..... 
Averages.. ...... 
Sept. 6.. ..... 
" 8  ....... 
" 9;. ..... 

10.. ..... 
a 11.. ..... 

13.. ..... 
" 15.. ..... 
" 16.. ..... 

17. ...... .. 18.. ..... 
19.. ..... 

" 20.. ..... 
" 22.. ..... 

Averages.. ...... 
- 

Sept. 6 . . . : . . .  
" 8  ....... 
" 9  ....... 
" 10.. ..... .. 11.. ..... .. 13. ....... 

16.. ..... 
" 16.. ..... 
" 17.. ..... 
" 18.. ..... 
" 19.. ..... 

20. ...... 
" 22. .  ..... 

Avsrages ........ 

. u  

Batter: 
i -  
i y  im.! 
-4  3; :'T.El% ; a k ! ,  I 

4 4 P 4 7 C  

Count 
Per UC - 

7 
6 
6 

17 
5 .. .. .. 

. 4  
5 
8 
4 

180 

24.2 - 
4 
2 

11 
32 
5 .. 
.. 
.. 
26 
9 
8 
3 

30 - 
13 

- 
3 
4 

12 
17 
7 .. 
.. .. 
32 
8 

4 
a00 

43 

.. 

- 

32 

12 
22 
12 
76 
10 .. .. .. 
8 

14 
2 
6 

20 

16 
- 

22 
5 
3 

14 
9 .. .. 
.. 
6 
5 

6 
600 

74 

.. 
- 

- 

Colon Bacilli 

48 Hours Incubation 
Fermentation  Teat 

87OO 
_1 

8 l g  
0 0  
N , V )  
" 

+ +  
O +  
O +  + +  
t+ 
t+ 
t+ + +  
t+ + +  + +  
O +  + +  
" 

10 cc 
" 

0 0  
0 0  
O f  
t +  
0 +  
t +  
t +  
0 +  
t +  
0 0  
t+ 
O +  
t .t 
" 

IO cc 
" 

0 0  
0 0  
tt 
k +  
t +  
t +  
r +  

t +  
O +  
t o  

0 0  
t +  

B cc 

... 

" 

DATE 

~ 1913 
~ "- 

Sept. 6. ..... 
8 ....... 

" g. . . . . . .  
" 10. ...... 
" 11.. ..... 
'' 13.. .... , 
" 16.. ..... 
" 16 ....... 
" 17 ....... 
" 18.. . . . . .  
" 20.. ..... 
" 2 2 . .  ..... 

Averages.. ..... 

I 6' 

" 

Sept. 6.. ..... 
" 8.. ..... 
" 9  ....... 
" 10 ....... 
" 11.. ..... 
" 13.. ..... 
" 15.. ..... 
" 16 ....... 
" 17. ...... 
" 18.. ..... 
" 20.. ..... 
" 2 2 . .  ..... 

Averages.. ...... 
- 

Sept. 6 . .  ..... 
" 8. ...... 
" 9.. ..... 

10.. ..... 
" 11.. ..... 

13.. ..... 
" 16.. ..... 

16.. ..... 
" 17 ....... 
" 18.. ..... 
" 20.. ..... 
" 22. .  ..... 

Avcrqcs.. ...... 

- -  
. I  

" 

. I  

" 

1 

- 

5 
3 

12 
1 

12 .. .. .. 
13 
16 
0 

480 

60 
" 

3 
6 

15 
12 
6 .. .. .. 
8 
9 
2 

40 

11.2 
- 

- 

7 
4 

20 
6 

12 .. .. .. 
9 

16 
4 

18 

10.6 

=,I Colon Bacilli 
c 
0, 

.. 
53 
11 
5 
6 .. .. 

9 .  

4 
7 
8 

40 

18.5 

- 

10 
9 

11 
16 
11 .. .. .. 
5 
8 
5 

34 

12.1 

1 Ferment~tion T e n t  
48 IIours Incubation 

3700 
- 
E 
E 
r 
0 
9 - 

I *  

.. 

., 

., 

., 
. a  

. I  - 
l! 

- 
. I  .. 
. I  .. .. .. 
. I  .. .. 
.. 
.. 
- .. 
7 

- 

.. .. 

.. 

.. 

.. .. 

.. .. 

.. 

.. .. 

.. - 
IO 

.... 0 i- . 

.... 0 0 .  .... + 0 .  .... 0 0 .  

.... 0 + . .... 0 0 .  

.... 0 + . 

.... 0 0 .  .... 0 0 .  .... 0 0 .  .... 0 0 .  .. e .  + + . 
1. C o l i  p e r  
-"" 

""_ 
.... 0 0 .  .. ,. 0 0 .  .... 0 0 .  .... 0 0 .  
.... 0 + . 
.... 0 0 .  .... 0 + . .... 0 0 .  .... 0 0 .  .... 0 0 .  
.... 0 0 .  ... o + .  
I. Co Ii pc r ' 
""- 

""- 

... 0 0 .. 

. . .  0 O ' . .  

. . .  0 0 .. 

. . .  0 + .. 

... 0 0 .. ... 0 + .. 

. . .  0 + .. ... 0 -t .. 

... 0 0 .. . . .  0 0 .. ... 0 0 .. 

... 0 + .. 
I. Co li  pe r i 
""- 

- 
I 

8 1:: 
Loo 
N V )  
" 

0l+ 
+ +  OI + 
+ +  
+ +  
4 -t 
i+  
t +  
t +  
t +  
O +  
t f  

IO cc 
" 

" 

O f  
I- + 
.! + 
t +  
t f  
t +  
+ .t 
+ +  
t +  
t +  
0 0  
If 
" 

I U  cc 

" 

0 -I- 
O +  
k +  
k + i  
t + 8  

i + '  
t f '  
t +  
t +  
0 0  I -+ 

b + l  

" 

10 cc 
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: 

DAT5 L 

1913 I - 
Sept. 6 . .  ..... .. 8 . .  ..... 

" 9.. ..... 
10.. ..... 

" 11.. ..... .. 13.. ..... 
" 15.. ..... 

16 ..... r .  
17.. ..... 

" 18.. ...... 
" 19.. . . . . .  
" 20. ...... 

22. ,  . . . . .  

I 
I 

1 Averages.. ...... I"" 
Sept. 6 . .  ..... 

" 8 . .  ..... .. 9.. ..... 
10.. ..... 
11.. ..... 

" 15.. ..... 
1 6 . .  ..... 

" 17 ....... 
* 18.. ..... 
" 19.. . . . . .  
" 20. . . . . .  
" 2 2 . .  ..... 

Averages. ....... 
""- 

Sept. 6 . .  ..... .. 8.. . . . . .  
" 9.. ..... 

10 ....... 
11.. ..... .. 13.. ..... 

" 15.. ..... 
1 6 . .  ..... 
17.. ..... 

Id 18.. . . . . .  
" 19.. ..... .. 2 0 . .  ..... .. 2 2 . .  ..... 

Averages.. ...... 
- 

Bscteris 

is.5 
, o  .a2 
ISC%d 

N-4 "2 

Per CC 
Count 

5 
8 

13 
11 
14 .. .. .. 
6 

10 
2 
0 

14 

8 

18 
9 
7 
8 

12 .. .. 
11 
13 
10 
8 

1000 

110 
- 

8 
9 
10 
24 
21 
*. .. .. 
7 

11 
4 

12 
1000 

111 

7ounts Colon Bacilli 

' i  Fermentation Test 

87OO -4 : z  
0.52% 

2 ,,: 4 E  Houra Incubation 

0. 

0 0 0  
0 g g g  

12 ...... 0 0. .  o +  
3 ...... 0 0 . .  o +  
8 ...... O + . . + +  

1s ...... 0 O . . + +  
4 ...... 0 O . . + +  . . . . . . . .  0 o . . + +  
. . . . . . . .  0 o . . + +  
. . . . . . . .  0 o . . + +  
.4 ...... 0 o . . + +  
7 ...... 0 o . . + +  

22 ...... 0 0 . .  0 0  
6 .. 0 0 0 0 . .  O +  
18 ...... o + . .  + +  

18.2  5 B. Co li pe  r 1 00 cc 
""""_ 
- - - - - - - - - 

5 ...... 0 0. .  o +  
12 ...... o + . .  o +  
13 ...... O + . .  + +  
15 ...... 0 O . . + +  
. . . . . . . .  O f . .  + +  
. . . . . . . .  o + . .  + +  
3 ...... 0 0 . .  O f  
5 . . . . . .  0 O . . + +  

32 ...... 0 O . . + +  
10 .. 0 0 0 0 . .  0 0 

900 ...... + + .. + + 

8 . ..... d ' o . .  + + 

"""" - 
100  16 B. Co ti pe r 100 cc 

"""" - 

s ...... 0 0. .  o +  
18 . ..... o + . . +  0 
5 ...... 0 O . . + - f  

20 ...... o + . .  + + 
9 . . . . . .  0 0 . .  ti- 
. . . . . . . .  o o . . + . .  . . . . . . . .  + + . . + +  
. . . . . . . .  o + . .  + +  
3 . . . . . .  o + . .  + +  
7 ...... o + . .  + +  

19 . ..... 0 0 . .  O f  
8 .. 0 O b + . .  o +  

800 ...... + + .. + + 
80 25 B. C o l i  pe  r l  00 cc 

"""-" 

DATE 

1913 

f 

Sept. 6 . .  ..... 150 .. 8.. ..... .. 9.. ..... .. 10.. ..... .. 11.. ..... .. 13.. ..... .. 16.. ..... 
1 6 . .  ...... 
17.. ..... 
18.. ..... .. 19.. ..... .. 20 ....... .. 22 . .  ..... 

- 
Averages.. ...... 
""- 
Sept. 6.. ..... 151 .. 8.. ..... .. 9.. ..... 

10.. ..... .. 11.. ..... .. 13.. ..... .. 15.. ..... 
.. 17.. ..... .. 18.. ..... .. 19.. ..... .. 20 . .  ..... .. 2 2 . .  ..... 

.. 16 ....,... 

- 
Averages.. ...... 

" 

Sept. 6 . .  ..... 152 .. 8.. ..... .. 9.. ..... .. 10.. ..... .. 11.. ..... .. 13.. . . . . .  .. 15.. ..... .. 16. .  ..... .. 1 7 . .  ..... .. 18.. ..... .. 19.. ..... .. 20..  ..... .. 2 2 . .  ..... - 
Averages.. ...... 

Bacteri 

N 

ma-m e 
+.Ipldl)i 
Count 
Per CC - 

18 
6 

25 
83 
5 .. 

. I  

14 
17 
10 
18 

.. 

,. 
" 

22 

6 
1 

29 
13 
18 
.. .. 
10 
43 
4 

16 
1000 

.. 

114 

8 
10 
56 
80 
* .  .. 
.. .. 
25 
43 
16 
14 

4000 

472 
- 

9 . I  

9 .. 
11 .. 

116 . . 
3 .. . . . .  . . . .  
. . . .  
10 . . 
17 .. 
20 . . 
18 .. . . . .  
" 

24 21 

" 

14 . . 
6 .. 

20 .. 
7 .. 

16 .. 
. . . .  
. . . .  
. . . .  
9 .. 

42 . . 
11 .. 
12 . . 

600 .. 
74 1 
" 

" 

preader . . 
8 .. 
28 .. 
50 .. 
11 .. . . . .  . . . .  . . . .  
10 .. 

' 27 ,. 
11 .. 
18 .. 

1200 . I  

151 1 
" 

Counts Colon Eneilli 

4 45 Hours  Incubation 
Fermentatik.n Test 

P ~ ~ c c  0 
Count 0 

,- 
" 

I 

I 
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DATE 

1913 

Sept. 6 . .  ..... .. 8. ...... .. 9. ...... 
" 10.. ..... 

11.. ..... .. 13.. ..... 
" 15.. ..... 
" 16.. ..... 

17.. ..... 
" 18.. . . . . .  
" 19.. . . . . .  .. 20.. ..... 

2 2 . .  ..... 
Averages. ....... 
"" 

Sept. 6.. ..... 
" 8. ...... 
" 9.. ..... 
" 10.. ..... 
" 11.. ..... 

. " 13.. ..... .. 15.. ..... .. 16 ....... .. 17.. ..... .. 18.. . . . . .  .. 19.. ..... .. 20.. . . . . .  
L' 2 2 . .  ..... 

Iverages.. ...... 
"_" I 
,Sept. 6 . .  . . . . .  

8 . . . . . . .  
9. ...... 

" 11.. ..... .. 13.. ..... .. 15.. ..... 
" 16.. ..... 

6 '' 17 ....... 
" 18.. ..... 
" 19.. ..... 
" 20.. ..... 
" 2 2 . .  ..... 

cy 

, u  10. ...... 

Iverager.. ...... 
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DATE 

1913 - 
Sept. 6 . .  ..... 

'' 8 . . . . . . .  
" 9. ...... 
" 10.. ..... 
" 11.. ..... 
" 12.. ..... 
" 13.. . . . . .  
" 15.. ..... 
" 16 ....... 
" 17.. ..... 
" 18.. ..... 
" 20.. ...... 
(' 2 2 . .  ..... 
" 23 ....... 
u 24.. ..... 

Averages.. ...... 
"- 
Sept. 6 . .  ..... 

" a....... 
" 9  ....... 
" 10.. ..... 
" 11.. ..... 
(L 13.. . . . . .  

16. .  ..... 
" 16.. ..... 
" 17.. ..... 

18.. ..... 
" 20 ...... 
" 22 ...... 

Averages.. ...... 
- 

Sept. 6.. ..... 
" 8.. ..... 
" 9  ....... 

10.. ..... 
11.. ..... 

'' 13.. ..... 
16.... ... 
17.. ..... 
18.. ..... 

" 20.. ..... 
22.. ..... 

Avertpa.. ...... 

~- Bacteri 

;"5 6 
o s o m =  

i ~ . ~ ~ ~  
N 4 h  u 

Count 
Per CC 

preadel 
2000 
302 

6000 
640 

2G34 

- 

.. .. .. 
4000 
3500 
2000 
300 

2100 
4000 

2484 

.. 

- 
- 

600 
2000 

104 
230 
380 
.. .. 
.. 

2300 
4000 
240 
240 

1122 
- 
- 
preadel 
1000 
120 
100 
130 .. .. 
98 

4590 
110 
140 

718 
7 

"- 
125 .. 
560 . . 
5G . . 

340 .. 
. . . .  
. . . .  . . . .  . . . .  . . . .  

1500 
100 . 
110 . 
360 . 

2000 . 
220 . . 
" 

531 3 
" 

100 .. 
480 *. 
13 .. 
50 .. 
. . . .  
. . . .  . . . .  . . . .  

600 ., 
950 . ,  

60 . 
260 . 
" 

314 lo 

" 

>reader . . 
800 . . 
50 *. 
20 *. 
. . . .  
. . . .  . . . .  
8 .. 

260 .. 
40 .. 
40 .. - 

174 m 

37'0 

: o O , z :  ; rs: ,oz;  
, ,  .. 0 + . . .  . . .  + + . . .  
. . . .  + + .. 
,. + +  t... 
0 o + + . :  
.. + + + . .  
o +  + t .. 
0 . .  + . . . .  
0 0 0 0 . .  
0 + + -t- .. 
0 o +  + .. 
0 o +  + .. 
0 o +  + .. 
0 o +  + .. 
. o + + . :  

!8 B. C. pe r l  0 
""" 

.... 0 i- .. .... + + . . .  .... 0 + ... 
,. 0 + -t .. I 
0 0 O f . :  
.. + + + .. 
+ .. + .... 
0 O f  + .. 
0 + i- + .. 
0 0 o + . .  
0 0 o + . .  
0 o +  + .. 
18 B. C. pe r l  0 
""" 

""" 

....  0 + ... .... + + ... .... + + .... .. 0 O f  . . .  
0 0 o + . :  
0 0 o + . :  
0 o +  +.. . 
0 0 o+.:  
t+++.: 
0 O f + . .  
0 O f + . . -  

i 4 B .  C. p e r 1 . I  

- 

""" 

- . . I  

$ 2  ; z  
" 

t +  
t -t 
t +  
. . .  

+ .. 
f .. 
+ o  
O +  
0 *. 
+ .. 
+ .. 
+ .. 
f .. 
-t- .. 
+ .. 
10 cc 
" 

" 

k +  
t t  
t +  

t .. 
+ .. 
0 . I  

+ .. 
f .. 
+ .. 
+ .. 
+ .. 

.... 

" 

le cc 

" 

t +  
t +  
t +  

f .. 
t .. 
t .. 
t .. 
t .. 
t .. 
f .. 

... 

" 

)a cc 

DATE 

1913 "- 
Sept. 6 . , .  . . . .  

" 8.. ..... 
" 9.. ..... 
" 1 0 . .  ..... 
" 11.. . . . . .  
" 13.. . . . . .  
" 15.. ..... 
" 16.. ..... 
" 17 . . . . . . .  
" 18.. ..... 
" 20.. . . . . .  

2 2 . .  ..... 
Averapes ........ 

Sept. 6 . .  ..... .. 8.. ..... 
" 9  ....... 
" 10.. ..... 
" 11.. ..... 

13.. ..... 
16 ...,... 

" 16.. ..... 
'l  17 ....... 
" 18 ....... 
" 20.. ..... 

22.. ..... 
Averages ........ 

Sept. 6. .  ..... '' 8.. . . . . .  
" 9 ....... 

10.. ..... 
" 11.. ..... 
" 13.. . . . . .  
" 15.. ..... 

16.. ..... 
17.. ..... 
18.. ..... 

" 2 0 . . . . .  . .  

Averages.. ...... 

.-  

Batter 

Per CC 
Count 

- 
preade: 

40 
1000 

50 
40 .. 
,. 

540 
3000 

80 
81 

604 

.. 

- 
" 

10 
24 
25 

1000 
10 
.. .. 
33 

3500 
44 
60 

523 

.. 

- 

23 
144 
600 
800 
20 .. .. 
68 

ZOO0 
48 

.. 

450 

Counts 
L C  

:u.s;i 
1 &.{ . 
'PO*  k 

m h m y  
Count 

Per CC 

120 
13 

220 

60 

- 

.. 

.. 
* .  

1bO 
1500 

40 
140 

282 

.. 

- 

8 
24 
13 
zoo 
60 .. .. .. 
8 

960 
30 
40 

148 

- 
17 
44 

144 
352 

30 .. .. 
34 

1500 
30 

.. 

Colon Bacilli 
Fermentation Test 

48 Hours  Incubation 
3700 

0 U "  

; 2 : 0 0 :  
> s ? : : x ~  

...... o + . .  .. ' . . .+  0 . .  

. . . . . .  

0 .. 
.. -t 0 0 0 .. .. + + + .... 
.. i- + + .... 
.. + 0 0 0 ,. 
.. + -t 0 .... 

+ + . .  

+ -t- -+ a .  

.. + -t + + .. 
,. 0 0 + 

.. -+ 0 0 0 ,. , I  
+ 

11 23 8 .  C. pe r '  

""" 

""" 

""" 

..... 

., 0 0 0 0 .. .. + 0 0 0 ,. 

.. + + + + ,. .. + + + 0 .. .. + + 0 0 .. .. + + 0 .... .. + 0 0 .... 

.. + 0 0 0 , .  

.. + + ..... , 

o + , .  ...... o + . .  . . . . .  
0 0 . .  

8 508. C. p e r '  
""" 

""" 

..... 

.( + 0 0 0 .. .* + + 0 0 ,. 0 . .  0 0 0 .. .. S--+ .Q 0 ,. 

.. + + 0 .... .. f 0 0 .... e .  + 0 0 0 ,. 
e ' .  + + .. ., , . 
.. f + ...... 

++..  ...... o + . .  

81 B. Co li #e. r 
' 

""" 

3 0  
U D  
D O  
V I 0  
" 

f +, + +  
i- + 
-1- . . 
+ .. 
+ .. 
t .. 
+ .. 
t .. 
+ .. 
+ :. 
00 e o ,  

.... 

" 

" , I '  

t +  
t +  
t +  
i- + 
t .. 
t .. 
+ .  
+ .. 
+ 6 .  

$- .. 
i- .,. 
f 0 .  

DO cc 
" 

" 

t f  
t +  
t f  
t f  
f .. 
$. .. 
f ..' 
f .. 
0 .., 
+ .. 
+ '.. 
DO PO 
" 

- 
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I 

DATE 

1913 
- 
Sept. 6.. .... .. 8.. ..... 
" 9. ...... 

10. ...... 
" 11.. ..... .. 13.. ..... 

15.. ..... 
'* 16.. ..... .. 17.,. .... .. 18.. ..... 
'' 2 0 . .  ..... 

2 2 . .  ..... 
Ararrpes ....... 
8ept. 6.,. ... 

8.. .... 
" 9. ..... 

10.. ..... 
11.. ..... .. 13.. . . . . .  .. 15.. ..... .. 16.. ..... .. 17.. . . . . .  
18.. ..... 

LL 2 0 . .  ..... 
2 2 . .  ..... 

f i v e r a p . .  ..... 
Sept. 6.. ..... 

" 9 . .  . . . . .  
" 10.. ..... 

11.. ..... 
" ,13. . . . . . .  
" 15., ..... 
" 16.. ..... 
" 17.. ..... 
'' 18.. ..... .. 20 . .  ..... 

2 2 . . . .  ... 
Areraper.. ...... 
Sept. 6.. ..... 

g . . . . . . .  
" 9  ....... 
(L 10.. ..... 

,11.. ..... 

- 
....... 

7 

Baate~ - 
P, 5 
P?.52* E&, 
Co ME: 
N+ I 

- 
Per C( 
Count 

- 
7 

1000 
1000 
212 

0 .. .. 
.. 
62 

3600 
140 
60 

683 

15 
800 
666 
39 
40 

- 

.. .. .. 
76 

3000 
3000 
40 

652 

16 
preade 
176 
110 
40 

- 

.. .. 
98 
480 

10000 
40 

1370 

14 

66 
80 
60 

.. 

- 
- 
preade 

I_ 

__ Oolon Bacilli O O M t l  

a Fermentation Test 
48 Hours Incubation 

4 

""""_ 
14 ...... o +  .. + + 
150 ...... + + .. + + 
136 ...... + + .. + t 

0 .. 0 o +  + "  +.. 
. . . . . .  + + + . * t - . .  . . . . . .  0 o + . *  +.. . . . . .  0 O f + * *  t.. 
26 .. 0 0 0 0 . .  0 . .  

2500 .. + + + + .. + .. 
60 .. 0 0 o f  .. + .. 
40 .. 0 0 + + .. + .. 

824 ...... + + .. -+ + 

""""_ 
415  8 ,718.  C. pe r 1 00 cc 

4 O f . .  + +  
400 ...... + + . . + +  
104 ...... 0 + .. 0 + 
54 . . . . . . + f a * + +  
20 .. 0 O +  + .. + .. . . . .  . .+++. .  +..  . . . . . .  o +  + .. + .. . . . .  0 o + + . . + . .  
35 .. 0 0 0 0 . .  + .. 

2500 .. O +  + + .. + .. 
800 .. + 0 + + ., + 
20 .. o + + + . .  +,. 

437 11 36 8. C. pe r t  00 cc 

11 ...... 0 0 . .  + + 
120 ...... + + .. + + 
48 ,.....+I-..++ 
. . . . . .  + + +  ...... 
20 .. 0 0 + f .. + .. . . . . . .  + + + . . + . .  . . . . . .  + + + . ,  +..  . . . .  0 O T + . . + . .  
62 .. 0 O +  + .. t .. 
49 .. 0 + + + .. + .. 

6000 .. 0 O +  + .. + .. 

""" "- ...... 

""""_ 
""""_ 

48 .. o o +  0 . .  0 . .  ""_"" 
66B 3 81 E. C. pe r 100 cc 

4 ...... 0 O . . + +  
24 ...... + + . . + +  
24 ...... + + . . + +  . . . . . .  + + +  ...... 
20 .. 0 0 + -t .. + .. 

""_"" 

"" 

I 

DATE 

1913 
- 
Sept. 13.. ..... 

15.. ..... .. 16.. ..... 
17.. ..... 

" 18.. ..... 
" 2 0 . .  ..... 
'( 2 2 . .  ..... 

Averqes ........ 
Sept. 6 . .  . . . . .  

" 8  ....... .. 9.. ..... 
" lo.... ... 
" 11.. ..... .. 13.. ..... 
" 16.. ..... 

17.. ..... 
" 18.. ..... 

2 0 . .  . . . . .  .. 2 2 . .  ..... 

Averrper ........ 
Sept. 6.. . . . . .  .. 8.. . . . . .  .. 9.. ..... 
(' 10.. ..... 
" 11.. ..... .. 13.. . . . . .  

17.. ..... 
" 18.. ..... 
" 2 0 . .  ..... 

2 2 . .  ..... 

- 

Averages.. ...... 
Sept. 6... .... .. 8.. ..... .. 9.. ..... 

" 10.. ..... 
11.. ..... 

" 13.. ..... 
" 16.. ..... 

17... .... 
(L 18.. ..... 
" 20. ...... 

2 2 . .  ..... 
Aivsrrpr ....... 

I 

Baeter 

Mm! 
a4 * '  
ia cl g; 
5 I .-a : 

Count 
G??; -__ 
Per CC - 

.. .. 

.. 
3500 
64 

4000 
0 

972 

16 
150 

1000 
120 

3000 

- 
- 

.. 
3100 
1500 
12000 

40 

2325 

.. 

- 

28 
200 
2000 
150 

2600 

3250 
2000 
4000 

80 

1590 

88 
1200 
3000 
150 
150 

.. 

- 
" 

.. 
720 
650 
3500 

80 

1010 

.. 

- 
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I I1 

- 

DATE 

1913 

Sept. 6.. ..... 
" 8  ....... 
" 9  ....... 
" 10.. ..... 
" 11.. ..... 

13.. ..... 
u 16. .  ..... 
6' 17.. ..... 
" 18 ....... 
6' 20 ....... 

22 ......' 

Sept. 6.. ..... .. 8.. ..... .. 9.. ..... .. lo . . . .  . . .  
" 11.. ..... .. 13.. ..... 

16. .  ..... 
17... .  ... 
18.. ..... .. 20. .  ..... .. 22. . . . . . .  

Averages.. ...... 
L_ 

Sept. 6.. ..... .. 8.. ..... 
" 9  ....... 
" 10.. ..... 

13.. ..... .. 16.. ..... .. 17.. ..... 
" 18.. ..... 
y 20. .  ..... .. 22.. ..... 

Averages. ....... 
"" 

Sept. 6.. .... 
" 8  ....... 
" 9  ....... 
" 10 ....... 
" n....... 
" 13..  ..... 

- 
12: 

Baetori! 

Per CC 
Count - 

24 
a000 
3000 
5420 

10000 .. .. 
3000 
3200 

12000 
200 

4316 
- 
- 

84 
2000 
3000 
3480 
GOO0 .. .. 
900 

5400 
12000 

200 

3852 
- 
- 

42 
2000 
3000 
4800 .. 
3600 
3800 

12000 
300 

3693 

.. 

- 

500 
3000 
5000 
6920 

10000 .. 

Counts 

48 Hours Incubation I za$ 
Formentation Test U P  

Colon Bacilli 

: 422 8700 ;:.p? 
5 5 ! E l s \ z  o v u  v 
~ t " d a  0 

p e r a c  9 

O f + + . . + . .  . . . .  
.. + .. + + + + .. .. 
.. + .. + O f  0 .. 2000 

. . . . . .  0 +  0 . . . . . .  
+ 4- .. + + ...... 5000 

+ + . . + +  ...... 200 

In ca * * I 9 Count 0 V) u 0 v * - - "_ -" - 
40 f + .. . . ' O +  .... 

700 

.. + .. + + 0 0 .. 600 

.. + .. f + + 0 .. 6000 

.. .. + + O +  .. 940 

.. 4- .. + + 0 + .. 

1983 21 3 0  E. C. cc 00 r 1 pe 
__."" - -" 
___ - - - - - - - - 

105 
650 

+ i- .. f + ...... 

.. + .. + O f  0 .. 4000 
...... + + +  . . . . . .  

f + .. + + ...... 1200 
+ + .. + + ...... 

. . . .  0 + + + .. 
+..  O + + + . .  . . . .  

* .  +- 

150 

.. + .. f -t 0 0 .. 400 

.. -+ .. -t $. + .. 15000 
* -  0 .. + + 0 0 .. 

10000 .. + .. + + + + .. 
."""" - 

3838 ce 00 r 1 pe C. B. 45 21 - _""" 
38 

+ f .. + + ...... 1500 
++..f+ ...... 

2000 + + .. + + ...... . . . . . .  + + +  

. . + + + + . . + . .  .. 
.... O + + + . .  . . . .  ...... 

12000 .. 0 +  + + 
.. + .. + -t -1- + .. loo00 
.. + .. 3000 .. + .. + O +  0 .. 

400 .. i- .. + 0 + 0 .. 
"""" - 

4134 cc 1 00 r pe C.  B. 50 23 
."""" - 

110 

. . . . . .  + + -1- i- . . . .  

. . . . . .  * . . * + + +  .. + + . . + +  ...... 2000 
+ + t.. + ...... 2000 
+ + .. + + ...... 

8000 .. + .. + O +  0 .. 

I/ 
II DATE // 1913 

II --- 
Sept.16.. ..... .. 17.. ..... 

" 18. .  ..... 
" 2 0 . .  ..... .. ..... /I 2 2 . .  

..... il "" Averages.. 

Sept. 6.. .... , 
" 8 . .  ..... 

9 . . . . .  
10. .  ..... 

" 13. .  ..... 
" 1 6 . .  ..... 
" 17 ....... 
" 18.. ..... 

20.. ..... 
(' 22.. .... 

Averages.. ..... 

Sept. 6 ....... 
(' R...... . 
" 9.. ..... 
" 10. .  ..... 
" 13. .  ..... 

16. ..... 
'( 17 ....... 
" 18. .  . . . . .  
" 20.. ..... 
'( 22.. ..... 

Averages ........ 
" 

sept. 12. .  ..... 
" 23.. ..... .. 24.. ..... 
" 26.. ..... 
" 26.. ..... 

27 ....... 
" 29.. ..... 
" 30.. ..... 

Oct. 2 . .  ..... 
Averages.. ...... 

I . .  
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DATE 

1913 

Sept. 12.. ..... .. 23.. ..... .. 24 ....... 
26.. ..... .. 2 6 . .  ..... 

" 29 . . . . . .  
30. . . . .  

Oct. 2. ...... 
Averapes ...... 

, "  2 7 .  ...... 

" 

Sept. 12.. ..... 
23 . . . . . .  

" 24 ....... 
2 6 . . . . .  .. 
26.. ..... 

" 27.. . . .  .. 29. .  ..... .. 30 ...... 
Oct. 2 . .  ..... 
Averages ....... "- 
Sept. 12.. ..... 

23 ....... 
24. .  ..... 

" 26.. ..... 
2 6 .  ..... .. 27.. . . .  .. 2 9 .  ..... .. 30.. ..... 

Oct. 2 . .  ..... 
Averales ...... 
7 

Sept. 12.. ..... 
23. .  ..... 
24.. ..... 
26 ....... 
2 6 . .  ..... 
27. .  ..... 
2 9 . .  ...... 

dl 80.. ..... 
Oct. 2 . .  ..... 
Averages.. ...... 

Bscte~ __. 

4, r" 
:&$E: 
iY.33. G&, - 
Per C( 
Count 
" 

42 
6000 
800 
2000 

3000 
5000 
3000 

.. 

6% 

2488 - 
.. 
20 
24 

1200 
800 
400 
1600 
6000 
160 

1131 - 
.. 
16 
4 

1600 
240 
1600 
250 

1500 
600 

714 
- 
_I 

.. 
8 

12 
22 
80 

3000 
400 

2000 
460 

747 
- 

DATE 

1913 
"- 
Sept. 12.. ..... 

" 23.. ..... 
" 24 ...... 

26.. . .  ... 
' I  26.. ..... 
" 2 7 . . . .  ... 

2 9 . .  ..... 
30 ....... 

Oct. 2 . .  .... 
Averapes ....... 

- 
Sept. 12 , .  ..... 

23.. ..... 
dl 26.... ... 

2 6 . .  ..... 
" 2 7 . .  ..... 
dl 29.. ..... 

30.. ..... 
Oct. 2.. ..... 
Averapes ........ 
- 
Sept. 1 2 . .  ..... 

u s a  ....... 
2 6 . .  ..... 
2 6 . .  ..... 
27. .  ..... 
2 9 . .  ..... 
so.. ..... 

Oct. 2 . .  ..... 
Arera@es.. ...... 

- 
Sept. 1 2 . .  ..... 

" 23.. ..... 
26.. ..... 
26.. ..... 
2 7 . .  ..... 
29.. ..... 

dl 30.. ..... 
Oct. 2. ...... 
Avenger.. ...... 

18b .. 
46 
16 
18 
19 
26 
37 
18 

26 
- 
" 

.86 .. 
34 
22 
24 
a2 
a2 
20 
22 

21 
- 
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DATE 

1913 
"" 

Sept. 1 2 . .  ..... 
" 2 3 . .  ..... 
" 2 5 . .  .... .. 26 ....... 

*( 2 7 . .  ..... .. 2 9 . .  ..... 
" 30 ....... 

Oct. 2 . .  .... 
Averapes. ...... 
Sept. 1 2 . .  .... 

" 2 3 . .  ..... 
" 25 ...... 
" 2 6 . .  ..... 
'( 2 7 . .  .... 
'( 2 9 . .  ..... 
" 3 0 . .  ..... 

Oct. 2 . .  ..... 
Averages.. ...... 

"- 

- 
Sept. 1 2 . .  ..... 

2 3 . .  ..... 
26. ...... 

" 2 6 . .  ..... 
2 7 . .  ..... 

" 29. ..... 
30 . .  ..... 

Oct. 2 . .  ..... 
Averages.. ...... - 
Sept. 1 2 . .  ..... 

23 . .  ..... 
25 ....... 

" 26..  ..... 
2 7 . .  ..... 
2 9 . .  ..... 
30. ...... 

oat. 2 . .  ..... 
Averages. ...... 
"" 

Sept. 12.. ..... 
" 2 3 . .  ..... 
" 25 . .  ..... 

2 6 . .  ..... 

14  18 
32 8 
44 24 
25 29 
10 110 

25 36 
" 

" 

.. 
18 14 
12 9 
16 12 

.. 

.... 0 0 0 .. 

...... o + . .  

.... 0 + + .. 

. . . . . .  O i - . .  

.... 0 + + .. 
42 B. Cali pe r l  

. . . . . .  0 -+ .. 

...... 0 0 . .  .... 0 0 0 .. .... + 0 0 .. 

""" 

""" 

" 

I I  ._ 

-t + 
" 

DO cc 
" 

-t + 
0 0  
0 0  
0 0  
+ +  
+ +  
+ +  
i- + 
" 

90 CC 
" 

-t- .f 
0 .. 
0 0  
O t  + +  
t +  
t- f 
+ +  
" 

IO cc 

t .I- 
0 0  
O +  
0 0  

" 

I 

DATE 

1913 

Sept. 2 7 . .  .... 
" 29 ...... 
" 3 0 . .  . . . .  

Oct. 2 . .  .... 
Averages. ...... 
Sept. 1 2 . .  .... 
"" 

" 23 . . . . . .  
" 25. ..... , 
" 26. ...... 
(' 2 7 . .  ..... .. 2 9 . .  ..... .. 30 ....... 

Oct. 2 . .  .... 
Averrpes.. ..... 
Sept. 1 2 . .  ..... 

" 23. ...... 
" 2 5 . .  ..... 
" 2 6 . .  ..... 

2 7 . .  ..... 
2 9 . .  ..... 

" 3 0 . .  ..... 
Oct. 2 . .  ..... 

"- 

Averages.. ...... 
Sept. 1 2 . .  ..... .. 2 3 . .  ..... 

25 ....... 
2 6 . .  ..... 

* 2 7 . .  ..... .. 2 9 . .  ..... 
3 0 . .  ..... 

Oct. 2.. ..... 

Sept. 1 2 . .  ..... .. 2 3 . .  ..... 
" 2 6 . .  ..... .. 2 6 . .  ..... .. 2 7 . .  ..... 

2 9 . .  ..... 
" 30 ....... 

Oct. 2 . .  ..... 
Averages.. ...... 

! 

_ .  
'1 

-- 
2 

- 
11.4 - 

22 
4 
8 

10 
87 
12 
6 

.. 

- 
. 21 - 

.. 
18 
6 

I) 12  
17 
9 
14 
3 

11.2 
- 
- 

bO 
14 
16 
9 

62 
19 
8 

21 

.. 

- 



DATE 

1913 

Sept. 12.. .... 
" 23. .  ..... 
" 26. .  ..... 

2 6 . .  ..... 
27. .  ..... 

" 29. .  ..... 
'' 30. .  ..... 

Oct. 2 . .  ..... 
Avcra#es.. ..... 
Sept. 1 2 . .  ..... 

2 3 . .  ..... 
(' 2 5 . .  ..... 

2 6 . .  ..... 
2 7 . .  ..... 

" 2 9 . .  ..... .. 3 0 . .  ..... 
Oct. 2 . .  ..... 

- 

Averages ........ 
Sept. 1 2 . .  .. :. . 

2 3 . . . . . .  . .. 2 6 . .  ..... .. 2 6 . .  ..... .. 2 7 . .  ..... .. 2 9 . .  ..... .. 30 ....... 
Oct. 2 . .  ..... 
Averages.. ...... 

"- 

- 
Sept. 1 2 . .  ..... .. 2 3 . .  ..... 

" 2 5 . .  ..... .. 26 ....... 
'( 2 7 . .  ..... 

2 9 . .  ..... 
30 ....... 

Oct. 2 . .  ..... 
..... - Arerl#es.. 

Sept12 ....... 
'' 23..  ..... 

2 6 . .  ..... 
2 6 . .  ..... 

. .  

Bactsr 

d 
d a v S  8 

2 
g 3 G Z  
$pi{ 

e-4 6, 

.- 
I 

Per CO m 

UdPl** 
a m - m ~  

196 . . 
62 
10 
6 
7 
8 
4 
0 

13.8 

197 .. 
14 
6 
6 
9 
6 
3 
2 

8 .  

198 .. 
8 

10 
4 

15 
4 
4 
6 

7 

" 

- 
" 

" 

" 

199 .. 
6 
2 
6 

18 
3 
9 
0 

8 
- 

-. 

200 .. 
8 

2 
0 
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I '  I ' Oonnta Colon Bacilli 

$, h- 
3 

Fermentation  Teat 
a,.g 48 Hours  Incubation 

";.923 87OQ 

2ZfiEIU 0 Z e n  
0 0 

p e r g o  
:: :: :: 0 e 8 :: g oount O ? q : s Z : Z  

. . . . . . . .  o + . .  + 
0 0  0 0 . .  ...... 8 

+ 

O f  0 . .  0 0 .... 8 
O f  0 . .  0 ...... 9 
O +  0 . .  0 0 .... 13 

O . . + +  0 ...... 8 
0 0 0 . .  0 0 .... 12 

0 0  0 0 0 . .  ..;. 11 

8 .  3.  B. Co ti pe r 1 00 cc 

. . . . . . . .  ++.. + +  
12 .. 0 0 0 0 . .  0 0 
14 .... 0 

o 0 0 . .  0 0 .... 1 4  
o 0 0 . .  0 

6 ...... ++ . .  + +  
8 .... 0 0 0 .. 0 0 
5 ...... 0 0 . .  O f  

12 .... 0 0 0 . .  O f  

8 .  25 1. Col i  pe r 1 00 cc 

. . . . . . . .  + + . . + +  
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" 5. . . . . .  
" 6...... 
... 7 . .  . . . .  
'' 8. . . . . .  
" g.. . . . .  
" 10.. . . . .  .. 12.. . . . .  
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(( 4.. . . . . .  
" 5.. . . . . .  
" 6.. . . . . .  
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" 15.. ..... 
" 16.. ..... 

Averages.. ..... ., ! 

1 
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" 8. . . . . . . 
" 9 . .  . . . , . 
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Oct.  6 . .  . . . . . 
" 8.. . . . . . 
" 9 .  . . . . . . 
" 1 3 . .  . . . . . 

Oct.  6 . .  . . . . . 
" 8. . . . . . . 
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Bacterid Counts 

DATE 

1913 
-""" 

June 1 4 . .  ..... 63c 450  430 
" 1 6 . .  ..... 200 
''. 1 7 . .  ..... 200 180 
" 1 8 . .  ..... 210 170 

.. 
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- "- 
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" 9 . .  ..... 
" 1 0 . .  ..... 
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June 2 . .  ..... 

" 3.. ..... 
'( 4. ...... 
" 6. ...... 
" 6.. ..... 
'( 7.. ..... 
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'' 14 . . . . . .  
" 16 ...... 

Averages ....... 
"" 

May 30 ...... 
" 31 ...... 

June  2 ...... 
" 3 ...... 

4 . . . . . .  
" 5 ...... 
" 6 . . . . . .  
u 7 . . . . . .  
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" 26.. ..... 

27.. ..... 
" 28.. ..... 

June 2 . .  ..... 
" 3 . .  ..... 
" 4 . .  ..... 
u 5  ....... 
' I  6 . .  ..... 
" 7. .  ..... 
" 9. .  ..... 
" 10. .  ..... .. 11.. ..... 

12. .  ..... 
'' 13.. ..... 

14. .  ..... 
" 16.. ..... 
'' 1 7 . .  ..... 
'' 18.. ..... 
" 19. .  ..... 

20.. ..... 
" 21.. ..... 
" 2 3 . . . . . . .  
" 24.. ..... 

- 

Averages.. ...... 

Bacterj 

Im-m c 

Count 
y 5 p l r c  

Per  00 

.. *. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
" 

.. .. .. 

.. .. .. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. .. 

.. 

.. .. 

.. .. 

.. .. 

.. 

.. .. .. 

Oounts 

i k' c I grn; : 4 9 0  

IWg'  
iLZ* 
LC?!? ?!E 
aount  
P e r  00 

3 
4 
3 
3 
3 
7 
4 
2 
2 
3 
4 
2 
4 
2 

4 

9 
2 
1 
5 
4 
4 
1 
6 
3 
7 
4 
2 
5 
2 
4 
4 
8 
5 
3 
2 
2 

10 
2 
2 
1 
4 
2 
1 
1 
0 

3 

- 
~~~~~ ~~~ 

I Oolon Bacilli 
Fermentation  Test 

48 Houra  Incubation 
8700 

"- 

...... ...... ...... ...... ...... . . . . . .  

...... 

.. .. ...... ...... ...... ...... 

...... ...... 
"- 
0 

c 9 .  .. 
B.  . 3  "- 

...... 

...... ...... ...... 

...... ...... 

...... 

...... ...... 

...... 

...... 

...... ...... 

...... 

...... . . . . . .  

. . . . . .  ...... ...... 

...... 

..... 

. . . . .  . . . . .  ..... . . . . .  

..... ..... . . . . .  

..... "_ 
O B .  C 

u w  : z  
" 

0 

.. 0 

.. 0 

.. 0 

.. 

.... 

.... 
0 

.. 0 

.. 
.... 
.... 
.... 
.... 
.... .... 
" 

:. Qe 
" 

0 

.. 0 

.. 0 

.. 0 

.. 0 

.. 0 
* .  0 
.. 0 
.. 0 
.. 0 
.. 0 
.. 0 
.. 0 
.. 0 
* *  0 
.. 0 
.. 0 
.. 0 
.. 0 
.. 0 
.. 

.... 

.... 
0 .. 
.... .... 
.... .... .... 
.... .... 
" 

li PI 
__ 

I 
a u u  
;kxg 
. ( N U )  "- 
0 

.... 0 

.... 0 

.... 0 

.... 0 

. . . .  0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 

1 00 C G  

0 .... 
0 .... 
0 .... 
0 .... 
0 ..... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
0 
0 
.... 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 0 

.... 

0 .... 
rl 00 cc 

"- 
"- 

"_ 

17 
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~~ ~~ 
~~ 

.~~ ~~ ~ .~ ~ ~- ~ 

~~ 

' I  

DATE 

1913 

E. 1 Uolon Bacilli II Bacter 

:3E8+  
Count 
Per CC 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

., 

., 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
- .. 

DATE 

1913 I - 
June 9.. ..... 

10.. ..... 
11.. ..... 

" 12.. ..... 
" 13.. ..... 
" 14.. ..... 
" 16.. ..... 
" 17.. ..... 

d Fermentation  Test 
- 2  

a g m.g 48 Hours Incubation 
37oc 

" 

" """"_ 
10 .... 0 0 .. 0 .... 
7 ...... o . . o  .... 
4 . . . . . .  o . . o  . . . .  
4 ...... o . . o  .... 
4 ...... o . . o  . . . .  

13 ...... 0 .. 0 .... 
4 ...... o . . o  .... 
4 ...... 0 .. 0 .... 
7 ...... 0 . . 6  .... 

10 ...... 0 .. 0 .... 
4 o . . o  
4 o . . o  
3 o . . o  
3 ...... o . . o  .... 
3 ...... o . . o  .... 
7 ...... o . . +  .... 
3 o . . o  
4 ...... o . . o  .... 
3 ...... o . . +  .... 
3 ...... o . . o  
2 .......... 0 .... 
4 ...... o . . o  
1 o . . o  
2 .......... 0 .... 
1 .......... 0 .... 
4 .......... 0 .... 
2 .......... 0 .... 
4 .......... 0 .... 
3 .......... 0 .... 
2 .......... 0 .... 

...... .... 

. . . . . .  .... 

...... .... 

...... .... 

.... 

.... 
...... .... 

"" """ 

4 O . B B . C . p e r l 0 0 c c  """""_ 
18 o o . . o . . o  .... 
22 .. 0 0 o . . +  .... 

233 .... 0 + .. + .... 
171 .... + + .. + .... 
82 .... o + . . +  .... 

790 .. 0 + + .. + .... 
600 .... + + .. + .... 
850 .... -1- + .. + .... 
770 .. 0 + + ........ 
540 .. 0 + + ........ 
450 .. 0 + + ......... 
720 .. 0 + + ........ 
270 .. 0 0 + ........ 

3070 .. + + + ........ . 2270 .. o + + ........ 

1470 .. + + + ........ 

1230 .. 0 0 + ........ 

- ~~ ~ 

2 Fermentation Test 

4:: 
,.: 48 Hours Incubation 

$V.-"Z$ 37oc 

k o & ~ $ ~ : : : : ~ ~ :  3 0  
$-;.$> TL"--- 

. r ( V ) r l N V )  

1400 .. 0 4- + . . . . . . . .  
1310 .. 0 0 + . . . . . . . .  
140 .. 0 0 -+- . . . . . . . .  
210 .. 0 0 + ........ 
290 .... + + . . . . . . . .  
230 .... + + . . . . . . . .  
370 .... 0 + .. . . . . . .  

7320 .. 0 + + ........ 
1150 .. 0 i- + ........ 
1210 .. 0 + 3- ......... 
232 .. 0 + + . . . . . . . .  
47 .. 0 o +  ........ 

212 .. 0 -1- + . . . . . . . .  

280 .. 0 +- + . . . . . . . .  

""""" 

971 126 0. B .  C .  p e  r l  00 cc 

0 0 . .  0 . .  -1 . . .. 
.... o o . . +  .... 
. . . .  o o . . +  .... .... o o . . +  . . . .  
. . . . . .  o . . o  .... 
. . . . . .  o . . o  .... 
...... o . . o  .... ...... O . . +  .... ...... o . . o  .... ...... 0 . .  0 .... 
...... 0 . .  0 . .  .. 
...... 0 .. -1- .... ...... o . . o  .... ...... + .. -1- .... 
...... o . . +  .... ...... +- .. + .... .... o o . . +  .... 
.... 0 0 . .  0 .... 
.... 0 0 . .  0 .... ...... o . . o  .... 
...... o . . +  .... 

72 ...... 0 .. + .... 
25 ...... 0 .. 0 .... 
66 ...... 0 .. 0 .... 

278 ...... + .. 't .... 
57 ...... 0 .. + .... 
30 ...... 0 .. + ..... 
39 ...... 0 .. + .... 
33 ...... 0 .. -t .... 

4 ...... o . . +  .... 
42 ...... 0 .. + .... 
28 1 4 . B . C . p e r l O O c c  

""""" 

"-""" 
- -~ 

a m - <  
H 3k: 

coull 
Per 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

" 

May 6... ... 
" 17.. .... 
" 18... ... .. 19.. .... 
(' 22 . .  .... 
" 2 3 . .  .... 
" 24.. .... .. 26.. ..... 
'' 27.. ..... 
" 28.. ..... 

June 2.. ..... 
" 3 . .  ..... 
" 4.. ..... 
" 6 .  ...... 
" 6. ...... 
'( 7 .  ...... 
" 9.. ..... 
" 10.. ..... 
" 11.. ..... 
" 12.. ..... 
" 13.. ..... 

! " 14.. ..... 
" 16.. ..... 
" 17.. ..... 
" 18.. ..... 
" 19.. ..... " 20.. ..... " 21.. ..... 

23....... 
" 24.. ..... 

Averages.. ..... .I 

I 

I( ;; 19.  18.. ...... 
..... I 

" 20.. ..... 
" 21.. ..... 
'' 23.. ..... 
'' 24.. ..... 

" 

" 

Averages.. ...... 

16. ...... .. 17.. ..... .. 18.. ..... .. 19.. ..... .. 22.. ..... .. 23.. ..... .. 24.. . . . . .  .. 26.. ..... 
" 27.. ..... .. 28.. ..... 

June 2. ....... 
" 3  ....... 
" 4  ....... 
" 6  ....... .. 6 . .  ..... .. 7. .  ..... .. 9.. ..... .. 10.. ..... 

11.. ..... .. 12.. ..... .. 13.. ..... .. 14.. ..... 
16.. ..... .. 17.. ..... 

" 18.. ..... .. 19.. ..... 

' 

- 
.. 
.. 
.. 
.. 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. .. .. .. .. .. 
- .. 

13 
5 

15 
1 4  
6 
9 
9 

12 
4 
5 
8 
9 
8 

19 
19 
42 
7 
5 
14 
7 

I 

I 

May 6.. 
" 16.. ..... 1: 

" 26.. ..... " 24.. ..... " 23.. ..... I' 22.. ..... " 19.. ..... " 18.. ..... 
" 17....... 

'' 28.. ..... " 27 ....... 
June 2.. ..... 

" 3.. ..... 
" 4  ....... 
" 6  ....... 
" 6  ....... 
" 7  ....... 

- ..... .. 
.. 
.. 
.. .. 
.. .. .. .. .. 
.. .. .. 
I. .. .. .. 

" 20.. ..... 
" 21.. ..... 
" 23.. ..... 
" 24.. ..... 

Averages. - ....... ~ I ~~~ ~ 
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.- 

Oolon Bacilli 

48 Hours Incubation 
Fermentation  Test 

37OU 

I___- 

DATE 

' 1913 

Fermentation Test 
Oolon Bacilli 

48 Hours Incubation 
37oc * 

" 
Counts 

$ 2  
i 2;; 
; 0.9 2 
> o  CD $t"* 

Per C( 
Count 

rm-a-9 ' 

" 

1 
88 

5 
7 
6 
9 
6 
6 

14 
4 
5 
6 
2 

10 
7 
6 
7 
6 
4 
4 
4 
2 

9 
- 

" 

L 
4 
1 

10 
6 
9 

10 
11 
6 
7 

11 
26 

2 
1 

14 
6 

8 
" 

"" 
Bacter 

'0 d 
zq 2' 
%J2 m 
I .f3 2' 

Count 
3p-( d I 

Per C( 

o ~ m . '  

" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
, .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
* .  
.. 
.. .. 
.. 
.. 
.. 
.. 
.. 
.. 

~ 

.. 

" 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

Oounts 
I_ .~ 

' h* : 

"2 2; 
!%Z 22 
o e  i 

Count 
Per GO 
" 

4 
7 

52 
5 

11 
8 
8 
3 
3 
2 
7 

46 
32 
12 

4 
11 
8 
4 
2 
2 

14 
24 

5 
6 

76 
2 
6 
3 
4 
6 

13 
- 

- 

7 
9 
3 

27 
5 

18 
4 
2 
6 

DATE 
"_ 

a 
0 
10 - 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
,. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 

,. 
,. 
, .  
,. 
.. 
,. 
* .  
- 
:C 

- 

.. 

.. 

.. 
9 .  

.. .. 

.. 

.. .. 

U v c  
2 :  
? =  
" 

.. * .. * 

... 

.. 

. . .  

.. * 

.. - .. * 

.. * 

. . .  

. . .  . . .  

.. * 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
. . .  
... 
" 

. 6  

" 

... 

. . .  

. . .  . . .  

. . .  ... 

... . . .  
,. .. .... 
,. * <  
,. ., 
I .  . I  

I .  . 
I .  . 
" 

12 B 

; d f Z  
4 r n d C l u )  "_" 

.. 0 .... .. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

. .  
* .  
.. 
.. 
.. 
.. 
I .  

,. 
.. 

-. 

" 

,. 
I .  

- 

V 

c! - 

0 
.# 

., 

. ,  

.. .. 

.. 

. ,  
. I  

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

- 
I. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(1 
(1 

co 
- 

1913 
"" 

May 27 ....... 
" 28.. .... 

June 2.. .... 
" 3  ....... 
" 4 . .  . . . . .  
" 6.. ..... 
<' 6.. ..... 
'( 7. . . . . . .  
" 9. ...... .. 10.. ..... 
" 11.. . . . . .  
(' 12.. .... 
" 13.. ..... 

14.. ..... 
" 16 ....... 
" 17.. .... 
" 18.. .... 
" 19.. .... 
" 20.. . . . . .  
" 21.. .... 
" 23.. ..... 
" 24.. ..... 

Averages.. ...... 

0" 
r! 
- 

.. 

.. .. 

.. .. 

.. 

.. 

.. 

.. 
* .  
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 

,. 
,. 
.. 
,. 
0 
0 

:0 

- 

(I .. 
,. .. 
.. 
.. 
.. .. 

, o  
, o  

" 

0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 . .  
0 .  
0 . ,  
0 . ,  

0 .  
0 . I  

0 . I  

0 . ,  

0 . I  

0 . I  

0 . ,  
0 .  
0 . I  

3 .. 
) .. 
1 .. 
1 .. 
1 .. 
1 .. 
1 .. 
1 .. 

.. 

.. 
" 

pe 

" 

D .. 
D .. 
0 .. 
D .. 
D .. 
D .. 
0 .. 
0 .. 
D .. 

" 

. 1  

. -  

1: 

May 16 ....... 
" 17...... . 
" 18.. ..... 
" 19.. ..... 
(( 22.. ..... 
" 23 ......, 
'' 24 . . . . . .  
" 26 ....... 
(' 27.. .... 
'' 28.. ..... 

June 2 . .  .... 
" 3.. ..... 
" 4.. . . . . .  
" 5.. . . . . .  
" 6. , . . , . . 

7. . . . . . .  
" 9. . . . . . .  
" 10.. ..... 
" 11.. . . . . .  
" 12.. ..... 
" 13.. ..... 
I' 14. . . . . . .  
" 16.. ..... 
" 17. ...... 
I' 18.. ..... 
" 19. ...... 
" 20.. ..... 
" 21.. ..... 
" 23 ....... 
" 24.. ..... 

Averages.. ...... 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 .  
0 ,  
0 .  
0 ,  
0 

) .  
" 

" 

1 .  

) .  
) .  
1 .  
1 .  
1 .  

1 .  
3 .  
D .  

D .  
0 .  
0 .  
" 

I 

0 .... 
0 . . . .  
0 . . . .  
0 .... 
0 . . . .  
0 .... 
0 .... 
0 .... 
0 . . . .  
0 .... 
0 . . . .  
0 . .  e. 

0 . . . .  
0 .... 
0.. .. 
+ .... 
0 .... 
0 . .  .. 
0 . . . .  
0 .... 
0 . .  .. 

* 1  no cc 

1 

"- 

--- 

t- .... 
+ .... 
+ .... 
0 .. 1 .  

-t .... 
+ .... 
0 .... 
+ .... 
+ . . . .  
+ .... 
+ .... 
+ .... 
0 .... 
0 .... 
+ .... 
r l  OOcc 
"- 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

- 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. .. 

.. 

.. .. 

.. 

.. 
* .  
.. 
- 

I July 11.. ..... 
" 12....... 
" 14 ....... 
" 16 ....... .. 16.. ..... 
'( 17.. ..... 
" 18.. ..... 
" 19.. ..... 

22.. ..... 
<' 23 ....... 
'' 24. ...... 
" 25 ....... 
'' 26 ....... 
" 28. ...... 
" 29 ....... 

May 5.. ..... 
16 ....... 

" 17.. ..... 
18.. ..... 

" 19.. ..... 
" 22.. ..... 
" 23.. ..... 
" 24.. ..... 
" 26.. ..... Averages.. ..... , 
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Bacteri 

d - F  g t,.s 2 4  8 %  
2 .gst 

~~ 25 ~ %: 
Per CC 
Count 

" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

Counts  Colon  Bacilli 
i c _  Fermentation  Test 

. $303  37oc 

i m n  "I" :: UU 
Count 0 0 0 

P e r c C  0 0 I 4 5 

m.$ 
48 Hours  Incubation 

+ p Z  ~ . ~ a t " *  El e 

10 .... 0 + .. ~ 

10 .... 0 i- .. 
16 .... 0 i- . . .  
2 .... 0 + . . .  

18 .... 0 0 . . .  
21 .... 0 0 .. ~ 

11 .... 0 0 . . .  
3 .... 0 -t . . .  

15 .... 0 0 .. 
6 .... 0 0 ... 

15 .... 0 0 .. 
42 ., .. 0 t- .. 
8 .... 0 0 . . .  

15 .... 0 I- .. ~ 

7 .... 0 0 .. 
13 1 5 .  E. C .  p e r  

- 

"- - - - - - 

4 . . . . . .  0 . .  
4 . . . . . .  0 . .  

17 ...... 0 .. 
3 . . . . . .  0 . .  

38 . . . . . .  0 .. 
11 . . . . . .  0 .. 
5 ...... 0 . .  

10 ...... 0 .. 
4 . . . . . .  0 . .  
6 . ..... 0 . .  
6 . . . . . .  0 . .  
5 . . . . . .  0.: 
6 . . . . . .  0 . .  

12 ...... 0 .. ~ 

0 . . . . . .  + . . -  
5 . . . . . .  0 .. ~ 

4 . . . . . .  0 . .  
1 0  . . . . . .  0 .. 
5 . . . . . .  0 .. " 
3 . . . . . .  4- .. 

14 . . . . . .  0 .. 
42 . . . . . .  0 .. 
38 . . . . . .  0 .. 
12 . . . . . .  0 .. 
7 . . . . . .  o . . ,  

10 . . . . . . . . . .  1 

- 

Uolon Bacilli 
Fermentation  Test 

48 Hours Incubation 
8700 DATE 

1913 

DATE 

1913 

July 11.. ..... 
" 1 2 . . . . . . .  .. 14. .  ..... 
" 1 5  ....... .. 16. . . . . . .  
" 17 ....... 
" 18 ....... .. 19. .  ..... .. 22.. ..... 
'' 23 ....... .. 24. . .  .... 
" 2 5 . .  ..... 
" 26 ....... 
" 2 8 . . . . . . .  
" 29.. .... 

Averages. ...... 
"" 

May 16 ...... 
" 17. .  .... 
" 18 ...... 
" 19 ...... 
is 22.. .... 
" 23.. .... 
" 24.. .... 
" 26.. .... 
'( 27 ...... .. 28.. .... 

June  2. .  .... 
'' 3. .  ..... 
' I  4. ...... .. 5 .  . . . . . .  
" 6 .  . . . . . .  

7. . . . . . .  .. 9 .  . . . . . .  
" 1 0 . .  . . . . .  
" 11.. ..... 
" 1 2 . .  ..... .. 13.. ..... .. 14. .  ..... 
" 16. .  ..... .. 17. .  ..... .. 18. .  ..... .. 19. .  ..... 

" 

2 - 0  

4 - m  
: g o '  
--- 

I 
t- 

. . .. 

.... 
1 . . . .  
t . . . .  
+ .... 
t .. ,. 
t 

.... 0 
,. .. 

t .... 
1 .... 
t- . . . .  
t . . . .  
t .... 
+ . . . .  
,1  00 cc  

.... 

"_ 

"_ 

0 

. . . .  0 
.. 0 . .  
.. 0 . .  

.... 0 

. . . .  0 

. . . .  0 

. . . .  0 

. . . .  

01.. 
o!.. 

.. 

.. 01.. 

.. 
1 .... 
i- 

. . . .  + 

. . . .  
t . . . .  
c . . . .  
0 . . . .  
01.. . . . .  t 

.. 
0 . . . .  
0 . . . .  
0 . . . .  
0 .... 
1 . . . .  
0 .... 

01.. .. 

__ 
0 

3 I - l  
:::: 
3 9  
" 

.... .... .. I .  

.... 
-- 
5 .  B. 

" 

.... 

.... 

. . . .  

. . .  

. . .  . . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  
" 

7.  B. 

" 

.... 

.... 

.... 

.... 

. . . .  

. . . .  

. . . .  . . . .  

.... 

. . . .  

. . . .  

.... 

. . . .  

. . . .  
" 

1 5 .  

0 e " Z :  s 4 : s s s  ""_ 
. . . . .  

.. 0 .. 0 ,. .. 0 .. 0 ,. 
0 . .  

. 0 .. + 

00 r l  pe  Ii :o 

.. ""_ 

-"" 

0 

., i 0 + . .  

., + .. 4- 0 

., + .. + 0 

., + .. -t 0 

., 0 .. 0 0 

., + .. + 0 

. I  + .. 0 0 

. ,  i .. 0 0 

. ,  i; 0 . .  0 
, -1- .. + 0 

4-. 0 . .  0 
.. 0 .. 0 0 
.. + .. + 0 
.. + .. 0 

i o  t i  pe  r l  01 
""- 

"_" 

0 

. . 4- . . "1- t 

.. + 0 . .  0 

.. + .. 0 0 
,. 0 0 . .  0 
.. -t 0 . .  0 
.. 4 .. 0 0 
.. -1 .. -1- 0 
.. + .. 0 0 
.. 3- 0 .. 0 
... f 0 .. 0 
.. + .. 0 

0 0 .. + ,. 
0 0 .. -t .. 
0 0 .. 4- .. 

1 .  C .  pe r l  00 
""_ 

1 

l- 
June 2 0 . .  ..... 

" 21.. ..... 
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" 2 9 . .  ..... 
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.. .. 
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1 4  
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11 

t .. 

.. 

.. 

.. 

.. 

.. .. 

.. 
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Field Laboratory F 

DATE 

1913 

May 12 ....... 
" 1 3 . .  ..... 
" 1 6 . . . . . . .  
'' 1 7 . .  ..... 
" 20.. ..... 
" 2 1 . .  ..... 
" 23.. ..... 
" 2 4 . .  ..... 

26 ....... 
" 2 7 . .  ..... 
" 28 ....... 
" 29.. ..... 
" 31.. ..... 

June 2.. ..... 
" 3 . .  ..... 
" 4 . .  ..... 
" 5. .  ..... 
'' 6 .  ...... 
( 6  7. ...... 
" 9 .  ...... 
(' 1 0 . .  ..... 
" 11.. ..... 
" 12 ....... 
" 13 ....... 

1 4 . .  ..... 
" 1 6 . .  ..... 
'' 17 ....... 
" 18.. ..... 
'' 1 9 . .  ..... 
" 20.. ..... 
" 21.. ..... 
" 23.. ..... 
" 2 4 . .  ..... 

Averages.. ...... 

~- Batter 

count 
Per C( 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
* +  .. 
.. 
,. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 

"" 
uounta 

l i  &,, g D m ,  

$R-" * 'Q.5 2' 4 ;  

-CFk?! 
Count 
Per C( 
" 

700 
1100 

11700 
8000 
2900 
1480 
2800 
1210 
1830 
3890 
3500 
3850 
1950 
1440 
740 

3390 
13160 
15100 
30500 
9200 
2550 
4330 
2980 
3210 
2980 
1920 
2980 
970 
240 

5780 
3100 
2570 
2520 

4879 

- I  
ports. Laboratory at Buffalo, N.Y. Waters of the Niagara River. 

Fermentation  Test 
Colon Bacilli 

48 Hours Incubation 
37oc DATE 

1913 
"" 

May 1 6 . .  .... 
" 1 7 . .  ..... .. 2 0 . .  ..... 
(' 21. .  ..... .. 2 3 . .  .... 
" 2 4 . .  .... 
" 2 6 . .  ..... 
'( 27.. .... 
" 28.. .... 
" 29.. . . . . .  
" 31  ....... 

June 2.. .... 
" 3  ....... .. 4 .  ...... .. 5.. ..... 
" 6  ....... 

7 . .  ..... 
" 9. ...... 
" 10..  . .... .. 11.. ..... 
" 12.. .... .. 1 3 . .  . . . . .  
u 14 . . . . . . .  
" 1 6 . .  ..... 
" 17....... 
'' 1 8 . .  ..... 
" 1 9 . .  ..... 
" 2 0 . .  . . . . .  .. 21.. ..... 
" 23 ....... 
(' 2 4 . .  ..... 

Averages.. ...... 

" 

- 

"" 
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d, a "  5 
m-4 2 dm ($0, 

&J.aa 
42z91 
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" 

.. .. .. 

.. 

.. 

.. 

.. .. 
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d c " d l  
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" 
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740 
870 

1240 
1240 
1620 
1520 
920 
740 
980 
660 
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1150 
2390 
2320 
1870 
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1220 
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2690 
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1170 
2790 
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3850 
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1680 
2230 

1576 

- 

Fermentation  Test 
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8700 
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DATE 

1913 
- 

May  12. .  ..... 1 
" 13 . .  . . . . .  
" 17..  ..... 
'& 20. .  ..... 
" 21..  ..... 
" 23.. ..... 
'' 24.. ..... 
" 26. .  ..... 
'' 27. .  ..... 
" 28. .  . . . . .  
" 29.. ..... 
" 31.. ..... 

June 2 . .  ..... 
" 3 .  . . . . . .  
" 4 .  . . . . . .  
" 5. .  . . . . .  
" 6 .  . . . . . .  
(' 7 . .  . . . . .  
'* 9 .  . . . . . .  
' j 10 . .  . . . . .  

" 16 . .  ..... 1 

" 11 . . . . .  
" 12 . . . . .  
" 13 . . . . .  
" 14.  . . . .  
" 16 ..... 
" 17. .... 
" 18. .  . . . .  
" 19 . .  .... 
" 20. .  . . . .  
" 21 ...... 
" 23.. .... 
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" 
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&' 21..  ..... 
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'' 24. .  . . . . .  
" 26.. ..... 
" 27..  . . . . .  
" 28. .  . . . . .  
i' 29.. . . . . .  
" 31..  ..... 

June 2 . .  ..... 
" 3. . . . . . .  
" 4 . .  . . . . .  
" 5.. . . . . .  
" 6 . .  . . . . .  
" 7 .  . . . . . .  
" 9. . . . . . .  
" 10 . .  . . . . .  
" 11.. ..... 
" 12 . .  . . . . .  
" 13 . .  . . . . .  
'' 14 . .  ..... 
" 16 . .  ..... 

17..  ..... 
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" 20. .  . . . . .  
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8 . . . . . .  0 . . 0  . . . .  
5 . . . . . .  0 . . 0  . . . .  
4 . . . . . .  0 . . 0  . . . .  
2 . . . . . .  0 . . 0  . . . .  
4 . . . . . .  0 .. 0 . . I . .  
2 . . . . . .  0 .. 0 . . I . .  
9 . . . . . .  0 . . 0  

4 . . . . . .  0 . .  0 . . . .  
5 . . . . . .  -1- .. -4- . . . .  
5 . . . . . .  O ' . .  0 . . l . .  
5 . . . . . .  0 . . 0  . . . .  
3 . . . . . .  0 . . 0  . . . .  
4 . . . . . .  0 .. -+ . . . .  
5 . . . . . .  0 . . 0  . . . .  
11 0 .. 1 . . . .  
4 . . . .  .. 0 . . . .  
5 . . . . . .  0 . . 0  . . . .  
8 . . . . . .  0 . . 0  . . . .  
2 . . . . . . . . . .  0 . . . .  
1 . . . . . .  0 . . +  . . . .  
1 . . . . . .  0 . . 0  
2 . . . . . .  0 . .  0 . . . .  
3 . . . .  0 .. 0 . . . .  
6 1 . 8 . C o l i  

, 

. . . .  
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.. 
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.. * .  
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.. 
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* .  
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.. 

.. 

.. 

,. 
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:C 

W 

2 2  
9 1  

_" 

. . .  0 

. . .  0 

. . .  0 

. . .  0 

. . .  0 

. . .  0 
, .. 0 
. . .  0 
. . .  0 
. . .  0 
. . .  0 
. . .  0 
. . .  0 
. . .  f 

. . .  0 

5 .  B .  
_" 
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e 
. . .  0 
. . .  c 
. . .  c 
. . .  c 
. . .  0 
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" 
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0 .. 
0 .. + . I 
+ .. 
0 ., 
-t .. 
+ . 
-1- . 
4 . 

I .. 
i- ,. 
I- .. 
t .. 
0 .. 
I- .. 
+ .. 
f. .. 
t .. 
1 O[ 
" 

0 0  

o m  
, 4 @ 4  

" 0  

_" 

, 4 .. 
. i .. 
, i- .. 
. -1- . . 
, - 1 -  . . 
. -i- . . 
. ~1 .. 
. - t -  . . 
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. -I- . . 
. i .. 
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. J . .  

. . #  
"- 
e r l  01 

"- 

. +/.  

. 4 . 
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. -i- . 
, t .. 
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. 0 .. 
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. t .. 
. - t ~  . . 
. + .. . ~ 1 .  .. 
e r l  01 
"_ 

I 

July 11.. ..... 134a 
" 12..  ..... 
" 14.  . . . . . .  
" 1 5 . .  . . . . .  
" 1 6 . .  . . . . .  
" 17 . .  ..... 
" 18.. ..... 
'* 19 . .  ..... 
'i 22. .  ..... 
(' 23 ....... 
'' 24. .  ..... 

25..  ..... 
" 26.. ..... 
" 28. .  . . . . .  
" 29. .  . . . . .  I 

May 12 . .  ..... 
" 13 . .  . . . . .  
" 16.. ..... 
" 17.. ..... 
" 20. .  . . . . .  
" 21.. ..... 
" 23. .  ..... 
" 24.. ..... 
" 26..  ..... 
" 27 ....... 
" 28..  . . . . .  
" 29. .  . . . . .  
" 31. .  ..... 

June 2 . .  ..... 
" 3 .  . . . . . .  
" 4 .  . . . . . .  
" 5 . .  ..... 
" 6 . .  ..... 
'* 7 . ,  . . . . .  
" 9 . .  ..... 
" 1 0 . .  ..... 
" 11.. . . . . .  

12 . .  ..... 
" 13 . .  . . . . .  
'( 14..  . . . . .  
" 1 6 . .  ..... 
" 1 7 . .  ..... 
" 18 . .  ..... 
" 19. .  ..... 
" 2 0 . .  . . . . .  
" 21.. ..... 
'' 23..  ..... 
'( 24..  ..... 

Averages. ....... 

.. 
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.. 

.. 

., 

.. 

.. 

.. 
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" 
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2 
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" 1s.. . . . . .  
" 19 . .  . . . . .  
<' 22., ..... 
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" 2 3 . .  . . . . .  I 

Averages.. ...... 
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DATE 

1913 
- 
May 1 2 . .  ..... 

" 13.. ..... 
16.. ..... 

" 1 7 . .  ..... 
" 20 . .  ..... 
" 21 ....... 
" 23.. ..... 
I' 24.... ... 
" 26 ....... 
" 27 ....... 
" 28 ....... 
" 2 9 . .  ..... 
" 31 ....... 

J u n e   2 . .  ..... 
" 3.. ..... 
" 4.. ..... 
'( 5. .  ..... .. 6.. ..... 
(' 7 . .  ..... 
" 9 . .  ..... 
" 10.. ..... 
" 11.. ..... 
" 12.. .... 
" 13.. .... 
'' 14.. ..... 
" 16.. .... 
" 17.. .... 
" 18.. .... 
" 1 9 . .  .... 
" 2 0 . .  ..... 

2 3 . . . . . .  
" 24 ...... 
" 2 6 . .  ..... 
" 2 6 . . . . . .  
" 27 ... :.. 
" 2 8 . .  .... 
" 30.. .... 

July 1 . .  .... .. 2 . . . . . .  
" 3 . . . . . .  
" 5 . . . . . .  
'L 7 .  ..... 
" s . . . . . .  .. g...... 
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" 16.. .... 
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5 
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3 
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3 
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I '  
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42 .. ., 
73 .... 

291 .... 
97 .... 
45 . . .  
43 . . .  
13 . . .  
50 ... 
17 . . .  
37 13 1 

12 .... 

"" 

I 

" 

) 0 0  
! : :g 

0 0 . .  
0 
. ., + 

.. + + 

.. + 

0 + .. 
0 + .. 
0 4- 

0 . .  0 
.. 

.. 0 . 0 . .  0 
0 . .  0 
., + 0 
.. + 0 

0 . '  0 
0 .  0 
0 .  0 
0 .  0 

0 + .  
.. + 0 
.. + 0 
.. 0 . 

.. 0 .  
0 0 .  
0 0 .  
0 0 .  
O + .  
0 0 .  
0 0 .  
0 0 .  
0 +- . 
0 - t .  
0 + .  
O + .  
O + .  
0 -+ . 
0 0 .  
0 4- . 
0 0 ,  
i- + . 
O f .  

3 + .  
+ + .  

"_ 

- 

- 2 

0 

.... + .. 0 0 

.... + .. + 0 

.... + .. 4- 0 

.... + .. + 0 
:. .. + .. + 

+- + .. + .... 
B. C.  cc 00 1 pe r 
""" 

::g 

+ .... 
4- 

.* + 

.... + 

.... 
.. -+ .... 

+ .... 
+ .. *. 
0 .... 
f .... 
f .... 
f .. *. 
+ .... 
+ .... 
+ .... 
+ .... 
+ .... 
-+ .... 
+ .... 
+ .... 
+ . . . .  
0 .... 
0 .... 
t .... 
+ .... 
-1- .... 
-t .... 
+ .... 
i- .... 
+ .... + .... 
+ .... 
+ ;. .. 
+ .... 
+ .... 
+ .... 
0 .... + .... 
+ .. ,. 
+ . . . .  + .... 
+ .... 
+ .... 
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DATE 

1913 

May 12.. ..... 
" 13. .  ..... 
'' 16. .  ..... 
'' 17. .  ..... .. 20.. ..... 
" 21.. ..... 
" 23.. ..... 
(' 24.. ..... 
" 26.. ..... 
46 27. 
" 28.. ..... 
" 29.. ..... 
" 31.. ..... 

June 2 . . . . . . .  
I' 3.. ..... 
* 4  ....... 
" 5 . .  ..... 
" 6 . .  ..... 
" 7 . .  ..... 
" 9 . .  ..... 
" 10. .  ..... 
" 11.. ..... 
" 12. .  ..... 
" 13 ....... .. 14. .  ..... .. 16. .  .... 
" 17. ..... 
I' 18 ...... 
" 19.. .... 
" 20.. .... 
" 23.. .... 
'( 24.. .... 
" 25 ...... 
' I  26. .  .... 

.27 . . . . . .  
" 28.. .... 
" 30 . .  .... 

...... 

lacteri 

* f i  
- 
' G m 2  

lount 
'er CO 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. .. 

.. 

.. 
*. 
.. 
.. 
.. .. 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. 
.. .. 

!aunts - 
g s  

3 fi 0% 
3 $3 

0 0 

Daunt 
?er 00 
" 

420 
259 
890 

1060 
770 
820 

1020 
1280 
550 

2060 
710 

1190 
920 
940 
790 

3590 
2860 
2060 
3600 
2340 
2280 
1180 
1090 
2210 
1100 
1290 
1770 
970 

4780 
3720 
910 

1610 
1870 
1910 
1770 
3820 
890 

i 41 

, -  

1: 
0 
9 
" 

*. .. 
.. 
.. 

C 

Colon Bacilli 
Fermentation Test 
3 Houra Incubation 

3 7 o c  

U 

Z " "  ? ; s  

.. 
O + +  

+ + .. + + 

++i 
I + + +  
I o + +  
) + S t  
) + + - i  
) + + - I  
)+-ti 
' + i i  
) + - t i  
) + i  -1  
) 0 4 - .  
) + + - I  
- o i - - I  
) + + - I  
I + + "  
I + + .  
I + + .  
I + + - .  
3 o + .  
3 O + .  
3 0-1" 
D + 4- . 
Di-+. 
o + + .  
O + + .  

-I- 
" 

" U  
" 0  
rJd 

" 

.. + .. 
+ 

.... 

.. ,. 

.... 

- 

" " 
Lo 

. -  

-I ' 
I 

; 

k 

.... o +  0 

. . . .  i- -t 0 

. . . .  + + 0 
.. o + . .  0 

o + .  0 
. . I  + + t 

o + . .  0 
.. + -k 0 
.. + -1- 

* * I  
* * I  .., 
. . I  

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. 

.. .. 

.. .. .. 

.. ,:: 
. . .  

I: 

' I  

, .  

, .  
, .  
I .  

I .  

, .  . .  
* .  
. .  
. .  
. .  
. .  
. .  
. .  . .  
. .  
. .  
. ,  
. ,  
. ,  

. /  

DATE 

1913 
"- 
July 1.. ..... .. 2. .  ..... 
" 3..  ..... 
" 5. .  ..... 
" 7. .  ..... .. 8. .  ..... 
" 9 .  ...... 
" 10.. ..... .. 11 ....... 
'$ 12. .  ..... 
" 14. .  ..... 
" 16. .  ..... 

Averages.. ...... 

May 12 ....... 
" 13 ....... 

1 6  ......, 
" 20.. .... 
" 21.. .... 
" 2 4 . .  .... 
" 26. ..... 
" 27.. .... 

28. ..... .. 29.. .... .. 31. .  .... 
June 2 . .  .... 

" 3 . . . . . .  
4...... 
6 . . . . . .  

" 6 . . . . . .  
u T...... 
" 9 . .  .... .. 10. .  .... 
" 11.. . . . .  

Averages.. ..... 

Bacteri 
~~ .- 

> g  M m.2 a 

3ount 
'er CO - 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. - 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

., 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 
- .. 

hunts 

2160 
3820 
3270 
2890 
1400 
5330 
5090 
4050 
4120 
2910 
2190 
3800 

Fermentation Test 
Colon Bacilli 

48 Hours Incubation 
3 7 o c  

1627 

, 
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Colon Bacilli 
Fermentation Test 

46 Hours Incubation 
3700 

:in1 - 
I 

Bacte~ 
~~ ~ 

i 

Oount 
Per CC 
" 

.. 

.. 

.. 
* .  
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 

DATE 

1913 

DATE 

1913 

May   12 . .  .... 
" 13 . .  ..... 
" 16 . .  ..... 
" 20. .  ..... 
li 21. .  . . . . .  
" 2 4 . .  . . . . .  
" 26..  . . . . .  
'< 27. .  ..... 
" 2 8 . .  . . . . .  
" 29. .  ..... 
'* 3 1 . .  . . . . .  

June 2 . .  . . . . .  
" 3 .  . . . . . .  
" x 4 . . . . . . .  
" 5. . . . . . .  
" 6 .  . . . . . .  
(( 7 .  . . . . . .  

9. . . . . . .  
" 1 0 . .  . . . . .  
" 11.. . . . . .  

Averages. ....... 

May  12..  . . . . .  
'' 1 3 . .  . . . . .  
" 16 . .  ..... 
" 20. .  ..... 
(' 21. .  ..... 
'' 2 4 . .  ..... 
'' 26..  ..... 
(( 27. ...... 
" 28. . . . . . .  
" 29. .  ..... 
" 31.. ..... 

J u n e  2 . .  ..... 
" 4 .  . . . . . .  
" 5 . .  . . . . .  
" 6. . . . . . .  

7 .  . . . . . .  
" 9 .  . . . . . .  
" 1 0 . .  . . . . .  
" 11.. . . . . .  

' I  '7 
r )  . . . . . . .  

Averages. ....... 

z : z  8 : :  

"- 

0 .... 
0 . . . .  
0 . . . .  
0 . .  .. 
0 . . . .  
0 . . . .  
0 . . . .  
0 . . . .  

-1- . . . .  
1- . . . .  

-1 . . . .  
- i - ~  . . . .  
0 .... 

~ 1 .  ..... 
0 . . . .  
0 . . . .  
0 . . . .  
0 . . . .  
0 . . . .  
-1 . . . .  
+ . . . .  
+ . . . .  
0 . . . .  

+ .... 
0 .... 
0 . . . .  
0 . . . .  
1 -  .... 
.I- . . . .  
+ . . . .  
t . . . .  
1- . . . . 
1 -  . . . .  
f- . . . .  
+ . . . .  
0 . . . .  

1 00 cc  

I. 
1 . . . .  

"_ 

I -I- 
May 12..  . . . .  

" 13. .  .... 
" 14 . .  . . . . .  
" 16 ...... 
" 17. .  . . . . .  
" 18 . . . . . .  
" 19 . .  .... 
" 20. .  . . . .  

June   23 . .  . . . .  
" 24. .  .... 
" 2 5 . .  ..... 
" 26 ...... 
(( 27.. .... 
" 28. .  . . . . .  
" 3 0 . .  . . . . .  

2 .  ....... 
(' 3 . .  . . . . .  
" 5. . . . . . .  
LL 7 . ,  . . . . .  
" 8. . . . . . .  
" 9. ...... 
" 1 0 . .  . . . . .  
" 11.. . . . . .  
" 12. .  ..... 
'' 1 4 . .  . . . . .  
" 15. .  . . . . .  
" 17. .  ..... 
" 18 . .  . . . . .  
li 19. .  ..... 
(( 22. .  ..... 
" 23..  . . . . .  
(' 24. .  ..... 
" 25..  . . . . .  
" 2 6 . .  ..... 
" 28. .  . . . . .  
" 29. .  ..... 

Ju ly  1.. . . . .  

Averages. ....... 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
* .  
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
,. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
" 

.. 

-r 4 .  

-i- " 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
. *  
.. 
.. 
.. 
.. 

5 
4 

15 
7 
7 
6 
1 
8 
3 
7 
4 
5 
3 
5 
9 

11 
14 

ti 
7 
3 

14 .. 

16 .... 0 i- .. 
11 .. ,. 0 i- .. 

G . . . .  0 ' - t  .. 
3 . . . .  01 0 .. 

"" 

" 7- .. 6 .  
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. ~~ ~ ~~. ~ ..~ ~~ 
~ 

___ 
I I I  

"____ 
I_____ 

DATE 

1913 
-_I" 

July 24. .  . . . .  
" 25. .  .... 
" 26 . . . . . .  
" 28 . . . . . .  
'' 29. .  . . . .  

Averages. .  ..... 

May  12 . . . . . .  
" 1 3 , .  . . . .  
" 1 4 . .  . . . .  
" 1 6 . .  . . . .  
'' 17. .  . . . .  
(' 1 8 . .  .... 
" 1 9 . .  .... 
'( 2 0 . .  . . . .  

. " 23 . . . . . .  
" 24. .  . . . .  
" 25. .  . . . .  
" 26. .  . . . .  
(' 27 ...... 
(' 28. .  . . . .  
" 30. .  . . . .  

July 1.. ... 
" z . . . . .  . 
" 3. . . . . .  
" 5 . . . . . .  
" 7... . .  
" 8.  . . . .  
" g . . . . .  
I' 10 . . . . .  
" 11 . . . . .  
" 12 . . . . .  
" 14 . . . . .  
" 15 . . . . .  
" 1 7  . . . . .  
" 18 ..... 
ii 19 . . . . .  
" 22 ..... 
" 23 . . . . .  
'' 24 . . . . .  
" 25 ..... 
" 26 . . . . .  
" 28 ..... 
" 29 ..... 

Averages.. .... 

:aunts 
Fermentation Teat 

Colon Bacilli 

Em$ 48 Hours Incubation 
& 

* : " m  3 7 0 0  

y.20 2 "2"- fi 2* 

5 .. 
1 .. . . . .  
8 . . . .  

10 . . . .  
1 . . . .  

.. 
.... . . . .  
.. .. 
..  .. . . . .  

. . . .  
..  .. . . . .  
.. . . . .  
.. . . . .  
. . . .   . . . .  
.... .. 
. . . .  0 4-1.. ~1 . . . .  
. . . .  ~1 4 .. 1 .... 
. . . .  0 ~ i  ..  .. 
. . . .  0 I .. .. 

.. 0 1 .. . . . .  
0 I .. . . . .  
0 4 
0 -1- Ol.. . . . .  

.. 
. . . .  
. . . .  .... 
.... .. 
. . . .  
. . . .  
. . . .  .. 
. . . .  
. . . . .  

. . . .  
.. . . . .  

. . . .  .. . . . .  

. . . .  . . . .  

.... .. .... 

. . . .  .. . . . .  

. . . .  0 0 .. - 1 -  . . . . 

.... . . . .  , 5 , o . , ~ . , ~ . ( p e  r l  oo cc  
- 

111 0 3acterir 

?ount 
'er CO 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

. .  

. .  

.. 

. .  
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
* .  
.. 

+ ... 
DATE B 

M .* 
c 

1913 
a 

m B 

8 Hours Incubation 
3700 

: s s ; g  1 ' 3  0 0 
4 m l r l  N io 

- -1- - - 

0 .. 0 . . . .  
o, . .  0 . . . .  

0 .... 
0 , . . 0  . . . .  
. . . .  0 . . . .  
0 .. 0 . . . .  
0 .. 0 .... 

. . I . . ,  0 .... 

01.. 
, . I . .  0 . . . .  

" 

5 
1 
4 
2 
2 
4 
0 
2 
1 
R 
1 
1 
" 

2. 

" 

1 
3 
4 
ti 
6 
5 
2 
3 
7 
7 

10 
2 
1 
I 
I 
2 
3 
0 
(i 

16 
39 
22 
11 
7 
6 

10 
1 

I 3  
12 
7 1  

2 
12 

-I"- 

. . . / . .  

. . . I . .  

.. 

. .  ../. 

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  
1 . . . . .  

. . . . .  

. . . . .  

. . . . .  

.. . . I .  

.. . . I .  

. . . .  1 .  

.. :;I. 

.. . . I .  .. . .# .  

. . . . .  

. . . . .  

. . . . .  

. . .  

_.  

. 13 

" 

. 1: 

, .  

I .  

. .  

.. 

. .  
I .  

, .  
. .  
. . 
. .  
. .  
. .  
. .  
. .  

. .  . !  
. 
.. 
.. 
.. 
.. 
.. 
.. 
. .  
.. 

. . I  
* * I  

' I  

June 1 2 . .  . . . . .  1381 
'I 1 3 . .  . . . . .  
'. 14.  . . . . . .  
.' 1 6 . .  . . . . .  
'( 1 7 . .  . . . . .  
" 1 8 . .  . . . . .  
" 19 ....... 
" 20. .  . . . . .  
" 23. .  . . . . .  

. .  

24. .  . . . . .  ~ 

' L  26. . . . . . .  
'' 26 . . . . . . .  

Averages.. ...... 

May  12. .  . . . . .  
" 13. .  . . . . .  

14.  . . . . . .  
" 1 6 . .  ..... 
" 1 7 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 9 . .  . . . . .  
" 20..  . . . . .  

June 23. . . . . . .  
<' 24. .  . . . . .  
" 25. .  . . . . .  
" 26. .  . . . . .  
(( 27. .  ..... 
'' 28 . .  . . . . .  
" 3 0 . .  . . . . .  

July 1.. . . . . .  
" 2 .  ...... 
" 3 .  . . . . . .  
" 5 .  . . . . . .  
/ /  7 . .  . . . . .  
'/ 8. . . . . . .  
" 9 .  . . . . . .  
<' 1 0 . .  . . . . .  
" 1 1 . .  . . . . .  
" 1 2 . .  ..... 
" 1 4 . .  . . . . .  
" 15.. ..... 
" 1 7 . .  . . . . .  

18.  . . . . . .  
" 1 9 . .  . . . . .  
" 22. .  . . . . .  
" 23. .  . . . . .  

I' 

'1 

, I  
.I -. 
- .  
I 

. I  

: I  

. I  

. . . . . .  0 . .  

. . . . . .  0 . .  

. . . .  0 .. 

. . l . . I . .  
1 - 1 . .  

.. . . I . .  o., 

.. ..I:: O i . .  

0!..1 
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" I . '  
i pe 
" 
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0 .. 
0 ,. 
0 .. 
. . . .  
. . . .  
. . . .  
0 I .  

0 .. 
0 .. 
0 .. 
0 .. 
0 * .  
0 .. 
0 .. 
0 .. 
0 .. 

. . . .  

.. 
! - I . .  

.. 

1 
" 

" 

.. 

.. 

.. 

.. 

., 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
,. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. - 
.. 
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Bscter - 

oount 
Per CO 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. - 

Jonnts 
' *" c &a; 
;.& 

2,; kkNCI 
Per CO 
count 
" 

20 
116 
22 
11 

4 
29 
33 
8 
9 
7 
3 
4 
5 

15 
1 
8 
5 
8 
7 
4 
5 
2 
1 
4 
6 
3 

12 
8 
4 
2 
3 
8 
3 

12 

Colon Bacilli 
Fermentation Teut 

48 Hours Incubation 
moa DATE 

1913 

DATE 

1913 

May  12 ....... 
" 1 3 . .  . . . . .  
" 1 6 . .  ..... 
(' 17. .  ..... 
" 20. .  ..... 
" 21. .  ..... 
" 23. .  ..... 
" 24.. ..... 
" 2 6 . .  . . . . .  
" 27.. ..... 
'' 28. .  . . . . .  
" 29.. ..... 
" 31 . .  ..... 

June   2 . .  . . . . .  
" 3 . .  ..... 
" 4 . .  . . . . .  
" 5. .  . . . . .  
" 6 .  . . . . . .  
'L 7 . .  ..... 
" 9. . . . . . .  
" 1 0 . .  ..... 
" 11.. . . . . .  
" 12. .  ..... 
" 1 3 . .  . . . . .  
" 14. .  . . . . .  
" 16. .  ..... 
" 1 7 . .  . . . . .  
" 18.. ..... 
" 1 9 . .  . . . . .  
" 20.. ..... 
" 21.. ..... 
" 23. .  ..... 
(' 24 . .  ..... 

Averages. ....... 

"" 

May  12 . .  ..... 
" 1 3 . .  . . . . .  
" 16. .  . . . . .  
" 17.. ..... 
" 20. .  ..... 
I' 21.. ..... 
" 23. .  ..... 

- 

2 4  Z "  
? 9  
" 

.... 

.... 

.... 

. . . .  

.... 

. . . .  

. . . .  

. . . .  

.. * .  

.... 

.... 

-. ~" 

o o u  
4 2 : :  "_ 
0 

.. 0 ,. 

.. 0 .. 
0 . .  0 
.. + 0 
.. 0 

.. -t .. .. 0 .. 
0 0 . .  
.. 0 .. 
0 

.. 0 .. 

.. 0 .. 

.. + 

0 0 .. 
.. 0 .. 
.. 0 .. .. 0 .. 
.. 0 .. 
.. + .. 
.. .. 0 
0 0 . .  
.. 0 .. .. 0 .. 
.. 0 .. 
.. 0 .. 
.. 0 .. 
.. 0 .. 
. . . . . .  
...... .. 

.. 0 .. .. 0 .. 

.. 0 .. 

.. 0 .. 

.. 0 

"- 
C o l i  pe 

"- 

0 

.. 0 .. 

.. + .. 

.. 0 .. 

.. 0 .. .. 0 .. 0 . .  0 
0 . .  

~ 

J O Q  

4 a Y )  
; s s  
"_ 
+ 
t 

.... 

.... 
0 .... 
0 

.. + 

.... 
a .  

+ .... 
+ . . . .  
0 .... 
0 . .  .. 
+ . . . .  
+ . . . .  
0 .... 
$- . . . .  
0 .... 
0 .... 

-1- . . . .  
4- . . . .  
0 . . . .  
0 .... 
0 . .  .. 
0 . .  .. 
0 .... 
0 . . . .  
0 . . . .  
0 . . . .  
0 . . . .  
0 .... 
0 .... 
0 .... 
0 .... 
t .... 
0 .... 

, 1  00 cc  

. . . .  

"_ 

"- 

0 . .  
.. ., 0 
.. 

.... 0 

.... 0 

. . . .  0 

+ .... 
0 .... 

1 8 : !  
1 3 5 :  "_ 
0 .... 
0 .... 
0 .... 
0 . . . .  
0 .... 
0 .... 
0 .... 
1- . . . .  
t . . . . .  
0 .... 
0 .... 
0 .... 
0 . . . .  
0 .... 
0 .... 
0 .... 
0 .... 
0 . .  .. 
0 .... 
0 .... 
0 .... 
0 .... 
0 .... 
t .... * 
0 . .  .. 
1 00 c c  

.... 

"_ 

"_ 

. . . .  
0 .... 
0 . .  .. 
1 00 c c  
_" 

_" 

t .. ,. 
t .... 
t .... 
1 00 c c  
"- 

May 24.. ..... .. 26.. ..... 
27. .  ..... .. 28.. ..... 

" 29.. ..... .. 31. .  . . . . .  
June 2 . .  ..... 

" 3 . .  ..... 
a 4  ....... 
" 5.. . . . . .  .. 6 .  ...... 

7 . .  ..... .. 9 .  ...... 
" 10. .  ..... 
" 11.. . . . . .  .. 1 2 . .  ..... 
" 1 3 . .  ..... 
" 14. .  . . . . .  
" 16. .  ..... 
" 17 ....... .. 1 8 . .  ..... 
" 19 ....... 
" 20.. ..... 
" 21.. ..... 
" 23. .  ..... 
" 24.. ..... 

Averages.. ...... 

.. 

.. 

.. 

., 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.... 

.... 

.... 

. . . .  

. . . .  

.... 

. . . .  

.. * .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

.... 

. . . .  ..I.. 

. . .. 
" 

" 

.... ..I., 

. . .. 

. . . .  

. . . .  
" 

14 B .  

" 

.... 

. . .  

. . .  .. * 

. . .  

. . . .  

. . .  

July 11.. . . . . .  
" 1 2 . .  ..... 
" 1 4 . .  ..... 

.. 

.. 

.. 
" " 

" 

Averages.. ...... " 

10 
40 
12 

5 
3 
9 

12 

.. 

.. .. 

.. 

.. 

.. 

.. 

July 11.. ..... 
" 12. .  ..... 
" 14. .  ..... 

.. .. 

.. 
Averages. ...... 
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____._____ 
___.I_" 

Colon Bacilli 
Fermentation Test 

48 Hours  Incubation 
3700 

Batter 
i 
3 0  a,.! :&4 * *  
jn, U g 2  
5 I .-c ! 
:2A%: 
> o  0 < 

Count 
Per CO 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
I .  

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. .. 

.. 

.. 

DATE 

1913 

DATE 

1913 
"" 

July 8 . .  ..... 
" 9.  ...... .. 1 0 . .  . . . . .  
" 12. .  ..... .. 14. .  . . . . .  .. 1 5 . .  ..... 

Averages.. ...... 
"" 

J u n e   2 6 . .  ..... 
'' 26. .  ..... 
(' 27 ....... 
" 28. .  . . . . .  

I' 30. .  . . . . .  
July 1.. ..... 

2 . .  ..... .. 3 . .  ..... .. 7 .  . . . . . .  
" 8 . .  . . . . .  
" 9.  . . . . . .  .. 1 0 . .  . . . . .  
" 12. .  ..... 
" 1 4 . .  ..... .. 15.. . . . . .  

Averages.. ...... 
- 

June 26. ...... 
" 26.. ..... 
'' 27.. ..... 
" 28.. ..... 
" 3 0 . .  ..... 

July 1.. ..... 
' I  2.. ..... 
" 3 . .  ..... 
" 7  ....... 
" 8 . .  ..... 
" 9 . .  ..... 
" 10. .  ..... 
" 12. .  ..... 

14. .  ..... 
" 16. .  ..... 

Averages.. ...... 

::- g:  
o ? , !  
"- 

.... ( 

.... ( 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . .  0 

.... 

. . . . .  

.... ( 

.. *. . 

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

.... ( 

. . . . . .  

. . . . . .  . . . . . .  
"- 
E6 E. Cr 

"- 

.... -t .... + 

. . . .  + 
0 + +  
t- 0 + 
0 + 4- 
0 O f  
0 01-  
0 o +  

""_ 

0 .. 0 .... 
0 .. -1- . . . .  
0 .. + . . . .  
0 .. -1 .... 
0 .. 0 . . . .  
0 .. -1 .... 
0 .. - f ~  . . . .  
0 .. 0 . . . .  
0 .. 0 . . . .  
0 .. 0 . . . .  
0 .. 1- . . . .  
0 .. 1 . . . .  
0 .. -1- . . .. 
0 .. 0 . . . .  
+ .. -+- ., .. 
-1 .. 0 . . . .  
0 .. 1 . . .. 
0 .. -t . . . .  
+ .. t . . . .  
0 .. 0 . . . .  

.. 4- .... 
0 .. -1- . . . .  

- f ~  .. 0 .... 
-1- .. 0 .... 
0 .. 0 . . . .  
0 .. + .... 
0 .. + . . . .  
0 .. -1- . . . .  
0 . .  +- . . . .  

.. + .... 
0 .. 4- . . . .  
0 .. -t- . . . .  
0 .. + .... 
i v e r l 0 0 c c  
""_ 
""_ 

f .. + .... 
+- .. + .... 
f .. + .... 
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  . . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

May 12 . . . . . . .  
13. .  . . . . .  

" 16. .  ..... 
" 1 7 . .  ..... 
" 20. .  ..... 
" 21. .  ..... 
" 23. ...... 
" 24. .  ..... 
" 26. ,  ..... 
li 27. .  ..... 
'' 28. .  ..... 
'' 29. .  ..... 
" 31.. . . . . .  

June 2 . .  ..... 
" 3 . .  . . . . .  
" 4 . .  ..... 
" 5 . .  ..... 
" 6 .  . . . . . .  
(( 7 .  . . . . . .  
(' 9.  ...... 
" 1 0 . .  ..... 
" 11.. . . . . .  
" 12. .  ..... 
" 13. .  . . . .  

5 
(i 

24 
27 
15 
22 
12 
30 
19 
4 
7 
5 
2 
5 

21 
7 

13 
19 
14 
7 

14 
3 
1 
3 
4 
6 
6 

12 
8 

24 
18 

4 
7 

11 
" 

- 

1490 
1080 
1980 
3020 
420 

2120 
2340 
2840 

750 

.. 

.. 

.. 

.. 

.. 

.. 

1 

" 

1 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
* " 

" 1 4 . .  . . . . .  
16 ...... 
17.. .... 

'' 18 ...... 
I' 19. .  e . ,  . 
" 20.. ..... 
" 21.. ..... 
" 23 . .  ..... 

24.. ..... .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 

Averages. ...... 
- 

.. 

..  .. 

.. .. 

.. .. 

.. 

.. 

June 25. .  ..... 
" 26.. ..... 
" 27.. ..... 
" 28.. ..... 
' I  30. .  ..... 

July 1.. ..... 
u 2  ....... 
" 3 . .  ..... 
' I  7 . .  ..... 
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Field Laboratory R ports. Laboratory at Buffalo, N.Y. ,Waters of the Niagara  River. I 

"" _____ 
Bacterial  Counts Culon Bacilli 

Fermentation  Test 
48 Hours Incubation 

37.30 

Colon Bacilli 

48 Hours Incubation 
Fermentation  Test 

3 7 o a  

I d  I $ 2  
iU-$S{ 

c; 

:.,:*; ;rnu@~+ 

Per 00 
count 
" 

15 
10 
3 
4 
8 

11 
20 

1.16 
41 
14 
12 
21 
45 

26 
" 

4 
10 
3 
9 
8 
7 

38 
151 
30 

! 

I 1 -  - 
I 
2 

!: o r l v " & ; g  0 :: 
~- 

q ? ~ ~ z ; r o d 0 3 l o  

.... 

.... -1- .. + 0 .... 

.... o + . . +  .... 

.... 0 . .  0 .... 

.... o o . . +  

7 1 B . C o l i  p e r l 0 0 c c  
- 

- 

.. . .  
........... -I-. + + 

.. +- . .  .. . . . .+-I 
.... 4- + + . .  

0 0 -t . . . . . . . . . .  
+ + + . . . . . . . . . .  
0 + 

.. . . . . . . . .  + O f  
. . . . . . . .  +.. o +  
. . . . . . . .  O f + . .  
. . . . . . . .  t-.. o +  

. . . . . . . . . .  0- f  0 
. . . . . . . .  + -I- o +  

.......... + o +  

. . . . . . . . . .  + o +  
. . . . . . . .  -1- + 

0 + -t . . . . . . . . . .  
214 66 B .  C. pe r l  00 cc 

0 .. .1 ...... + + 
- 

I 

DATE 

1913 

DATE 

1913 
"" 

June 2 7 . .  .... 
'' 28 ....... 
" 30 ....... 

JuIy 1.. ..... 
(( 2..  ..... 
" 3 . .  ..... 
' I  7 .  ...... .. 8 . .  . . . . .  
" 9 .  ...... .. 1 0 . .  ..... 
" 1 2 . .  ..... 
'' 14 ........ 
" 16.. ..... 

Averages.. ..... ' 
"- 
June27 .  ...... 

" 28 . .  ..... 
" 3 0 . .  ..... 

July 1 . .  .... 
(L 2. . . . .  . 
" 3 . .  ..... 
' I  7 . .  ..... 
" 8 . .  . . . . .  
" 9 . .  ..... 

~ 

? 4 Z  % o w  

"_ 
.. 

.. -t 0 

.. -t 0 
0 . .  0 
0 . .  0 
.. f 0 
.. + 0 

0 . .  0 
.. + 0 

0 . .  0 
.. 4- 0 
.. 0 0 
., 0 .. 
.. + 

io li pe 
"- 

,. 

.. -1- 0 
0 . .  0 
0 . .  0 
0 . .  0 
0 . .  0 
.. -1- 0 
.. 0 0 
.. + .. 
.. 0 

2 4  x 0  

q 9  
- _  

. . . .  

.... 

. . .  

.... 

. . . .  

. . . .  

.... 

.... 

.... 

.... 

. . . .  

.... 

.... 
" 

86 B .  
" 

....  

.... 

.... 

.... 

.... 

. . . .  

. . . .  

.... 

.. * 

U "  
8::  
" 

....  

. . . .  

.... . . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
... 
. . . .  
. . .  
" 

IO cc 
" 

.... 

.... 

.... 

.... 

. . . .  

. . . .  

.... .... 

.... 

July 1 0 . .  . . . . .  
'< 1 2 . .  ..... 
" 14 .  . . . . . .  
" 1 6 . .  ..... 

Averages.. ...... 
"" 

June 26.  . . . . . .  
" 26 ....... 
(' 2 7 . .  ..... 

2 8 . .  ..... 
" 3 0 . .  . . . . .  

July 1.. ..... 
' I  2 . .  ..... 
" 3 . .  ..... 
" 6 . .  ..... 
6 L  7 . .  ..... 
" 8 . .  ..... 
" 9 .  ...... 
" 10 . .  ..... 
" 1 2 . .  ..... 
" 14 .  . . . . . .  
" 1 6 . .  ..... 

Averages.. ...... 

5 
27 
36 
12 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
* .  
.. 
.. 
" 

" 

.. .. .. 

.. 

.. 

.. .. 

.. 

.. 

24 

2320 
3530 
3830 
1560 
758 

2090 
3120 
2130 
1000 
1010 
3850 
3310 
6200 
740 
870 

3320 

2471 
- 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. 

.. 

.. 

.. 
" 
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INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 

Field Laboratory Reports. Laboratory at Fort Erie, Ont. Water  below the Falls at Niagara. 

DATE 

1913 
"" 

June 17.. .... 
" 17.. .... 
" 17 ...... 
" 17 ...... 
' I  17.. .... 
" 17 ...... 
'' 17.. .... 
" 17.. .... 
" l?...... 
" 17.. ..... 

6 Bacteri 
5 

:%2m: 4 

d c  $,.&.E 

g7iGGic 
d I .-e 
L.(r lPIdC 

m Per00 
" 

145 

8000  154 
800 153 

4700 152 
980 151 

3000 150 
3800 149 
3280  148 
920 147 

3160 146 
11600 

'81 

360 
280 
260 
280 
340 
160 
80 

260 
1.80 
260 

(Collected from a rowboat.) 
- 

I 

June 17.. ..... 
..... 
..... 

" 17.. 
" 17.. 

17. ...... 
17, ...... 

" 17.. ..... 
17 ...... ; 

. 01 + t .. -t " 1 7 . .  ..... ' . I . *  1 (' . 0 0 t'.. + 17. ...... 

. 0 0 .. + 17. ...... 
I I  

.., ,. 

1551 2160 
156 3120 
157 1560 
158 650 
159 490 
160 840 
161 660 
162 800 
163 600 
164 920 

-I" " """_ 
380 .. 0 + + .. 
240 .. 0 0 + .. 
. . . .  0 0 4- .. 

260 .. 0 + + .. 
120 .. 0 + + .. 
280 .. 0 0 + .. 
380 .. 0 + + .. 
180 *. 0 0 0 .. 
440 .. 0 + + .. 

0 0 0  35: 
"- 
+ .... 
+ .... 
+ .... 
+ .... 
f .... 
+ .... 
+ .... 
.t .... 
f .... 
f .... 
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Fermentation  Test 
Colon Bacilli 

48 Hours Incubation 
37oc  

Fermentation  Teat 
Colon  Bacilli 

48 Hours Incubation 
3700 

Bacteri, ___. 

Oount 
?er CC - 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.. - 
.. 

Iounta 

' G a  
-__ 

0 .a; 
?.$I 2 + 2;: 
LE:i 
"" 

Per CC 
Count 
" 

167 
123 
396 
117 
48 
37 

102 
116 
357 
33 

475 
271 
247 
93 

108 
168 

178 

Batter 
I_ 

Count 
Per CO - 

.. 

.. .. .. .. .. 

.. 

.. .. .. .. .. .. .. .. .. .. 

DATE 

1913 
"" 

June 25. .  .... 
26 ...... 

" 27. . . . . .  
" 28. .  .... 
'' 30.. .... 

July 1.. .... 
2 . . . . . .  

" 3 . . . . . .  
" 5 . . . . . .  

7 .  ..... 
" 8... . . .  

g . . . . . .  
" 10.. .... 

I' 1 2 . . . . . .  
14...... 
15 ...... 

,averages.. ..... 
" 

June  25. .  .... 
" 2 6 . .  .... 
'* 27 ...... 

28 ...... 
" 30. .  .... 

July 1.. ... 
" 2 . . . . . .  
" 3 . . . . . .  
" 6 . . . . . .  
A' 7 . . . . . .  
'' 8. ..... 
" 9 . . . .  .. 
" 10.. .... 

12...... 
(' 14 ...... 
" 15. .  .... 

Averages.. .... 
"- 
June  25. .  .... 

" 26 ...... 
'( 27 ...... 
" 28. .  .... 
" 30. .  .... . J u l y  l...... 

18 

DATE 

1913 
" 

J u l y  2 . .  ..... 
" 3.  ..... 
" 5 . . . . . .  
'( 7 . . . . . .  
" s . . . . . .  

g...... 
" 16. .  .... 
" 17. .  .... 
" 18.. .... 
64 19.. .... 
" 22.. .... 
" 23.. .... 
'' 24.. .... 
" 25.. .... 
" 26 ...... 
" 28.. , . , . 

29 ...... 
Averages.. ..... 
- 
June  25. .  .... 

" 26. .  .... 
(' 27.. .... 
" 28. .  . . . .  
" 3 0 . .  .... 

J u l y  1.. .... 
" 2 .  ..... 
" 3 . . . . . .  
" 5. . . . . .  
'( 7 . . . . . .  
" s . . . . . .  
(' g...... 
" 16. .  .... 
" 17. .  .... 
" 18.. . . . .  

19 ...... 
" 22 ...... 
" 23. .  .... 
" 24. .  .... 
" 25. .  .... 
" 26..  .... 
" 28. .  .... 
" 29 ...... 

Averages.. ..... 

- 
- 1 0  ::: 
? ?  
" 

O +  
0 -1 
O +  
0 +  
O +  
O +  
t t  
t +  
0 -t 
0 4- 
O +  
O +  

O t  
O +  
O (  
0 +  

... 

" 

-I- 
2420 
2350 

690 
3 7 0  
2540 
7200 
8000 
5100 
4800 
4130 
3730 
4310 
4300 
4400 
450 

13so 

4480 

.. 
- 

.. .. .. .. .. .. .. .. .. 

.. 

.. 

.. .. .. .. .. .. .. .. .. .. .. 

1 
1 4  
22 
2 
2 

11 
16 
1 4  
82 
28 

108 
43 
27 
23 
67 
29 

30 

.. .. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. 
" 

.. 

141 
44 

101 
131 
48 
51 

102 
115 
55 

126 
720 
600 
760 
240 
900 
780 
197 
142 
223 
650 
453 
56 

206 

288 

1090 
1710 
1510 
4020 
1200 
1590 

.. .. .. .. .. .. 
3 
D 
-. .. 
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INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Field Laboratory Reports. Laboratory at Buffalo, N.Y. Waters of the Niagara  River. 

Counts 
Fermentation Teat 

Colon Bacilli 

48 Hours Incubation 
87OC 

Bacter __ 

m-4 z 
I . IS% N 

# A & * !  

e m  m-do 

Count 
Per CC 
- 
- 

.. .. .. .. .. .. .. .. 
e .  .. .. .. .. .. .. .. 
9 .  .. .. .. .. .. .. - 

" 

.. .. .. 
,. .. .. 
.. .. .. .. .. 
.. 

Counts rlalon Bacilli 
d Fermentation Teat 

3700 

r^ 
a ,.; 48 Hours Incubation 

7 32% 
$ y . $ S  
:zz;: 2 :: " 
Per CC 6 a 4 f J ~ 

Count. 
"" "__ 

4 .... 0 
4 .... 0 7- .. 
8 .... 0 -1 .. 
7 .... 0 0 .. 

14 .... 0 + .. 
e .  + + .. 

" .. 

.. .. 

.. 

DATE 

1913 

DATE 

1913 

" 

D 3 N V )  X / X  In 0 Y 
"- 
+ .... 
+ . . . .  
+ .... 
0 .. e .  

+ .... 
+ .... 
+ .... 
f .... 
f .... 
1 OR C C  

"- 
I 

"- 

f- .... 
f .... 
1 ., * .  
t .... 
L .... 
.... 
.... 

u o  
" 0 0  

? ? ? Z t n d O a L n  
"" " 

. o + . . i -  .... 

.... 0 .. + .... . O O . . +  .... . . .  o . . +  .... 

. O O . . + -  .... 
. + .... 
. + .... . 0 .... . + .... 
. + .... 
. + .... 

- .  
e l  

"" 

7 .. , ,  

3 .... 
11 ,. ., 
13 . . . .  
5 .... 
5 .... 
4 .. , I  

1 .... 
12 .... 
52 . . . .  
49 . . . .  
34 .... 
28 .... 
53 .... 
4 1  .... 
'32 .... 

9 . . . .  
28 .... 
36 .... 
24 .... 
32 .... 
38 .... 
11 .... "_ 

"_ i r 4 0  

5 . . . .  
.. 

19 
11 .., . . I  

8 .., 
.. .. 

June 25 . .  .... .. 2 8 . .  .... .. 27 ...... .. 2 8 . .  .... .. 3 0 . .  .... 
July 1 . .  .... 

z . . . . . .  .. 3 . . . . . .  .. 5 . . . . .  . 
<' 7...... .. 8... . . .  .. g . . . . . .  
.. 16 ...... .. 1 7 . .  .... , .. 18 ...... .. 19 ...... .. 22 ...... .. 2 3 . .  .... 

3 4 . .  ..... .. 35 . .  ..... .. 26 ....... .. 2 8 . .  . . . . .  .. 29 ....... 
Averagss.. ...... 

June 38.. ..... .. 3 0 . .  ..... 
July 1 ....... 

u 2  ....... 
" 3 .  ...... 
'' 6 . .  ..... 
'( 7 . .  ..... 
" 8 . .  ..... 
" 9  ....... 

.. .. .. .. .. .. .. .. .. - 

" 

.. .. .. .. .. 

.. .. .. .. .. 
.. 
.. - 

- 

.. .. .. .. .. .. .. .. .. .. .. .. 

5 .. 
16 .. 
63 . . 
17 .. , 
" - 1- 

12 l o f t  I 

0 0 . .  

0 + .. 
C u l i  pe 
oi+ .. "_ 

"_ 
0 0 . .  
* .  0 .. 
0 + .. 
0 + .. 
0 0 . .  
0 + .., 

0 0 .  
,. 0 .  
.. 0 .  
O i - .  
+ + .  
0 0 .  
0 + .  
O + .  
0 + -  . 
0 0 .  
0 -+ . 
0 0 .  

0 + .  
O f .  
t f .  
+ + .  

. . . .  

"- 

_" 

0 + .. 
0 + .. 

+ .. 
0 +- .. 
- 

Averages.. ...... 
+ .... 
+ .... 
+ .... 
+ .. 
+ .... 
+ .... 
+ .... 
+ .... 
+ .... 
+ .... 

a .  

...... 

"j_ .. ,. 
-" r 1  rorc 
+ 

+ . . . .  
+ .... 
+ .... 
+- . ... 
+ .... 
+ .... 
+ .... 
+ .... 
-1- .... 
+ .... 
f .... 
+ .... 
1 00 cc  
"_ 
-" 

0 .... 
0 .... 
+ .... 

"- I_ 

5 
4 
7 
5 
1 
5 
3 
4 

11 
20 
(io 
2 3 

12 
" 

- 

2 
4 
8 
8 
7 
2 
1 
8 

13 
17 
85 
22 

I- - 
I 

. . .  . . .  ... 

... .. * 

. . .  ... 

. . .  

. . .  

... 

. *  . 
* .  . 
" 

31 

" 

... . . .  . . .  

. . .  ... 
,. .. .... 
,. ., 
,. ., 
,. . ,  
. . .  .. * 
" 

,3! 

June 2 5 .  ...... 
" 26. .  ..... 
'' 2 7 . .  ..... 
" 28..  ..... 
" 30 ....... 

July 1 ....... 
'( 2 . .  ..... . 01 0 .. i 

. 0'4- .. + .... 

. O"{- .. + .... 

. ow .. + . . .  
.. + .... 
.. + .. f .  

" 

1 

0 0 .. 0 . . . .  
0 0 .. 0 .... 
0 + .. 0 . . . .  
0 -t .. + . . . .  
0 0 .. 0 . . . .  
0 0 .. + . . . .  

. 0 0 .. 0 . . . .  . 0 0 .. 0 .... . 0 + .. + . . . .  . 0 , +  .. I .... . 0 + .. i- .... 

. 0 0 . .  0 . . . .  
5 , B .  C.  pr r '  '1; :c 

i 
i l  ___ 

" 3 . .  ..... 
" 5. ...... 
" 7 .  . , . . , . 
" 8 . .  . . . . .  .. 9 .  ...... 

- 
B 

8- 

I 

I 

i 

6 .... I 

5 f. .. I 
9 .... I 
8 .... 4- + .. 

14 . . . .  0 + .. 
44 .... 0 + .. 
65 .... 4- f .. 
27 .... 0 + .. 
18 2 92 B.  C .  pr 

I 

""" 

1 .... 0 0 .. 
3 ...... 0 . .  
6 ...... t .. 

Averages.. ...... June 2 5 . .  . . . . .  
" 2 6 . .  ..... 
'( 27 . .  ..... 
" 28..  ..... 
" 3 0 . .  ..... 

July 1 . .  ..... 
" 2.  ...... 
(' 3 .  ...... 
" 5 . . . . . . .  
(( 7 . .  ..... 
" 8 . .  ..... 
" 9. ...... 

June 2 5 . .  ..... 151a .. 26 ....... .. 27 . .  ..... 
" 28 . .  ..... 
" 30 ....... 

July 1 ....... 
" 2 . .  ..... 

Averages. ....... " 3 .  ...... 
(' 5. ...... 
u 7  ....... 
" 8 . .  ..... 
" 9 . .  ..... June 2 5 . .  . . . . .  

" 2 6 . .  ..... 
'( 2 7 . .  ..... .. .. 14 Averages. ....... 
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~ . _ _ _ _ _ . ~  __ "" ___ . -~ 

Fermentation Test 
Colon Bacil i 

48 Ho111.s Incubation 
37oc  

Fermentation  Test 
Colon Bacilli 

48 Hours Incubation 
3 7 o c  DATE 

1913 
" 

June 2 5 . .  ..... .. 2 6 . ,  ..... .. 2 7 . .  ..... 
2 8 . .  ..... 

" 3 0 . .  ..... 
Ju ly  1 . . . . . . .  

" 2  ....... .. 3 . . . . . . .  
" 6 . .  ..... .. 7 .  . . . . . .  
" 8 .  ...... .. 9 .  ...... 

AwcragEs.. ...... 
-I" 

Jluntt 2 6 . .  ..... .. 25. .  ..... .. 27 ....... .. 2 8 . .  ..... .. 3 0 . .  . . . . .  
July 1 ....... .. 2 .  ...... .. 3 . .  ..... .. 5. .  ..... 
'( 7 . .  ..... .. 8 . .  ..... .. It. ...... 

Averages.. ...... 

- 

July 1 6 . .  ..... 
" 1 7 . .  ..... 
" 1 8 . .  ..... 

1 9 . .  ..... .. 2 2 . .  ..... 
" 2 3 . .  ..... .. 2 4 . .  ..... 
" 2 5 . .  ..... 
" 2 6 . .  ..... 
" 2 8 . .  ..... , 
" 2 9 . .  .... .' 

Averages.. ...... 

DATE 

1913 
"" 

July 1 6 . .  ..... .. 1 7 . .  ..... 
" 18.. ..... 
" 1 9 . .  ..... 
" 2 2 . .  ..... 
" 2 3 . .  ..... 
IC 2 4 . .  ..... 
" 2 5 . , .  .... 
I' 2 6 . .  ..... 
" 2 8 . .  ..... .. 2 9 . .  ..... 

Averages.. ...... 
"- 
July 1 6 . .  ..... .. 1 7 . .  . . . . .  .. 1 8 . .  ..... 

" 1 9 . .  . . . . .  
I' 22 . .  ..... 
" 2 3 . .  ..... 
" 2 4 . .  ..... 
'( 2 5 . .  ..... 
" 2 6 . .  . . . . .  
66 2 8 . .  . . . . .  .. 2 9 . .  ..... 

Avraages.. ...... 
A 

Ju ly11  . . . . . . .  .. 1 2 . .  ..... 
" 1 4 . .  ..... 
" 1 5 . .  ..... 
" 1 6 . .  ..... 
" 1 7 . .  . . . . .  .. 1 8 . .  ..... 
" 1 9 . .  . . . . .  
" 2 2 . .  ..... 
" 23. . . . . . . I  .. 2 4 . .  ..... 
" 2 5 . .  ..... 
" 2 6 . .  ..... 
" 2 8 . .  ..... 
" 2 9 . .  ..... 

Averages.. ...... I 

- 
v u  
4 "  
3 4  
? ?  
-- 

* .  . 
. . .  . . .  
. . .  
* .  . . . .  
*. * 
. . .  
... 
. . .  . . .  
. . .  
" 

4 '  

" 

I. ., 
,. . ,  

. . . .  
I .  ., 
,. ., 
,. ., 
) .  ., 
. . .  
,.  ., 
. ., 
. . .  

* .  

" 

19 0. 

" 

... . . .  

. . .  . . .  

. . .  
' * ' I  . . .  
' I .. * * I  

o w 0  
; 2 ;  _" 

0 0 .. 
0 0 . .  
0 + .. 
0 i- .. 
0 0 * ,  

0 0 . .  
0. 0 .. 
0 0 . .  
0 0 . .  
0 + .. 
0 -1- . . 

B. C .  pe 

.L .. , .. 
"_ 

-" 

0 0 . .  
0 0 .. 
0 -t .. 
0 + .. 
0 0 .. 
0 0 .. 
0 0 . .  
0 + .. 
0 0 . .  
0 0 . .  
0 + .. 
0 0 .. 

: o l i  pe 
"_ 

0 + .. 

C 

" 

3 
4 
8 
4 
3 
8 
5 
0 
4 

14 
34 
17 

8 
" 

28 
29 

171 
92 
11 
12 
46 

7 
47 
35 
2 

43 
- 

.. .. .. .. .. .. .. 

.. .. .. .. - 
" 

! f  

13 
47 
59 
41  

5 
14 
33 
6 

25 
19 
2 

.. .. .. .. .. 

.. .. .. .. 

.. .. 
" 

1 
5 
4 
4 
3 
4 

12 
8 

10 
17 
23 
11 

.. .. .. .. .. 

.. .. .. .. .. 

.. 

.. 24 

8 

- 

48 
14 
49 
33 

4 
8 
9 

23 
32 
27 
2 

16 
28 
22 
8 

11 
8 
6 

18 
11 

2 
5 
6 
3 
4 
4 

10 
- 

.. 
* .  .. 
.. .. .. .. 
.. .. .. 
.. 
.. .. .. .. - 

- 

.. 

.. ,. .. .. .. 

.. .. .. .. .. 

.- . -  

I 

0 . . . .  -i- o ' . .  
0 .... +- .. + 
0 0 

p e r l 0 0 c c  1 B . C o l i  

.... 0 0 . . +  . . .  

.... + .. 
.I.. .... + .. 0 0 

"- ""_ 
22 
- 1 

" 
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Deep sample--18 feet  below surface. 
I 

Bacterial Counts Bacterial Counts 
~ ~~ Colon Bacilli 

* 

DATE 3700 DATE 3 I 0 C  

1 Y 1 3  
"""" """" 

11:3c' 
July 11.. ..... July 2 3 . .  ..... . . . .  0 0 0 . .  .... 15 .. 15% .. .... + .. 0 

..) 0 
.. 7 .. 1 2 . .  ..... . . . .  .. .... .. 

.... + +I . .  . . ~  0 .. 22 .. .. 2 5 . .  . . . . .  0 0 "0 .... 17 .. .... 0 01.. . . . .  0 19 .. '$ 2 4 . .  . . . . .  0 '0 0 12 
" 1 4 . .  
" 1 5 . .  .. 

" 1 8 . .  
" 2 9 . .  . . . . .  . .+ . . . .  0 4 -  .... 8 .. " 1 7 . .  ..... .. .. 0 .... .. 2 8 . .  . . . . .  .... 0 0 . . +  .... 9 .. " 1 6 . .  ..... .. I O  0 . .  +.... .. 2 6 . .  . . . . .  4" 0 ...... 4 

..... 
. . . .  .. ..... 
. . . .  .. 

.... .. ..... .... .. .... 4 
" 1 9 . .  ..... 

.... .... 11 .. '( 2 2 . .  . . . . .  Averages. ....... .... .... 11 .. 
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Field  Laboratory Reports. Laboratl : Fort Erie. Waters of Buffalo Harbour. Dry  a1 

rl 

DATE 

1913 

is1 
I 

Bacteri 

&- c 
$ 0  a,.; 
j z 4  2 (I 

1.22' ;'",-"m; ;.4pl*k. 
Count  

Per CC 

" 

" 

290 
5000 

1 4  
28 
28 

400 
420 
400 
171 
300 
116 

276 
46 

3220 
134 

9 

.. 

.. 

I n  I 1  
DATE 

1913 

- :I ? 

.- . 

.. 

.. 

. .  
0 
0 
0 
0 

I .  

, .  I 
. .  
. I  

0 
. .  
. .  
. .  
. .  
. .  
" 

. c  
" 

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

- 
0 v 
3 
Lo - 

-t 
3- 

-1 
-t + 
-t + 
.. .. 
,. 
,. 
0 + + + 
t 
t 
+ 
t 
i- 
t- 
t 
i -  
t 
t 
t 
t 
I- 
t 
t 
t 
t 
I -  

C 

__ 

- 
0 
c 
u) 

- 

( 
( 
( + 
( 
( 
-t .. + 
.. 
.. 
.. + + 
t + 
0 
0 
0 
0 
0 
0 

t 
t 
I- 
i- 
i -  
I- 
i- 
t 
I 
l~ 

0 
t 
I- 
- 
e 

~ 

, i <  -I-. 

) .. 
) .. 
1 .. 
1 .. .. 

.. 

.. 
i- 
.. 
* .  .. 
.. 
.. 
.. 
.. 

1 .. 
1 .. 
, .. 
.. 

1 . .  .. 
.. 
.. 
. . .  
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
. . -1 .. ( 
. . -+ 
0 .  
.. + 
r l  01 
" 

" 

I 

- 

t 
t 
t 
t 

0 
t 
t 
t 
t 
t 
l~ 
t 
0 
t 
L 

D 

1 

. -  
I C  

-I. 

. .  
" 

0 . *  12 . .  
.. 

spreadel 
28 

200 
160 
17 
18 
35 
42 

June lO . .  ... 
" 11.. . . . .  
" 12  ..... 

May 26 ..... 
" 27 ..... 
" 28 ..... 
" 29 ..... 
" 30 ..... 
" 31. .  ..: 

June 2 . .  ... 
" 3 . . . . . .  
" 4. . . . . .  
" 5 . . . . . .  
" T...... 
" g . . . . . .  
" 10 . .  .... 
" 11.. . . . .  
" 12 . .  . . . .  

Averages.. .... 
Excluding 205: 

28 . . 
x5 . . 

403 . , 
90 . . 
36 . . 
8 .. 

300 . . 
199 .. 

preader . . 
preader . . 
preader . . 

94 . . 

preader . . 
96 . . 
56 . . 

preader . . 
4 .. 

77.1 24 

.. a 

___- 

"- 

120 .. 
42 . . 

310 .. 
2000 . . 

)reader . . 
34 . . 

460 . . 
2000 . . 

26 * . I  . . 
880 . . I  

34 
84 

568 
57 
89 
70 

156 
88 
64 
54 
88 
19 

400 
16 

110 
6 3 

4.5 
12 
3 

102 
61 

104 
1 e6 
94 

200 

760 
620 
500 
260 

2240 
1400 
2000 
:moo 
254 
260 

2000 

i61.5 

;preade 

.. 

:wn 

-_ 

J u n e   1 3 . .  .... .. 1 4 . .  . . . .  .. 1 6 . .  .... .. 1 7  . . . . . .  .. 1 3 . .  . . . .  .. 1 4 . .  .... .. 1 6 . .  .... .. 1 7 . .  .... 
May 26 . .  . . . .  .. 27 . . . . . .  .. 2 8 . .  . . . .  .. 2 9 . .  .... 

(' 30 ...... .. 31. .  . . . .  
June  2 . .  .... .. 3 . .  . . . . .  .. 4 . . . . . .  .. 6 ....... 
" 7 . . . . . .  .. 9 .  . . . . . .  .. 10 . . . . . . .  .. 11 . . . . . . .  .. 1 2 . .  .... .. 1 3 . .  . . . . .  .. 1 4 . .  . . . . .  .. 1 6 . .  .... .. 1 7 . .  . . . . .  .. 13 . .  . . . . .  .. 1 4 . .  . . . . .  .. 1 6  . . . . . .  .. 1 7 . .  ..... .. 1 3 . .  . . . . .  .. 1 4 . .  . . . . .  .. 1 6 . .  . . . . .  .. 1 7 . .  ..... .. 13 . . . . . . .  .. 14.. . . . . .  .. 1 6 . .  . . . . .  .. 1 7 . .  ..... 

Averages.. ...... 
Excluding 202a. 

. . . . . .  

...... 

...... 

...... . . . . . .  

...... 

...... ...... 

.. . ' I  
. .  2 
.. 
* .  
.. 

0 
i- 
I 
i- 
0 

0 
0 
t- 
t 
- 
e 

- .  

0 
;J 

- 
rl 00 cc 

.. 

.. 

.. 
, .  

39 .. f 
36 . . 0 ( 

24 .. 0 ( 
44 .. 0 ( 

3 . . . . .  
140 . . . . . .  
43 . . . . . .  

spreader ...... 
29 . . . . . .  
16 . . . . . .  

5 . . . . . .  
42 ...... 
411 . ..... 

l l t i  . . . .  .. 
greader . . . . . .  

21 . . . . . .  
90 . . . . . .  
56 . . . . . .  

174 . . . . . .  
180 . . . . . .  
63 . . . . . .  

260 . . . . . .  
15 . . . . . .  

220 . . . . . .  

01 

. . . . . . . .  

-I 
1 

i 
-I 
I 
i 
4 
( 
t 
I 
t 

1. 
I 
t 
t 
t 
t 
t 
t 
I 

, .  
, .  

, .  

.. 
1. 

390.1 

" 

90 
220 

preader 
2400 
110 
lG0 
156 

2560 
226 
156 
220 

2000 
440 
212 
400 

2000 

" 

. '  I *  J u n e   1 3 . .  . . . .  
" 1 4 . .  . . . .  .. 16 . .  . . . .  
" 1 7 . .  .... .. 1 3 . .  . . . .  
" 1 4 . .  . . . .  
" 16. .  . . . .  
" 17. ...... 
" 13 . .  . . . .  
" 1 4 . .  .... 
" 16 . .  .... 
" 17 . .  . . . .  .. 1 3 . .  . . . .  .. 1 4 . .  .... 
" 16 . .  .... 
" 1 7 . .  .... 
" 1 3 . .  .... 
" 1 4 . .  .... .. 16 . .  . . . .  
" 17 . .  .... 

Averages. ...... 

1 2000 . . . . . .  
22 . . . . . .  
74 . . . . . .  

500 . . . . . .  

328 I . .  . . . .  
. . . . . . . .  r, 

158 . . . . . .  1 
40 . . . . . .  c 

250 0 0 . . ( 
800 . . . . . .  ( 

1007.3 2QB. C o l i  

1 

1500 . . . . . .  
180 spreader . . . . . .  

, 114 54 . . . . . .  
380 300 ...... 

2500 1500, . . . . . .  
733.8  1059.4 2OB. CI 

___"_" 

I 

0 1 

8 
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Field Laboratory  Reports.  Labcra.tcry  at  Fort  Erie.  Waters of Buffalo Harbour. 

-~ - 

DATE 

1913 
""- 
May 26. .  .... 

'' 27. .  .... 
" 2 8 . .  . . . . .  
" 29 ...... 
" 30 ...... 
" 31 . . . . . . .  

June 2 . ,  .... 
" 3 . . . . . .  
" 4 ....... 
" 5 . . . . . . .  

7.  . . . . . .  
" 9 .  ...... 
" 10. .  ..... 
I' 11.. ..... 
" 12. .  ..... 
" 13 . . . . . . .  
" 1 4 . .  ..... 
" 1 6 . . . . . . .  
" 1 7 . .  ..... 

Averages. .  ...... 
Including 202a. 

June  14.  . . . . . .  
" 1 6 . .  ..... 
" 1 7 . .  ..... 
" 18. .  ..... 
" 1 4 . .  . . . . .  
" 16. .  ..... 
'' 1 7 . .  ..... 
" 1 8 . .  ..... 
" 1 4 . .  . . . . .  
" 16. .  ..... 
" 1 7 . .  . . . . .  
" 1 8 . .  ..... 
" 1 4 . .  . . . . .  
" 16 ....... 
" 1 7 . .  . . . . .  
" 18. .  ..... 
'' 1 4 . .  . . . . .  
" 16. .  ..... 
" 17. . . . . . .  
" 1 8 . .  ..... 

Averages. ....... 
June   14 .  . . . . . .  

" 16. .  ..... 
" 1 7 . .  ..... 
" 18. .  ..... 

"" 

" - 
I 

74 
26 
3G 

296 
270 
247 
104 
68 

29 
23 
60 
45 
68 

260 
160 
460 
2000 

172.6 

.. 

.. 

- 

150 
240 

1500 

90 
420 

3900 
64 

520 
900 

7000 
360 
204 

1100 
S40 
540 
212 

1000 
600 
840 

.. 

1275 

216 
110 
650 
252 

" 

Counts 
i<  ; c*.; 
jy.q2. 5 4 2' 
2 r - v  
-4rnPIN. 

Count 
Per CO 
__- 

" 

87 
48 
8 

650 
268 

134 

135 

32 
64 

8 
11 
13 
40 

300 
2000 

149 .9  

ipreade 

lpreade 

.. 

:preade 

- 

80 
310 

1500 
.. 

280 
300 
70 
70 

1300 
5000 

70 
120 
240 

1500 
380 
30 
44 

3000 
810 

700.4 

190 
810 
400 
360 

.. 

___ "" __. -" 

Fermentation Test 
Colon Bacilli 

48 Hours  Incubation 
3 7 o c  

z::ugg,: (i 0 0  

??l=;LOrlN """_ 
.. 

i .. 3- 0 . . . . . .  
4 .. -1- 0 0 . . . .  

0 + . . i  . . . . . .  
4 .. + 4- 0 0 .. 

0 4  0 0 0 0 .. 
i .... 0 0 .. 
4 .... 0 0 0 .. 
i . . . .  0 0 0 .. 

O f i  t 0 0 

0 0 0 0 . .  0 4  
...... I)+..-+ 
...... 1~ + .. -1 
...... 

o + . . +  ...... 
0 0 . 3  

o + - . . +  . . . . . .  
o . . + . .  0 . .  .. 
o o . . +  . . . . . .  

-t .. + -1 . . . . . .  
o - I - . . +  . . . . . .  

23lB. Co Ii pe r l  Ot  
"-"" 

"_ - - - - - 
. . . . . .  

O . . + . .  0 . .  .. 
O + - . . +  

o o . . +  . . . . . .  
. . . . . .  o + . . +  
.. o . . + . . + . .  
.. 0 

.. + .. + 0 0 .. 

.. + .. + + 0 .. 0 . .  o . . + . .  .. 
+ + + . .  . . . . . .  
.. + .. + + + ,. 
.. + .. + 0 0 .. 

0 . .  (I..+.. *. + + . . +  ...... 
.. + .. 4- + 0 .. 
.. + .. + 0 0 .. 
.. 0 * *  0 .. 0 .. 
+ + - t . .  . . . . . .  .. f .. 0 +~ 0 .. .. + .. + 0 

i 5 0  B.C.perl00 

...... + 0 . .  + 

...... O f . . +  ...... O f . . +  ...... ++. .  + 

. . . . . . . . . . . . . .  

"""_ 
" - - - - - 

- 
0 

9 m - 

.. 

.. 

.. .. 

.. 
,. + 
+ + 
+ 
0 + + 
-t 
+ 
+ 
-t 
.. + 
- 
:C 

- 
+ 
+ 
.; 

; 

; 

t 

- 
C - 
t 
t 
1- 

t 

DATE 

1913 
" 

J u n e l 4 . .  .... .. 16.. .... 
" 1 7 . .  .... .. 1 8 . .  .... 
'' 1 4 . .  .... .. 16. .  .... 

l T . . . .  .. 
" 1 8 . .  .... 

I' . 14 ...... 
I, 16 ...... 
" 1 7 . .  .... 
" 1 8 . .  .... 
" 14.  ..... , .. 1 6 . .  .... 
" 17. .  . . . . .  
" 18. .  .... 
" 14. .  ..... 
" 16.. .... 
" 1 7 . .  ..... 
" 1 8 . .  .... 

14. .  ..... 
" 16. .  .... 
'' 17. .  ..... 
" 1 8 . .  .... 

Averages. ...... 
J u n e 1 4  ....... 

" 16. .  .... 
I' 17 ....... 
(' 18. ...... 

I' 14 ....... 
" 16.  ...... 
'' 17.. ..... 
" 18.. ..... 
" 14.. ..... 
'' 16. .  ..... .. 17. .  ..... 
" 18. .  ..... 
" 14.. ..... 
" 16. .  ..... 
'' 17. .  ..... 
" 18. .  ..... 

14.. ..... 
" 16.. ..... 

17.. ..... 
18. .  ..... 

Averages.. ...... 

" - 
I 

" 

" 

: 

g -  Baeter 

.,e $rq$. s,.g,. * d  

+N-4*' 

.* ,Em,SS, 
$ Per CC m 

Count 

"- 
219 

2 80 
44 

640 
500 

220 120 
260 
600 

221 3000 
3000 
3000 
560 

222  5000 
2600 
1800 
860 

223 3000 
1100 
1000 
1660 

224  312 
350 

50CO 

.. 

.. 
" 

1356.4 

225 304 
420 
900 
800 

226  268 
800 
600 

1500 
227 228 

650 
1500 

452 
228  218 

220 
700 
708 

29 112 
200 

1200 

-" 

.. 
620 

350 . . . . . .  

n 
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Field Laboratory Reports. Laboratory at  Buffalo, N.Y.  Waters of Lake  Erie and Niagara River. 

Tap Water  at  Buffalo, N.Y. 

211 
" 

" 

DATE 

1913 
" 

May 3 1 . .  ..... 
June 2 . .  ..... 
" 3 .  ...... 
" 4  ....... 
" 6  ....... 
'( 6 .  ...... 
" 7 ....... 1 

" 9 . .  .... 
I' 1 0 . .  .... 
" 11.. ..... 

-.__  .- 

" 

.. .. .. .. .. .. .. 

j Bacterial Counts Colon Bacilli 
Fermentation Test 

87'0 

. 

""""" 

1 

0 ...... 9 
.... 0 . . 0  ...... 2 
.... 0 .......... 9 
.... 0 0 0 . .  .... 

.. 0 .... 
13 ...... 0 .. 

.... 0 .......... 2 

.... 0 .......... 4 
.. +.. 0 . .  ....... 5 

.... o . . o  ...... 2 

.... 0 .. 0 ...... 6 

.... + 

.. .. .. 
I 

DATE 

1913 
c 

June 1 2 . .  ..... 
13 . .  ..... .. 1 4 . .  ..... .. 16 ....... 

" 17 ....... .. 1 8 . .  ..... .. 1 9 . .  ..... 
" 2 0 . .  ..... 

Averages.. ...... 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports.  Laboratory  at  Niagara-on-the-Lake,  Ont.  Water Supplies, Lower  Niagara River. 

Water  chlorinated  at  Niagara-on-the-Lake,  but filtered without  chlorination  at  Youngstown, N.Y. 

DATE 

1913 

Laboratory 
J u n e  26.  .. 

" 26.  . .  
" 26 . . .  
" 2 6 . .  
'' 2 6 . .  
I' 26.. . 
" 2 G . .  
'( 2 6 . .  
" 2 6 . .  
" 2 6 . .  
I' 2 6 . .  
" 2 6 . .  
" 2 6 , .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
'' 2 6 . .  
I' 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  
" 2 6 . .  

Niagara-on 
June 18. . 

j' 1s.. 
" 18 . .  
" 1 9 . .  
" 19 . .  
I' 19. .  
" 1 9 . .  
" 19. .  
" 1 9 . .  
" 19..  
" 1 9 . .  
" 1 9 . .  
" 1 9 . .  
" 19 . .  
" 1 9 . .  
" 1 9 . .  
" 19. .  
" 19 . .  

1 9 . .  

Hour 
Plated 
"- 
A.M.  P.M. 
" " 

Tap, Hiagal 
9.16 *. 
9.30 .. 
9.45 .. 
10.60 .. 
10.15 .. 
10.30 .. 
10.45 .. 
11.00 .. 
11.15 .. 
11.30 .. 
11.45 .. 

. . 12.1, 

.. 12.31 

.. 12.4  

.. 1.4  

.. 2.0 

.. 2.1 

.. 2.3 .. 2.4, 

.. 3.0 

.. 3.18 

. . 3 . 3  

. . 3.4; 

.. 4.01 

.. 4.1: .. 4.41 

. . 5,Ol 

.. 5.11 

. .  5.31 
ILe-La ke T, 
9.00 .. 
9.15 .. 
9 . 4 5  .. 9 . 3 0 1  

1O .OOj  .. 
10.15) .. 
10.3nl .. 
10.45, .. 
11.00i .. 
11.151 .. 

* .  

11.30l .. 
11.45' .. 
12.00 .. 

.. 1.01 .. 1.li 

.. 1.3  

.. 1.4! 
I). 2.0( 
.. 2.1: 

I 

I 

on-the, .. 
.. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. .. .. * 
2 
1 
4 
3 

12 
0 
2 
6 

10 
3 
3 
1 
2 
6 
1 
0 
0 
0 
1 

'?!@!?,- Colon Bacilli 
4 G  
j gn,{ 48 Hours Incubation 

Fermentation Test 

' < s z  3 7 o c  
'o.a2$ 80 

&&N30 s,u z 0 

Count 
Per CC - N Q  

z l :  : 0 0 0 ",x:: u) 0 
0 e 2 ,x "_" ""_ 

ske . . . . . . . .  0 0 . .  o +  . . . . . . . .  0 0 . .  0 0  
. . . . . . . .  0 0 . .  0 ' 0  
. . . . . . . .  0 0 . A  0 
. . . . . . . .  0 0 . .  0 0  
. . . . . . . .  0 + . .  O f  . . . . . . . .  -4- + .. 0 + 
. . . . . . . .  o + . .  O f  
. . . . . . . .  0 + . .  o +  
. . . . . . . .  o + . .  + +  
. . . . . . . .  0 o . . +  0 
. . . . . . . .  0 0 . .  O f  
. . . . . . . .  0 0 . .  0 0  
. . . . . . . .  0 0 . .  O f  . . . . . . . .  0 0 . .  o +  
. . . . . . . .  ++. .  O f  
. . . . . . . .  0 0 . .  o +  . . . . . . . .  + 0 . .  O f  

0 0 . .  o +  
.. ..,.... 0 O . . - t f  

. . . . . . . .  0 + .. 0 ' +  

. . . . . . . .  O + . . + +  

. . . . . . . .  0 0.. O f  

. . . . . . . .  0 0 . .  0 0  

. . . . . . . .  0 0 . .  0 0  

. . . . . . . .  0 0 . .  0 0  . . . . . . . .  0 0 . .  0 0  . . . . . . . .  00.. 0 0  

10 ...... o o . . o o  
6 ...... 0 0 . .  0 0  
4 . . . . . .  0 0 . .  0 0  
6 ...... 0 0 . .  0 0  

2 ...... 0 0 . .  0 0  
6 . . . . . .  0 0 . .  0 0  
3 . . . . . .  0 0 . .   0 0  
6 . . . . . .  0 0 . .  0 0  
4 . . . . . .  0 0 . .  0 0  
5 ...... 0 0 . .  0 0  
3 ...... 0 0 . .  0 0  
9 ...... 0 0 . .  0 0  
4 . . . . . .  0 0 . .  0 0  
5 ...... 0 0 . .  0 0  
3 ...... 0 0 . .  0 0  
3 ...... o o . . o o  
5 . . . . . .  0 0 . .  0 0  
5 ...... 0 0 . .  0 0  

.. ..,.... 

. . . . . . . .  0 0 .. O i +  

10 . . . .  ..4 0 .. 0 0 

DATE 
Hour 

Plated 

1913 B.M. - 
J u n e l 9 . .  . . .  .. 19.  . . . .  .. 19 . . . . .  

'( 19 . . . . .  
19 . . . . .  

" 19 . . . . .  
" 19 . . . . .  
" 19 . . . . .  
" 1 9  . . . . .  
" 1 9  . . . . .  
" 19 . . . . .  

Youngstown Tap? 
June 20. . .  

" 20 . . .  
" 20. .. 
" 2 0 . .  . 
" 20 ... 
(' 20 ... 
" 20 . . .  
" 20 . . .  3 
" 20 . . .  p 

" 20 ... 2 
'( 20 . . .  $ 

" 20 . . .  cD '$ 

" 2 0 . .  . .- 

" 20 . . .  

" 20 ... c 
" 20 . . .  ; 
" 20 ... 5 
" ZO... s 
" 20 ... 8 
" 20 3 
" 20 ... a 

0 ... 
" 2 0 . .  . j 
" 20 ... 
'' 20 ... 
" 20 . . .  
" 20 ... 
" 20 . . .  
" 20 ... 
" 2 0 . .  

' I  18. .  . . .  
" 18.. . . .  
" 1 8 . .  . . .  
(' 18..  . . .  
" 18 . . . . .  
" 18. . . . .  
" 18. .  . . .  

- 
P.M. - 

2.3( 
2.4: 
3.a( 
3.1; 
3 . 3  
3.4E 
4.0( 
4.1E 
4-31 
4.4, 
5.01 

.. 

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

.. .. .. 

.. .. 
i.00 
!.06 
!. 12 
!.I8 
!.24 
!. 30 
!.36 

Bacteri 
I 

~ "_ 
cu- m 
HF4" 

Per CC 
Count 

- 
0 
2 
2 
6 
2 
0 
0 
2 
0 
1 .. 

200 
500 
800 
300 
250 
300 
400 
400 
300 
200 
300 
400 
200 
200 
400 
200 
400 
300 
500 
400 
300 
300 
200 
200 
300 
400 
500 
300 
400 

200 
400 

1000 
1200 
1500 
1500 
1200 

4 
3 
3 
5 
0 
2 

10 
5 
3 
3 
0 

100 
400 
250 
200 
300 
200 
250 
300 

2 
200 
180 
100 
200 
150 
150 
200 
100 
300 
100 
300 
200 
250 
300 
400 
300 
X 0  
200 
1100 
280 

18 
28 
20 
60 
20 
33 
38 

Colon Bacilli 
Fermentation Test 

48 Hours Incubation 
a700 

0 
0 
H 0 

9 - 
.. 
.. 
.. 
. .  
e .  

* .  
,. 
.. 
.. 
.. 
.. 
.. .. .. 
.. .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
, .  .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. .. 
.. 
.. 

C 

._ 
5 81:: 
? e ,  "_ 
. . .  ( 
. . .  ( 
. . .  ( 
. . .  ( 

. . .  c 

. . .  c 

. . .  C 

. . .  c 
. . . .  ( 

. . . .  

. . . .  ( 
0 O t  
O O (  
O O (  
0 0 (  
0 4 -  ( 

+ O f  
O O (  
o +  ( 
0 0 (  
O O (  
0 O t  
0 0 +  
0 o +  
0 0 -t 
0 0 +  
0 0 4 -  
0 + i- 
t + i  
0 - t  i 
0 + f- 
0 + +  
0 + +  
0 t -t 
0 + - i-  
o + +  
0 +  t 
i- + -i 
0 + i  
0 + i  

+ + i  
o + i  
t- 0 i  
0 + 1  
o + - I  
0 4  
0 + 7  

- 

" 

0 0 0  

0 H N Q  

"" 

-1- . . 0 0 
0 . .  o +  
0 . .  0 0 
0 . .  0 0 
0 . .  0 0 
0 . .  0 0 
0 . .  0 0 
0 . .  0 0 
0 . .  0 0 
0 . .  0 0 
0 . .  0 0 

+ ...... 
+ ...... 
+ ...... 
+ ...... 
0 ...... 
+ . . . . . .  
0 . . . . . .  
+ . . . . . .  
+ . . . . . .  
+ ...... 
+ . . . . . .  
+ . . . . . .  
f ...... 
1- . . . . . .  
+- . . . . . .  
+- ...... 
+ . . . . . .  
+ ...... 
f . . . . . .  
+ ...... 
+ ...... 
+ . . . . . .  
i- . . . . . .  
4- . . . . . .  
i- ...... 
+ . . . . . .  
f ...... 
+ .. + .. 
+ .. + .. 
-I- .. 0 .. 

.. + .. 
+ .. 

+ + .. 
+ + 

. . . . . .  

1- . . . . . .  

1 

.. 

.. 
I- *; 
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Field Laboratory Reports. Laboratory at Niagara-on-the-Lake, Ont. Water  Supplies,  Lower  Niagara  River. 
Tap Water after chlorination at Youngstown, N.Y. 

Bacterial  Counts I Bacterial  Counts __ - Colon Bacilli 
Fermentation  Test 

48 Hours Incubation 
3700 

Colon Bacilli 
Fermentation  Test 

48 Hour6  Incubation 
I 

i 2 c  

. 4 g a  
lo.ag$ 
;:--.* ; " 
Count 
P e r  CC 

j G& 

" 

27 
25 
40 
32 
28 
40 
38 
70 

180 
680 
360 
320 

i -  I? Z*.! 
;?.a 0' 

m-4 2; 
> o  a & <  :2c$: 
Count 
P e r  CC 

"~~ ~ 

" 

1000 

1000 
11 00 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1000 

.. 

3:; 
&; :e-.,; 
- m ! & m c  

Count 
P e r  CC 

300 
200 
200 
200 
250 
260 
150 
150 
100 
100 
100 
100 

' DATE 

Plated 
Hour 

1913 A.M. 1 P.M. 

DATE 

1913 
"- 
Junel8. . , 

" 18 . . .  
" 18. .  
" 18 ... 
" 18.. . 
" 18 . . .  
*' 18.. 
" 18 . . .  
" 18 . . .  
" 18 ... 
" 18 ... 
" 18. . .  

Plated 
Hour  - 

tn 
" 

f 

.. 0 

.. f 

.. f 

.. 

o,..  

.o .. 0 
. . 

* .  0 
.. 0 
.. 0 

0 
v v  g g : , v z  =!??:;2 
""" 

.. 

.. 4- + 0 0 .. 

.. + + + 0 .. 

.. + + 0 0 .. .. + + + + .. .. + + -1- + .. 

.. -t -t 0 0 .. 

.. +- + 0 0 .. 

. . -t- - t ~  -t 0 .. 

.. + + + + .. 

.. + + + +- .. 

.. i- + + + .. 

.. + + + +- 

A.M. P . M .  -" 
.. 

3.48 .. 
3.42 .. 
3.36 . . 
3.30 .. 
3.24 .. 
3.18 .. 
3.12 .. 
3.06 .. 
3.00 .. 
2.54 .. 
2.48 .. 
2.42 

- I -  

June 18. . 
'' 18.. 
'' 18.. 
" 18.. 
" 18.. 
" 18. .  
" 18.. 
" 18.. 
'' 18.. 
" 18.. 
'& 3 8 . .  

18.. 

1000 
1000 
1000 
1000 
900 

1000' 
1000 
900 

1000 
1000 
1000 
1000 

.. 

.. 0 .. + + + 0 t .  

,. 0 .. + + + 0 I .  

., 0 .. + + 3- 0 ,. 

.. 0 .. + + + 0 .. .. 0 .. + + + + .. .. 0 .. + + + .. 0 

.. o .. + + + . . (  0 

.. 0 .. + + 4- 0 . .  

.. 0 .. + + + 0 .. 

.. + .. + + + 0 ,. 

5.11 .. 4.54 .. 4.48 .. 
4.42 .. 
4.36 .. 
4.30 .. 4.24 .. 
4.18 .. 
4.12 .. 
4.06 .. 4.00 .. 
3.54 

I I i I  I 1  I 



INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Fie'd Labcratory Reprts. Laboratory at  Niagara-on-the-Lake, Ont. Waters of the Western End of Lake Ontario and the 

Niagara  River 

DATE 

1913 - ~ -  
M a y  27 . .  ..... .. 2 3 . .  ..... .. 2 9 . .  ..... 

a0 ....... .. 31.. ..... 
June 2 . .  ..... .. 3 . .  ..... .. 4 . .  ..... .. 5.  ...... .. 7.. ..... .. 8 . .  ..... .. 9 ....... .. 1 0 . .  ..... .. 11 ....... .. 1 2 . .  ..... 

" '> 

AverrgeS.. ...... 
_I - " " 

RiIay 2 7 . .  ..... .. 28 ....... 
" 2 9 . .  ..... 
" 3 0 . .  ..... 
'' 31.. ..... 

June 2 . .  ..... 
" 3 . .  ..... 
u 4  ....... 
" 5 . .  ..... 
u 7  ....... 
'( 9 . .  ..... 
" 10. .  ..... 
" 11.. ..... 
" 12..  ..... 

....... 

d v e r r g e s . .  ...... 
"- 

May 27.. ..... 
2 8 . . . .  ... 

" 29....... 
" 30 ....... .. 3 1 . .  ..... 

June  2 . .  ..... 
" 3 . .  ..... 
" 4  ....... 
" 

Cacter 
~ ~~ 

i l  jy g m :  js+ 2 , I .I.;; p z s ;  
Count 

Per CC 

500 

90 

170 
210 
180 
350 
450 
400 
220 
430 

450 
290 

.. 

.. 

.. 

311.6 

500 

40 

210 
150 
160 
800 
460 

2000 
510 

40 

800 
900 

550 

.. 
*. 

.. 

- 
- 

480 

440 

140 
210 
150 
180 

.. 

.. 

COUlltR 

? ! i t  i $E'; 
I".& > o  a c 

IZZZS: 
Per CC 
Count 
" 

220 

24 

600 
110 
30 

120 
40 

750 
60 
50 

120 
90 
0 

.. 

.. 

- 
171.07 

- 
100 

70 
.. 
.. .. 

300 
50 

2000 
50 

1300 
50 
0 

130 
120 
60 

352.5 

130 

60 

600 
360 

30 
100 

.. 

.. 

Colon Bacilli 
Fermentation Test 

48 Houre Incubation 
37OO 

- 
u 
V 
3 
0 
9 
- 

.. 

.. 

.. .. 

.. .. .. .. 

.. 

.. .. 

.. 

.. .. .. 
- 12 

- 

.. 

.. 

.. .. 
I .  

*. .. 
.. .. 
a .  

*. .. .. .. 
- 
.. 
14 

- 

.. .. 

.. .. .. 

.. .. 

.. 

- 
: s o  
? e : :  "_ 
. . . .  + + , .  

+ 

+ +  t 
-t O +  
-t O +  
+ f ,. 
( 0 I .  

t 0 , .  
t 0 I .  

0 o +  
0 +- t 
o + +  
0 +  t 
0 -t t 
f o +  
I3 B. C .  
"- 

"- 

... 

+ O +  
+ O f  

O f +  
+ O +  
+ -t 0 

o +  t 
t + +  

+ -t 0 
c o +  

. + +  
o +  . 

-t + . 
-1 + . o +  . 
+ 

3 8.  C #  
"- 

"- 

... 

t+- t  
+ + t  

-t + ,. 
-t 0 ,. 
-t 0 ,. 
+ 0 I .  

-t + ,. 
+ 

V I X  o o m o  ::  :: 
LOdNNLO 

"" 

+ . . + +  
+ .. + .. 
+ .. + .. 
+ .. + .. 
+ .. + .. 
+ .. + .. 
+ ...... 
+ ...... 
f ...... 
+ ...... 
+ . . . . . .  
+ ...... 
+ ...... 
+ ...... 
f ...... 
be r l  OUcc 
- "_ 

"" 

+ . . + +  
4- ,. + .. 
t .. + .. 
+- ...... 
+- .. + ., 
+ .. + .. 
+ ...... 
+ ...... 
+- ...... 
+- ...... 
+- ...... 
+ ...... 
+ ...... 
+- ...... 
+ ...... 
l e r l  OOcc 
"" 

+ . . + +  
+ 

. . . . . .  + 
.. + .. + .. + .. + .. + .. + i .  + .. + 
.. + .. + 
.. + .. 

DATE 

1913 "- 
June 5 . .  .... 

" 7..  . . . . .  
" 8. .  ..... 
" 9  ....... 
" 10. .  ..... 
" 11.. ..... 

1 2 . .  ..... 
Averages.. ..... 
"- 
May 27 ...... .. 2 8 . .  ..... 

" 29 ...... 
" 30 . .  .... 
" 31 ...... 

June 2 . .  .... 
" 3  ....... 
" 4  ....... 
u 5  ....... 
y 7  ....... 
" 8  ....... 
Y 9  ....... 
" 10.. ..... 

11.. ..... 
12. .  ..... 

Averages.. ...... 
"- 

May 2 7 . .  ..... 
" 28 ....... 

29.. ..... .. 30 . .  ..... .. 31.. ..... 
June 2 . .  ..... 
u 3  ....... 
" 4.. ..... 
" 6  ....... 
u 7  ....... 
" 8  ....... 
Y 9  ....... 

1 0 . .  ..... 
11.. ..... 

" 1 2 . .  ..... 
Averages.. ..... 

400.8 

500 

1000 

100 
400 
150 

1500 
300 
180 
180 
30 

60 
280 

390 

.. 

.. 

., 

550 

1200 

430 
430 
210 
180 
289 
210 
850 
150 

280 
3Go 

.. 

.. 

.. 

563.5 

150 
1300 
260 
10 
50 
50 
10 

245.3 
" 

80 .. 
:preade 

650 
550 
70 

1500 
80 

190 
130 

0 
30 

130 
40 

.. 

184.6 

" 

93 

120 
.. 
.. .. 

560 
30 

890 
210 
290 
320 

0 
40 

180 
0 

246.8 
- 

Fermentation Test 
Colon Bacilli 

48 Hours Inrubntiou 
3700 

* I' 

I! 

_ -  
I 
" 

+ ../ 1 .. 
-t . . . . . .  
+ . . . . . .  
+ . . . . . .  
+ ...... 
+ ...... 

. + . . . . . .  

. + . . . . . .  

. + ...... 

. pe r 1 00 cc 

+ . . . . . .  . 
" - 

"" 

I 
f- .... , .. 
+ .. . . ' . .  
+ .. ..'.. 
+ .. . . I . .  

I 

+ ....... 
"" 

p c l r  1 ~ o a  cc 
_i"i_ 

+ .. +! .  

+ .. 
+ * .  

+ .... 
+ .. .. ' .. 
+ .. .. I . .  
+ .. . . i . .  

+,.. 
+ I -  

i 

+ .. . . I . .  
f *. / . .  + + * .  .. . . I -  

....... 
I 

"" 

"" 

t .. + i- 

o .. + .. 
t .. + .. 
1~ .. -L .. 
t , .  + .. 



INVESTIGATION OF POLLUTION OF BOUNDARY W A T E R S  
Field  Laborator)  Reports.  Laboratory  at  Niagara-on-the-Lake,  Ont.  Waters of the Western  End af Lake Ontario  and the 

Nianara  River 
" 

DATE 

1913 

Fermentation Test 
Colon Ear- i l l i  

48 Hour8 Incubation 
3 7 o a  

I I  I Counts 

' i  

* 2; G ..SI 
V.52.I: 
"2,g 
%;amri 
count 
?er CC 
" 

10 
0 
8 
0 
2 

13 
3 
" 

146.6 

" 

.. 
10 

1200 
.. 
20 
10 
30 
20 
10 
0 

14 
30 

5 
28 
32 

108.3 

80 

30 
30 
10 

500 
20 
40 
0 

15 
0 
3 

80 
32 

64.6 

.. 

.. 

" 

Colon Bacilli 
Fermentation Test 

48 Hours Inctibution 
37"O 

- i  " 

i *  
' 3  ; ,4 
;:,< 2 7  

1; Z m r  
."; I < ,  - 

I- O . d +  
Count 
Per CC 

500 

80 

520 
330 
210 

1200 
I50 
140 
450 
160 

260 
380 

365 

.. 

.. 

.. 

- 

0 u 
3 
3 - 
.. 
.. 
,. 
.. 
.. 
.. 
.. .. 
.. 
.. .. .. 
.. 
.. 
.. 
- 
rl 

- 

.. 

.. 

.. 

.. 

.. 
* .  
.. 
.. .. .. 
.. .. .. .. .. .. 
- 
r l  
- 
.. 
., 
.. 
.. 
.. 
.. .. .. 

V I  
"_ .~ 

.. . . . .  

.... 

.... 

.... 0 + + .... + + 4 

.. o + + +  .. + + 4- i .. o +  t t .. 0 + ., 0 4- + 4 .. o + + +  .. 0 + .t t 
* * + + + t  
.. 0 + + +  

19 60 E. C. PI 

-t 4 

_"" 
_"" 
...... 4- -1 
. ... 0 + -4 
.... 0 0 .... 0 -i- + .... 0 t- t 
.... 0 0 I 
,. 0 O f  ( 

~ 

.. 0 + -1- + 

. . O O O (  

.. 0 O f +  .. 0 0 0 +  .. 0 0 0 i  .. 0 0 0-I  .. 0 0 0 '  

1 85 E. C .  p 
_"" 
_"" 
.... 0 + .... 0 0 4 
.... 0 + -1 .... 0 0 4 .... 0 + -I 
. . 0 0 0 '  
. .+  0 + f  
.. 0 O f t  

' 

I: : I:: 
" 

t +  
t .. 
t .. 
t .. 
t .. 
t .. . . .  . . .  . . .  
. . .  ... ... 
. . .  . . .  
. . .  
" 

IO cc 

" 

t +  
f .. 
+ .. 
0 .. 
t .. 
1- *. 
. . .  . . .  . . .  
. . .  
. . .  
,. .. ,. ,. . . . .  
.... . . . .  
" 

10 c c  
" 

f .. 
i- .. 
0 .. 
0 .. 
f .. 
.... .... .... 

t 

E 

l. 
1: -I- " I ]  """ 

8 -  . -  

I: May 27. .  . . . . .  
2s.. ..... 

' I  23..  . . . . .  
" n o . .  . . . . .  
" 31.. ..... 

June 2 . .  . . . . .  
" 3 .  ....... 
1' 4. ...... 

5 .  ...... 
(L 7 .  ...... 
" 8 . .  ..... 
4 9  ....... 
" 10..  ..... 
" 11.. ..... 
" 12..  ..... 

Averages.. ...... 
."- 

May 27 . . . . . . .  
'' 28 ....... 
'' 29.. ..... 
" 30.. ..... 
I' 31.. ..... 

June 2 . .  ..... 
" 3 . .  ..... 
u 4  ....... 
6 5  ....... 
" 9.,  ..... 
" 10. ...... 
" 11.. ..... 
" 12. .  ..... 
" 13. .  ..... 
" 14. .  ..... 
(' 16..  ..... 

averages.. ...... 

120 

10 
10 

. IC, 
30 
;0 

275 .5  

.. 

"- 

- 
.. 
IO 

120 
20 
10 
30 
20 
10 
0 
14 
30 

5 
28 
32 

386.3 

.. 

" 

.. 
80 

30 
30 
10 

500 
20 
40 
0 

15 
0 
3 

80 
32 

742.7 

.. 

- 

June g . . . . . . .  8 .. 10..  ..... .. 11.. ..... 
" 1 2 . .  ..... 
" 1 3 . .  . . . . .  
I' 1 4 . .  . . . . .  .. 16 . .  ..... 

AveraQes. ....... 
"" 

May 28.. ..... 9 .. 29.. ..... 
" 30.. ..... 
" 31..  ..... 

June 2 . .  ..... 
" 3 . .  ..... 
" 4  ....... 
" 5 .  . . . . . .  
" 9 . .  ..... 
" 10..  ..... 
6l 11.. ..... 

1 2 . .  ..... 
13..  ..... 

" 14 ....... 
" 16..  ..... 

Averages.. ...... 
"" 

I -  

" 1 
- 1  
:I 

I 

I .  
223.07 

16 

45 

250 
40 
30 

380 
10 

0 
0 

33 
10 
0 
4 

100 

.. 

.. 

-1. 

I( 550 

;presde 
.. 

20 
0 

30 
2000 

10 
150 

18 

22 
40 
20 

260 

.. 

.. 

.. 

- 

40 

40 
0 
0 

3000 
10 

.. 

.. 

I -  

" 

I 
" 

I 

10 May 28 ....... 
I' 29.. ..... 

30.. ..... 
" 31..  ..... 

June 2 . .  ..... 
" 3 . .  ..... 
I' 4 . .  ..... 
" 5 . ,  ...... 
u 9  ....... 
" 10. .  ..... 
I' 11.. ..... 

12..  ..... 
13..  ..... 
14....... 
16.. ..... 

58.7 
- 

20 

480 
50 
0 

1300 
20 

.. 

.. 

~~ 

May 28 ....... 
29.. ..... 

" 30.. ..... 
" 31.. ..... 

June 2 . .  ..... 
u 3  ....... 
" 4  ....... 

6 . . . . . . .  

0 

Averages.. ...... 
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I 1  

Fermentation Teat 
Colon Bacilli 

48 Hours  Incubation 
3700 

i 
.* c 

DATE z 

a, 
M 
.d .- a 

1913 m 

DATE 

1913 
I- 

May 28. .  ..... 11 
" 29.. ..... 
" 30. . . . . . .  
" 31. .  ..... 

June 2 . .  . . . . .  
" 3 .  ...... ' 

4. . . . . . .  
" 5 ,  . . . . . .  
" 9 . .  ..... 
" 1 0 . .  . . . . .  
" 11. ...... 
(' 1 2 . .  . . . . .  
' I  1 3 . .  ..... 
" 1 4 . .  . . . . .  

15. .  . . . . .  1 

June 9 . .  ..... 
" 10. .  . . . . .  
" 11.. ..... 
" 1 2 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1.4 ....... 
" 16..  ..... 

Averages.. ...... 

May 28 . . . . . . .  .. 29.. ..... 
" 3 0 . .  ..... 
" 31.. ..... 

June 2 . .  . . . . .  
" 3. . . . . . .  
" 4 . ,  ..... 
" 5. ...... 
" 9.  ...... 
" 1 0 . .  ..... 
" 11.. ..... 
" 1 2 . .  ..... .. 13. .  ..... 
" 1 4 . .  ..... 
" l a . .  ..... 

Averages. ....... 

1 4  

30 
20 
10 

1200 
s o  

0 
90 
17 
3 
8 

150 
24 

.. 

I" 

1 4  

15 

ipreade 

3000 
1000 
100 
600 
100 
50 

1200 
400 
200 
250 
60 

500 

623.3 

.. 

.. 

" 

.. 
2SO 

2000 
120 
140 
180 
320 

BO 
1200 
600 
300 
300 
50 

400 

.. 

" 

456.9 

'E 

Averages. ....... 
" 

May 28..  ..... 12 
" 2 9 . .  ..... 
" 3 0 . .  ..... 
" 3 1 . .  . . . . .  

June 2 . .  ..... 
" 3. . . . . . .  
" 4 .  ...... 
" 6 . .  
<' 9 . .  ..... 
" 10.  . . . . . .  
" 11.. ..... 
" 1 2 . .  ..... 
" 1 3 . .  . . . . .  
" 1 4 . .  . . . . .  
" 1 6 . .  ..... 

preadel 
.. 
.. 

4000 
150 
7 :io 
180 

1000 
TO0 
31 0 
500 
300 
300 
380 
150 

6 7 8 . 3  
" 

May 28 . . . . . . .  
" 29 . .  ..... 
" 30 . .  .... 
" 31.. . . . . .  

June 2 . .  ..... 
'' 3 .  ...... 
i( 4 . .  ..... 
" 5. . . . . . .  
" 9 . . . . . .  
" 10. .  . . . .  
" 11 . . . . . .  
" 12 . .  . . . . .  
" 13.. ..... 

1 4 . .  ..... 
" 1 6 . .  ..... 

Averages. ...... 

Averages.. ...... 

May 28. ...... 13 
" 2 9 . .  . . . . .  
" 30..  ..... 
" 31. .  ..... 

.rune 2 . .  . . . . .  
" 3 .  ...... 
" 4 .  ...... 
" 5. .  ..... ' 

~ 

..  .. 
70  280 

TOO 20 
230 440 
80 80 

400 100 
210 0 

.. .. 

I- .. 
I -___. I '  

. 
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~ ~~ " - 

DATE 

1913 
"- 
May 28 ....... .. 29. .  ..... .. 3 0 . .  ..... .. 31 . .  ..... 
June  2 . .  ..... .. 3 .  . . . . . .  .. 4 .  ...... .. 5 .  . . . . . .  .. 9 ....... .. 1 0 . .  . . . . .  .. 11.. ..... .. 1 2 . .  ..... 

.. 13 . .  . . . . .  .. 1 4 . .  ..... .. 16.  ...... 
Averages.. ...... 

\ lay 28. . . . . .  .. 29 . .  ..... .. 30.. . . . . .  .. 31 . .  . . . . .  
Jane 4. ...... .. 3. . . . . . .  .. 4 .  ...... 

- 5  ....... .. 9. ...... .. 10. .  ..... .. 11.. ..... .. 1 2 . .  ..... .. 13 . .  ..... .. 1 4 . .  ..... .. 16 . .  ..... 
Averages.. ...... 
."" 

May 28 ....... .. 29..  ..... .. 30..  ..... .. 31. .  ..... 
J u n e   2 . .  ..... .. 3 .  ...... .. 4 . .  ..... .. 6 . .  ..... 
" 

I 
17 

- 

18 

- 

" 

96.6 

- 

preacle 

5000 
150 
90 

450 
30 

' 0  
380 
300 
500 
200 

40 
210 

612.5 

.. 

.. 

" 

- 

40 

1700 
150 
90 
70 
0 

.. 

.. 

E/ Colon Bacilli 1 1  I 

DATE 

1913 
- 

June  9 . .  ..... .. 10..  ..... .. 11.. ..... .. 12 . .  ..... .. 13 . .  ..... .. 14 . .  ..... .. 16 . .  ..... 
Averages.. ...... 

May 28 . . . . . . .  .. 29 . .  ..... .. 3 0 . .  ..... .. 31 . .  ..... 
June 2 . .  ..... .. 3. ...... 

n 4  ....... .. 5 . .  ..... .. 9 .  ...... .. 10.. ..... .. 11.. ..... .. 1 2 . .  . . . . .  .. 13 . .  ..... .. 1 4 . .  ..... .. 16 . .  ..... 

Averages.. ...... 
""- 
May 28. .  . . . . .  20 .. 29..  . . . . .  .. 30. .  . . . . .  .. 31 ....... 
June 2 . .  ..... .. 3 .  ...... 

" 4  ....... .. 5. .  ..... .. 9 . .  ..... .. 10. .  ..... .. 11 ....... .. 12 . .  ..... .. 1 3 . .  ..... .. 14 . .  . . . . .  .. 1 6 . .  ..... 
Averages.. ...... I 

" 

I 

" 

!SI 

reader  

500 
0 

60 
20 
30 
0 
0 

120 
17 
35 

150 
300 

102.6 

.. 

.. 

" 

- 

preadel 

650 
0 

140 
220 
20 
20 
80 
26 
12 
30 

120 
260 

.. 

.. 

" 

130.6 

Bacterid  Counts Colon Bacilli 
Fermentation T e s t  

" 

- 

0 .. ..I 0 1   ti..; o , . .  
1 4  . . . .  01 0 - t + .  . ii-i.. 
30 .... 
15 .. 
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Counts Colon Bacilli 
Fermentntion 'rrs( 

- .  

3 
1 

I 48 Hour3q:,yubation 
Fermentation Test 

37*c DATE 

1913 

June 9 . .  ..... .. 1 0 . .  . . . . .  
" 1 1 . .  ..... 
" 1 2 . .  . . . . .  .. 1 3 . .  ..... 
'' 1 4 . .  ..... 

16.. ..... 
Averages. ...... 
"- 
M a y   2 8 . .  . . . . .  .. 2 9 . .  ..... 

" 3 0 . .  ..... 
" 31 ....... 

June 2 . .  ..... .. 3 . .  ..... 
" 4  ....... 
" 5.. ..... 
Y 9  ....... 
" 1 0 . .  ..... 
" 1 1 . .  ..... 
" 1 2 . .  ..... 
" 1 3 . .  ..... 
" 1 4 . .  ..... 
" 1 6 . .  ..... 

Averages.. ...... 
" 

May 28 ....... .. 2 9 . .  ..... 
" 3 0 . .  ..... 
" a. a*. ...... 

June 2 . .  ..... 
" 3 .  ...... 
" 4  ....... 
(' 5. .  ..... 
" 9 .  ...... 
" 1 0 . .  ..... 
" 1 1 . .  ..... 
" 1 2 . .  ..... 
" 1 3 . .  ..... 
'I 1 4 . .  ..... 
" 1 6 . .  ..... 

Aver;,.. ........ 

DATE 

1913 

-I 
' I  

" 

0 
30 
9 

23 
50 
12 

200 

28.9 
" 

" 

24 

0 
40 
10 
20 
0 

40 
30 ' 

.. 

.. 

.. 
9 

1s 
ti0 

250 

29.2  
" 

52 

50 
40 
0 
0 
0 
10 
0 
6 
1 

10 
4 

400 

4 1  

e .  

.. 

- 

"- 

0 .. I 

G .. ( 

3 . . . .  
14 .... 

prezder .... 
18 . . . .  

10 .. 

preader .... 
. . . . . .  
40 . . . .  
40 .... 
20 . . . .  
20 .... 
0 .. ( 
0 .. ( 

5 .. c 
1 .... 
3 . . . .  

18 .... 
25 .... 

820 . .I ( 

-,- - 

1500 .... 
preader .... 

a0 .... 
50 .... 
20 .... 
20 .... 
10 .. ( 
0 .. ( 
0 .. ( 
2 .. ( 
2 .... 
6 .... 

preader .... 
40 .... 

140 1 8 3 .  

. . . . . .  

"_ 

May 28. ...... .. 2 9 . .  ..... 
" 3 0 . .  ..... 
" 3 1 . .  ..... 

June 3 . .  ..... .. 3 . .  ..... 
" 4  ....... 
" 6 . .  ..... 
" 9  ....... 
" 30 ....... 
" 31 ....... 
" 1 2 . .  ..... 
" 13 ....... 
" 1 4 . .  ..... 
" 1G.. ..... 

Averzges.. ...... 
"" 

90 

0 
30 
20 
20 
0 
0 

20 
S 

28 
90 

200 

.. 

.. 

25, 

I 
" 

" 

May 2s. .  . . . . .  1 2 .. 2 9 . .  ..... .. 3 0 . .  ..... 
" 2 1 . .  ..... ! 

June 2 . .  . . . . .  .. 3 .  . . . . . .  .. 4 .  . . . . . .  .. 5. .  . . . . .  
" 9  ....... 

i 

.. 
preade 

.. 
20 
70 
0 

10 
0 
0 
0 
9 

33 
40 
32 

200 

3 4 . 5  

" 1 0 . .  . . . . .  
" 11.. ..... 
" 12.. . . . . .  
" 1 3 . .  . . . . .  
'' 1 4 . .  ..... 
" 1 6 . .  ..... 0 + 0 ..; O'.. 

t I l l  0, ' . . ' . .  l- 0 01 O+.~ (I,. 
0 + 0 ..).. ' .. 
0 0 t- . . . . . .  

) + 0 +- . . .... 
) 0 0 + ...... 
) 0 o +  . . . . . .  

o +  0 .. O ' . .  
1 o +  0 ....... 
0 0 + . . I  i 1 . .  
0 0 , +  . . I  1 ~ . .  
+ f 
B. C.  pe r l  OOcc 

Averages.. ...... 
- 

23 

- I -  

May 28 ....... 
" 2 9 . .  ..... 
" 3 0 . .  ..... 
'' 3 1 . .  ..... 

Jusa 2 . .  ..... 
' I  a . . . . . . .  

4 . . . . . . .  
6 . . . . . . .  

32 

0 
0 
10 
0 

10 

.. 

.. 

~~ ~~ 

I '  
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Colon Bacilli 
Fermentation Test 

48 Hours  Incul~at ion 

Dnctrri, 

' 2 d  

- 
y &..Z 
m <  h; 

0 . a  .;.& 
m-m c - (4" 

Prr OC 
C'uunt 
_" 

- 
.. 

150 

20 
50 
10 

150 
0 

10 
0 

10 
4 

15 
9 

14 

31.6 

.. 

3 7 o c  

0 
u o u  
d o 4  0 0 0  

"_ 

0 + .. 
+ + .. 
+ + .. 
+ + .. 
0 0 . .  
G 0 . .  

+- 0 * .  
:. p e  r l  
-" 

"_ 
0 0 . .  
0 e . .  
0 + .. 
0 0 . .  
+ -t .. 
+ -1- , . 
f 0 .. 
0 + .. 
0 0 . .  
0 +  .. 
i- + .. 
i- -t . . 
0 4- .. 
0 + .. 
0 0 . .  
_" 

"" 

0 0 .. 
0 + .. 
t -t .. 
0 0 .. 
t 0 . .  
t + .. 
f 0 .. 
t 0 .. 
0 0 . .  
0 +  .. 

4- .. 
t + .. 
o +  .. 
t 0 .. 
o +  .. 
. p e  r 1 

- 

-" 

DATE 

1913 
" 

June  11.. .... .. 12.. ..... 
" 13.. ..... 
" 1 4 . . . .  .. 
" 1 6 . .  .... 

17 ....... 
" 1 6 . .  .... 

Averages. ...... 
"- 
May 30 ...... .. 31....... 
June  2 . .  .... 
" 3  ....... 
" 4  ....... 
(' 5. . . . . . .  
" g.. . . . .  
" 10.. . . . . .  .. 11.. .... 
" 1 2 . .  .... 
" 13 . . . . . .  .. 1 4 . .  . . . .  
" 1G.. .... 
" 1'7. . . . . . .  

18. . . . . .  

Averages.. ..... 
"" 

May 30. .  .... 
June 2 . .  . . . .  

" 31.. ..... 
" 3 . .  ..... 
" 4 . .  ..... 
(' 5. .  ..... 
" g...... 
" 10.. . . . . .  
" 11.. ..... 
" 1 2 . .  ..... 
" 13.. ..... .. 14.. ..... 
" 16.. ..... 
" 17.. ..... 
" 18.. ..... 

Avcrages.. ...... 

DATE 

1913 
"" 

May 26 ....... .. 2 9 . .  ..... .. 30.. ..... 
" 3 1 . .  ..... 

June 2 . .  ..... .. 3. .  ..... .. 4 .  ...... 
" 6  ....... 

9 ....... 
" 10. .  ..... 
" 11.. ..... 
" 12.. ..... 
" 13.. ..... 
" 14....... 
" 16.. ..... 

Averages.. ...... 
"- 
May 30.. ..... .. 31 ....... 
June 2 . .  ..... .. 3 ....... .. 4 . .  ..... 

" 5.. ..... 
u 9  ....... 
" 1 0 . .  ..... 
" 11 ....... 
" 12.. . . . . .  
" 13.. ..... 

14 ....... 
" 16 ....... 
" 17.. ..... 
" 18 ...... 

Averages. ...... 
"- 

May 30 ....... 
31.. ..... 

June 2 . .  . . . . .  
" 3.. ..... 
(' 4.. ..... 
" 6....... 
u 9  ....... 
" 10.. ..... 

T 2 :  :: "_ 
...... 
. . . . . .  . . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  

u 12 " ' m  
- I -  

120 
100 
200 
120 

8 
26 
58 

t +  
t -t 
t +  
t +  

+ ,  i- 

t" 
" 

I t C  " 

0 0  
-t 
t o  
0 i~ 
t 4 
t -t- 
t - t  
i- -! 

1 . .  

, 
01 I 

+I  -1. 
t! -1 

4. 0~ I + -4. 
1 

0' + 
t i~ 
- " 
IO c c  

" 

0 0  

tS 
t +  
1- + 
t +  
t +  
t f  
0 0  - +  - +  
O +  - +  
D +  
-4- 

I I -t- 

" 

0 cc  

...... "_ 
63 B .  

"_ 

. . . . . .  

.... ( 

...... 

...... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  ...... 

...... 

...... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
_" 
3 4. B.  

_" - 

...... 

.... c 

...... 

. . . . . .  

. . . . . .  

. . . . . .  ...... 

...... 
. . . . .  
. . . . .  
. . . . .  . . . . .  ..... ..... ..... --- 
36 B. 

" 

91.6 17.5 

" T 
preade~ 

180 
47 
21 
3s 
54 

100 
6 
6 

50 
200 
200 

20 
I50 
120 

50 
40 

100 
6 

15 
5 

12 
3 
5 

24 
48 
10 
5 
2 

20 

" 

" 

S 

" 

240 
50 
23 
19 
15 
4 

80 
14 
21 

5 
26 

100 
I 

17 
38 

43.5 
" 

.I- 

85.1 

" 

85 
0 

6s: 

28 
160 
80 
3 
3 

50 
76 

150 
5 

13 
140 

48 

2 . 9  

- I -  

20 
30 

110 
7 
8 

14 
32 
1 
1 

32 
9 

23 
1 
2 
12 

,28 
E. 

+ + .. + . r +  .... 7 
+ + .. 0 0 . . . . . .  preader 
+ + .. + +  ...... 10 
+ -t .. + + ....... 18 

+ + .. -t 0 +  40 I . . ' . .  
+-I - . .++ 40 1 1  . . . ... 

cc  00 r l  p e  C. 

- l o  I - - - - - -" 

54 + + .. + + .. . . I . .  

10 1 . . .... 0 , . . + +  
0 

1 

200 
L'30 
3F 
98 
42 
21 

100 
7 20.1 60.6 
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May  ,30.. ..... 36 .. 31....... 
J u n e  2 . .  ..... .. 3 .  ...... .. 4 .  ...... .. 5. ...... .. 9. ...... .. 10 . .  . . . . .  .. 11.. ..... .. 12 . .  ..... .. 1 3 . .  . . . . .  .. 14 ....... .. 16 . .  . . . . .  

1 7 . .  . . . . .  

Uounts Colon Bacilli 

! *!a- 3700 

- - 

*' f g m $  48 yours Incubation 
Fermentation Teat 

Averages.. ...... ~ 2 8 . 2  
i i" 

May 30 ....... 
" 31. .  ..... 

June 2 . .  . . . . .  ' 40 

.. 4 .  . . . . . .  15 
" 3 . .  ..... ! 44 

D . . . . . . .  i 120 '. - .. 9. ...... 1 1  
* 1 0 . .  . . . . .  1 80 .. 11.. ..... 1 120 

.. 1 3 . .  . . . . .  i 250 

.. 1 2 . .  . . . . .  1 14 

.. 14 . .  ..... 1 10 .. 1 6 .  . . . . . .  170 
" 1 7 . .  . . . . .  ! 0  

, 
Averages. ....... 1 6 4 . 4  

May 30 . . . . . . .  
" 31. .  ..... 

June  2 . .  . . . . .  0 
'* 3 .  

1 1  . . . . . .  I 25 
'. 4 . .  . . . . .  i ~ 15 
*' 5.  . . . . . .  1 1 300 
" 9 .  . . . . . .  i 0 
'< 10. .  .....I I 55 
" 11.. ..... 65 

1 5 . 6  I i 2 0 8 . 8 C . ~ p e   r l ' 0 0 l c c  
1 '  i 

I 

DATE 

1913 

J u n e  1 2 . .  . . . . .  
" 1 3 . .  ..... 
'' 14 . .  ..... 
" 16. .  . . . . .  
'' 1 7 . .  ..... 

Averages.. ...... 

May 30 ....... 
" 31..  ..... 

June  2 . .  ..... 
" 3 .  . . . . . .  
'( 4 .  . . . . . .  
" 5. . . . . . .  
" 9.. ..... 
" 1 0 . .  ..... 

11.. ..... 
" 1 2 . .  . . . . .  
" 13 . .  . . . . .  
" 14 . .  ..... 
" 1 6 . .  . . . . .  
" 1 7 . .  . . . . .  

Averages.. ...... 

May 30 . . . . . . .  
" 31  ....... 

J u n e  2 . .  . . . . .  
" 3 .  . . . . . .  
" 4.  . . . . . .  
" 5. . . . . . .  
" 9 . .  ..... 
" 10. .  ..... 
" 11.. . . . . .  
" 1 2 . .  . . . . .  
" 13..  . . . . .  
" 14.. ..... 
'' 16 . .  ..... 
" 17. .  ..... 

Averages.. ..... 

14 
300 
10  

200 
0 

7 5 . 6  

.. 
0 
4 
1 

21 
0 

80 
40 
3 
5 
0 

40 
0 

.. 

17 ' 

0 
5 
4 

12 
5 

60 
100 
100 

1 
0 
0 
0 
0 

22 .07  
" 

"" 

5 . . . .  
32 . . . .  

preader . . . .  
9 . . . .  
0 1 .  ., 

71  31 
"_ 

"_ 

. . . . . .  
30 . . . .  
0 . . . .  
6 . . . .  

18 . . . .  
0 . . . .  

33 . . . .  
9 .... 
0 . . . .  
3 . . . .  
1 .... 
7 . . . .  
0 .... 

8 .  2; 

. . . . . .  

" .- - 

. . . . . .  
20 . . . .  

5 . . . .  
2 . . . .  
0 . . . .  

26 .... 
8 . . . .  

17 . . . .  
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5 
8 
4 

15 
5 
.. 

10 
10 
6 
2 
3 
4 
3 

20 
1 

preadc 
greadel 
110 
16 
.. 
.. 

35.3 
" 

29 
35 

4 
10 
56 
20 
6 
9 
G 
5 

58 
38 
10 
30 
.. 
" 

22.8 

(( 22 ....... 
'' 24.  . . . . . .  
" 2 5 . .  . . . . .  
$' 2 6 . .  . . . . .  
" 28.  . . . . . .  
" 3 0 . .  . . . . .  

May 1 . . . . . . .  
" 2 .  . . . . . .  
" 3 .  . . . . . .  
" 4 .  . . . . . .  

Averages. ....... 
""1- 

Apr. 1 5 . .  ..... 
" 1 6 . .  . . . . .  
" 1 7 . .  . . . . .  
" 1 9 . .  . . . . .  
" 2 1 . .  ..... 
" 2 2 . .  ..... 

21 . .  . . . . .  
" 2 5 . .  . . . . .  
" 2 6 . .  ..... 

2 8 . .  . . . . .  
" 30. .  . . . . .  

May 1 . .  . . . . .  
" 2 . .  ..... 
" 3 .  . . . . . .  
(' 4 ....... 

Averages.. ...... 

Apr. 15.. ..... 
" 1 6 . .  . . . . .  
" 1 7 . .  . . . . .  
" 1 9 . .  ..... 

S 

S 

(( 2 2 . .  . . . . .  
'( 2 4 . .  . . . . .  
(' 2 5 . .  . . . . .  
'I 2 6 . .  ..... 
" 2 8 . .  . . . . .  
" 30 . .  . . . . .  

May 1 . .  . . . . .  
(' 2 . .  . . . . .  
" 3 .  . . . . . .  
" 4 . .  ..... 

-!- " 

C 

" 

8.07 1 9 . 5  

"_ 

5 
2 
T 
3 
4 

1.1 
4 

20 
3 
8 

preade 
110 

preade 
.. 
" 

.. 
16.2 

7 
11 
0 

11 
9 

6 
1 
5 
2 

29 
0 
6 

15 
10 

" 

.. 

9 .  

Averages. ...... 
" 

Apr. 1 5 . .  . . . . .  
" 1 6 . .  . . . . .  .. 17. .  . . . . .  
" 1 9 . .  ..... .. 21. ..... 
" 2 2 . .  .... 
" 2 4 . .  ..... 
" 2 5 . .  . . . . .  
'' 2 6 . .  . . . .  , 

35 
46 
10 
36 
29 
16 
11 
6 
1 -I- 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WA'I'ERS 
Field  Laboratory  Reports.  Laboratory  at  Kingston, Ont. Waters of Lake  Ontario  and  the  St.  Lawrence  River. 

I .  Bacterial  Counts Oolon Bacilli 

1 2  +- A * *  gm.g 48 Hours Incubation 
Fermentation  Test 

910n 
DATE 

1913 
"" 

Apr. 28.. .... .. 29 . .  . . . .  .. 30. .  . . . .  
May . 1.. . . . .  

.. 2 . . . . . .  .. 3 .  . . . . . .  

.. 4 . . . . . .  

Averages. ...... ""- 
Apl. 19. .  ..... .. 20. ...... 
" 21..  ..... .. 22.. ..... 
" 23.. ..... .. 24. .  . . . . .  
'( 25.. . . . . .  .. 26. .  . . . . .  

27. .  ..... .. 2 8 . .  ..... 
" 29..  ..... 
(' 3 0 . .  ..... 

May 1 ....... 
(' 2 . .  ..... .. 3 .  . . . . . .  .. 4 . .  ..... 

Averages.. ...... 

Spl.  19..  ..... 
" 20..  ..... 
(' 21. .  ..... .. 22. .  ..... 
" 23 . .  . . . . .  .. 24.  . . . . . .  
(' 25. .  . . . . .  
" 26. .  . . . . .  
(( 27.. ..... 
" 29. . .  .... 
" 30. .  ..... 

May 1.. ..... 
'( 2 . .  ..... .. 3 .  . . . . . .  
(' 4 . .  ..... 

Averages.. ...... 

DATE 

1913 

4 1  
48 
42 
l e  
14  
35 
.. 
" 

42 .9  

Apl. 19 . .  ..... .. 20. .  ..... .. 21. .  . . . . .  

0 . . . . .  
6 . . . . .  
7 .. '. . 

14 . . . . .  
8 . . . . .  

11 . . . . .  
50 . . . . . .  
10 . . . . .  
10 . . . . .  
28 . . . . . .  

I3 . . . . . .  
t i  . . . . . .  

110 . . . . . .  
18 . . . . I . .  . . . . . . . .  

1 4 . 3  I 2 3 B .  
"-1" - - 

0 . . . . . .  
6 . . . . . .  
4 . . . . . .  
.I .. . . .  

16 .. 

x . .  

16 

20 

"- 

I I  
7 

.. 
10 

l 
22. .  . . . . .  

" 2 3 . .  . . . . .  
I' 24. . . . . . .  
" 2 5 . .  . . . . .  
" 2 6 . .  . . . . .  
u 2 7 . .  . . . . .  

29..  . . . . .  
'' 3 0 . .  . . . . .  j 

May 1. . . . . . .  ~ 

" 2.  . . . . . .  ~ 

" 3. . . . . . . .  
" 4 . .  ..... ~ 

24 
9 

47 
24 
26 
32 
35 
41  
48 
22 
40 
22 
1 4  
10 
7 5 
.. 

Averages. .  . . . . .  . '  
. . I . .  f . . . .  -11.. .. 

7 .. 
7 .. 

20 . . 
20 . . 

sgreader . . 
10 , . 
28 . . 
30 . . 
. . . .  

~- 
1 3 . 1  

"- 

2 l.. 
9 ., 
3 .. 
G .. 
4 . .  
5 . ,  

5 .. 
sDreader . , 

Apl. 1 9 . .  . . . . .  42C 
" 20.. . . . . .  
" 21. .  . . . . .  

22. . . . . . .  
" 2 3  . . . . . . .  
" 24 . . . . . . .  
" 2 5 . .  . . . . . .  
" 26 . .  . . . . . .  
'( 27. .  . . . . .  ~ 

" 2 3 . .  . . . . .  
" 29. .  . . . . . .  
" 3 0 . .  . . . . .  I 

May 1 . .  . . . . . .  
" 2 .  . . . . . .  ~ 

" 3 .  . . . . . .  
~ 

" 4 .  ...... 

3 1 . 2  

" 

14 
15 
5 3 
36 
28 
24 
39 
21 
37 
38 
10 
12 
12 

180 
.. 

3 7 . 2  

I 
42 Averages . . . . . . . .  I 

" 

4 . . . .  . . I  0 '  O I . ,  

10 : : I . .  .. 0 0 .. 

. . . . . . .  I .  . I  o l  oi.. 

6 . . . .  . . I  0' 0 .. 
4 .. , .  0 0 1 .  

700 . . I . .  .. 0 + . . 
300 .. 0 0 .. , . I . .  

" 2 0 . .  . . . . .  
" 21. .  . . . . .  , 
" 22. . . . . . . I  
" 23. . . . . . .  

I '' 24. . . . . . .  1 

" 2 6 . .  . . . . . .  
" 25. . . . . . .  ~ 

'& 27. .  . . . . . .  ~ 

'I- - 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports,  Laboratory  at  Kingston,  Ont.  Waters of the  St.  Lawrence  River. 

DATE 

1913 

Apl. 19..  ..... 
" 20.. ..... 
" 21. .  . . . . .  
'( 22.. ..... 
'' 23. .  . . . . .  
'' 24. .  . . . . .  
" 25..  . . . . .  
" 26. .  . . . . .  
'' 27. .  . . . . .  
" 29.. . . . . .  
" 30. .  ..... 

May 1.. . . . . .  
2 . .  . . . . .  

" 3. . . . . . .  
" 4 . .  . . . . .  

Averages.. ..... 
"" 

Apl. 19 . .  .... 
" 20 . .  . . . .  
" 21..  .... 
'< 22. .  ..... 
I' 23.. .... 
" 24. .  ..... 
" 25. .  . . . . .  
" 26. .  .... 
'' 27 , .  ..... 
' I  29. .  . . . .  
" 3 0 . .  .... 

May 1.. . . . .  
(' 2 . . . . . .  

I' 3 . . . . . .  
" 4 . . . . . .  

Averages.. ..... 

Apl. 19 . .  . . . . .  
" 20 . . . . . .  
" 21. .  .... 
" 22. . . . . .  
" 23.. .... 

24 . . . . . .  
" 25. .  .... 
" 26. .  . . . .  
(( 27.. .... 

Bacterii 

io5 ,o 
:;; 22 i d  '1s 2 
:2E%5 

Io Mm': 

Count 
Per CC 
" 

32 
22 
76 
44 

6-5 
26 
17 
28 
26 
24 

8 
30 

4 
40 
.. 
26 

"- 

17 
17 
45 
24 
19 
32 
33 
22 
18 
33 
22 
18 
12 

,read€ 

" 

.. 
24 

22 
35 
35 
31 
10 
11 
12 
6 

24 

37oc  

"_ 
0 .. 
9 
2 1  
8 
3 
8 

reader 
10 
6 

reader 
3 
G 

540 
40 
.. 
" 

4 5 . 5  
" 

0 
7 
0 
5 

10 
10 
9 
8 
6 
5 

breadel 
3 

27 
450 
.. 
" 

4 1 . 5  
" 

1 
5 
7 
4 
5 
7 
8 
5 
5 

DATE 

1913 

Apr. 29..  ..... 
" 30 ....... 

May 1. ...... 
u 2  ....... 
" 3. ...... 
(' 4 . .  ..... 

Averages.. ..... 

Apl. 19 . .  . . . . .  
" 20..  . . . . .  
" 21. .  .... 
'( 22 ...... 
" 23..  . . . .  
'i 24 . . . . . .  
I' 25. .  . . . .  
" 26. .  .... 
" 27 ...... 
" 29..  .... 
" 30 . . . . . .  

May 1.. .... 
" 2 . . . . . .  
" 3. . . . . .  
" 4 . . . . . .  

Averages. ...... 

Apr. 1 6 . .  .... 
(' 1 9 . .  . . . .  
" 20 . . . . . .  
" 21. .  .... 
" 23. .  . . . .  
" 23. .  . . . .  

24 . . . . . .  
" 25. .  . . . .  
'' 26..  . . . .  
'' 27. .  . . . . .  
'' 29..  ..... 

30 . .  . . . . .  
May 1 ....... 

(( 2 .  ...... 
" 3 .  . . . . . .  
'( 4 . ,  ..... 

Averages.. ...... 

"" 

48 14 
16 spreader 
25 7 

5 300 
75 22 
.. .. 
"" 

25.3  30 
"" 

19 0 
15  2 
16 3 
8 8 
9 10 

10 5 
9 7 

12 2 
17 7 
24 spreade 
16 10 

5 3 
8 150 

70  180 .. .. 
"" 

17 4 .  

"" 

5 0 
10 1 

3 X0 
11 (i 

8 4 
6 3 
4  7 
9 12 

13 8 
2 100 
6 4 
5 slxeade 
4 28 

25 14 
150 10 
.. .. 
"" 

1 7 . 4   1 8 . 7  

P .  

" 

" 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports.  Laboratory  at  Kingston,  Ont.  Waters of $he  St.  Lawrence  River. 

~. ~ ~ ~- ~ 

Colon  Bacilli 

48 Hours  Incubation 
Fermentation  Test 

3 7 o c  

3ounts .___ Colon  Bacilli 

zm,a 48 .Hours Incubation 
Fermentation Test 

37oc  

0 0 0  

2 . . . . . .  0 0 .. .I- .. 
3 . . . . . .  0 0 .. + 0 
2 . . . . . .  
4 

90 0 0 .. 0 0 
40 . . . . . .  0 0 .. 0 0 
2 . . . . . .  0 0 .. + -1- 
1 . . . . . .  0 0 . .  0 0  

"200 . . . . . .  0 0 .. 0 0 
70 . . . . . .  0 0 .. + 0 
40 . . . . . .  0 -1 .. 0 0 
. . . . . . . .  O O ' . .  0 0  

- 
2 3 . 6   1 .  B.  c .  p e r 1  O O C C  

- 

2 . . . . . .  0 0 . . 0 0 . .  
1 . . . . . .  0 0 . . 0 0 . .  
6 . . . . . .  0 0 . . + +  
0 . . . . . .  0 0 . .  0 . .  
9 . . . . . .  0 0 . . - 1 - . .  
5 . . . . . .  0 O . . + +  

10 . . . . . .  0 0 .. 0 -1- 
4 . . . . . .  + +- .. 4- + 

20 . . . . . .  0 -1- .. + + 
10 . . . . . .  0 + .. + +- 

120 . . . . . .  0 0 .. + + 
40 . . . . . .  0 t .. -I -I- 
40 . . . . . .  o o .. 1- -1 
0 . . . . . .  0 0 .. - 1 -  0 
. . . . . . . .  0-1 .. 0 0 

5 2 . 8  11 B . , C .  p e i r l  OOcc I 
10 . . . . . .  0 0 .. 00 .. 
20 . . . . . .  i -1- .. 1 .. 
18 . . . . . .  ! I- .. t~ .. 
5 . . . . . .  
5 0 .. 00 .. 

10 . . . . . .  0 0 .. - 1 ~  + 
6 . . . .  ...+ +I . .  1 -1 

35 . . .  . . I  0 0 l . .  " + 
20 . . . .  

G . . . . . .  
R . . . .  

DATE 

1913 

Apr. 30. .  . . . .  
May l . . . . . .  .. z . . . . . .  .. 3 . . . . . .  .. 4 . . . . . .  

Averages.. ..... 

Apr. 15 . .  .... .. 1 6 . .  . . . .  .. 17 . . . . . .  
" 19 . .  .... .. 21. .  . . . .  .. 22 . . . . . .  

24. .  .... .. 25 . .  .... 
'( 26 ...... .. 28..  .... 
" 29. .  .... 
" 30. .  .... 

May l . . . . . .  
" 2 . . . . . .  .. 3 . . . . . .  .. 4 . . . . . .  

Averages. ...... 

Apr. 15 . .  .... .. 1 6 . .  . . . .  
" 1 7 . .  . . . .  .. 18 . . . . . .  
" 21 . .  . . . .  .. 22.  ..... .. 24 . . . . . .  .. 2 5 . .  .... 
" 26. .  . . . .  
" 28. .  . . . .  .. 29.. .... 
" 30..  .... 

May l . . . . . .  .. 2 .  ..... .. 3 . . . . . .  .. 4 . . . . . .  

Averages. .  .... 

? e ' !  ! 19 1: 
:: "1 ::I:: 
. . . . . .  
.. .. I . .  .. .. I . .  "- 
3 B .  9 .  
"- 

. . . . . .  

...... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
"- 
3 B .  4 .  

"- 

. . . . .  

. . . . . .  

. . . . .  

. . . . .  
* .  . * .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
.. . * .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  

-1- - 

111. 
B 

> o  i 1; 
" 

i t  
4 
t~ 

+ 

-t -  I 
- 1 -  i- 

1 .  

10 cc  
" 

" 

4 -  
.. -I- 
.. 

0 +  
.. 10 

0 +  
.. + 

o +  
t- t 

t +  
+ t 
t- t 
i- f 
i- t 
0 -+ 

t +  
t- t 

IO c c  
" 

" 

10 

0 0  
.. + 

+ +  .. + 
.. )O 
.. 

-1- + 
0 - 1  
0 0  
0 0  + +  

-1 + 
+ -t 
1 i- 
o -i- 
+ +  
18 cc  
" 

__ 

> v u  > o o  
4 1 0  rl 

I O  

"_ 

0 + .. 
1~ -I- . , 
0 +- .. 
1~ 0 .. 
1 4 .. 

;. pe r l  

-"- "_ 
0 0 . .  
0 0 . .  
0 + .. 
0 0 . .  
0 0 .. 
0 0 . .  
-t- + . . 
-1- -I- . . 
0 0 . .  
0 0 .. 

4- + .. 
i- + .. 

0 + .. 
0 -+- . . 
0 0 . .  

:. p e  r l  

.. 

"_ 

"- 

0 0 . .  
0 0 .. 
0 0 . .  
0 0 .. 
0 0 . .  
0 0 . .  
0 4- .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 . .  
0 + .. 

-I- -t . . 
0 0 .. 
0 + .. "_ 

E . i p e i r l  

grsadel 
66 

500 
.. 
.. 

Apr.  16 . .  . . . . .  22s 
'a 20. .  ..... 
I' 21. .  I . . . . .  

32 
8 

33 
20 
.. 

I -  
<' 2 4 . .  . . . . .  
'I 2 5 . .  . . . . .  
'' 26 . .  . . . . .  .. 2 7 . .  . . . . .  

29. .  . . . . .  
" 3 0 . .  . . . . .  

May 1 . . . . . . .  
. . . . . .  '. n 

" 2. 
D . . . . . . .  

' j 4 .  . . . . . .  

Averagcs ........ 

A p r .   1 6 . .  . . . . .  
" 1 9 . .  ..... 
" 20. .  . . . . .  
'< 21 . .  . . . . .  
" 23..  ..... 
" 24. .  . . . . .  
" 25. . . . . . .  
" 26 . .  . . . . .  
'' 2 7 . .  ..... 
" 29. .  ..... 
" 30.  . . . . . .  

May 1 . . . . . . .  
" 2 . . .  . . .  
j' 2 .  . . . . . .  
" 4 .  . . . . . .  

Avcrxp; .  ...... 

Apr. 15 . .  . . . .  .. 1 6 . .  . . . . .  
'' 1 7 . .  . . . . .  
" 1 9 . .  . . . .  
'< 21. .  .... 

(( 2 2 . .  . . . . .  

" 25. .  . . . .  
*' 26. .  .... 
'' 28 . . . . . .  
" 29. .  .... 

ti a 4 . .  . . . .  

-I- 3 1 . 4  
- 

48 
38 
71 
45 
9 

19  
34 
52 
12 
30 
18 
36 
24 
40 
44 
.. 

5 4 . 6  
" 

9 
10 
1 
5 
5 

11 
7 

15 
10 

5 
4 

44 
28 

qreade 

.. 

.. 

-I- . _  

2 1 . 6  

- 
5 
8 
8 

12 
4 
4 

22 
G 

11 
14  
10 
2 

12 
26 
.. 
" 

1 0 . 2  

C 

jl 
.- 

f 

" 

3 4 . 6  1 1 . 8  

13 
40 
12 
11 

4 
0 

2G 
36 
22 
21 
1 4  
16 

0 
45 
85 
.. - 

25.07 

20 
8 

18  
3 
9 
G 
G 

10 
10 

,preade 
5 

preade 
28 

200 
.. 
.. 

- 1 -  
i 15 

59 
66 
50 
18  
3 0 
43 

G 
30 
37 
24 

. I  I 

I 

I 

' I  . I  

2 5 . 9  
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports.  Laboratory at Kingston, Ont. Waters of the St. Lawrence  River. 

Bacterial Oounts Oolon Bacilli Colon Bacilli 
Fermentstion Teat d Fermentstion Test 

48 Hours Incubation 48 Hours Incubation 

DATE 
3700 DATE 

3700 
- 

1913 1913 
"-1 

"" i- 

. . ( . . I  
.. 100 10 " 3 0 . .  ..... 00(. . .. 0 0 . . . . . .  28 . 9 

---- __ -8"- - -" - - " " I 
' 1 ~; 

1 5 . .  ..... . . I  oi+ . . I . . ,  01 0 .. 8 7 235 Apr. 2 6 . .  . . . . .  001.. .. 0 0 . . . . . .  13 I 3 234 

" 1 9 . .  ..... 41 ~ 4 

. . . . . .  1 4  I 8 (( 2 2 . .  . . . . .  
( I ; +  ..!..I 01 0 100 20 (' 2 . .  + I . .  0 0 2 " 2 1 . .  . . . . .  

. . I  01-t . . I  01 0 60 7 May 1 O O ' . .  0 0 

0 0 . . 0 1 . .  
" 3 .  33 spreader . . I . . '  0 / +  l 01 0 

'' 2 4 . .  . . . . .  
" 2 5 . .  . . . . .  

o . . ~  o1 ..,.. i + ~  .. I' 4 .  . . . . . .  o o . . + +  ...... 
30 i 8 

7 i 51 
. . . . . .  0 0 . .  010 

" 2 8 . .  ..... 2 ~ 6 ...... 

.., 01.. ..'..( 01 0 2 21 ii 2 1 . .  + i +  .. + 0 . . . . . . . .  '( 4 . .  . . . . .  

01 0 .. + 0 . . . . . .  44 I 18 " 2 9 . .  
1 ' 1  O O . . O ( O  

. . . . . .  .. . . . . . .  ..... " 1 6 . .  
. . ~ + l +  01 0 

" 17 ....... 
'' 2 7 . .  O O . . 0 0 l . .  

37 ~ 9 
28 0;+- , 0, + 5 . . . . .  

.... ...... ....... .. 
12 .. ..... .. . . . . . .  

. . . . . .  .. .. 
. . . .  

" 2 6 . .  ..... -"i- rllOO1cc 1 8 . 6   2 5 . 5   l . ~ B . ' C . , p e  1- Averages.. ...... 0' 0 .. 0 0 . . . . . .  4 spreader 

"" .... .  i_l_I"l_(_ 

" 3 0 . .  

4 236 Apr. 1 6 . .  +I-+ + o 1 4  460 LL 2 . .  

oi + .. 0 0 . . . . . .  100 , I  ; I  ..... 
May 1 . .  ..... 01 -t .. 0 0 . . . . . .  it 240 

, I !  I 

. . . . . .  . . . . . .  . . . . .  .. o 

, -k,.. .. 0 0 . . I . .  .. 27 2 " 1 9 . .  . . . . .  
... 0' :- . . . . . .  ~ 01 .0 9 21 2 7 . .  . . . . .  
. . I  0 '  0 . . . .  . . I  01 0 25 1 9 " 2 6 . .  . . . . .  )""" 

o . . ~  0; o . . . .  , . I  o~ 46 13 " 2 5 . .  . . . . .  
. . I  0 1  0 ..#.. ~ 0! 0 14 4 

O . . I + j  0 ..'.., 01 28 8 .. .. $' 2 0 . .  ..... + l - t -  + + i " 3 .  
. . 'oo)..  i O! o 

May 1 . .  ..... 16 120 .. 0 0 .. 01 0 
" 2 0 . .  . . . . .  16 1 2 . , .. I . .  

" 2 1 . .  . . . . .  
..; oi 0 . . . . . .  . . I . . '  , o l+  28 19 '( 2 . .  . . . . .  0 -1- . . 0 0 

20 1 O . . . . . .  0 0 . .  010 " 3 .  . . . . . .  35 0 .. 01 o . . ;  01 0 

..... 
. . . . . .  .. . . . . . . . .  

. . . . .  .. 
" " - - - - - - - - .. 

" 2 3 . .  . . . . .  
'i 2 4 . .  

.. 01 0. . . ' . . I  01 0 .. T 13 
. . . . .  .. 

Averages. 

o . . ~  01 0 . .~. . (  0 ., 20 x " 3 0 . .  . . . . .  I .. .. 0 0 . . I . .  .. 
20 1 4 

235 Apr. 1 6 . .  . . . . .  

00:cc per1  C. 6. 9 .  

19 .8  1 70.6 

....... 
~ 

" 2 3 . .  ..... 8 j 20 . . . . . .  
.. 0 0 . . . . . .  0 " 2 5 . .  . . . . .  

- - _ " " 0 ' 0  0 0 . .  . . . . . .  12 6 " 2 4 . .  ..... 
..( 0 1  0 ..) 0 , +  . . . . . .  .. %' 4 .  . . . . . .  0 : 0  0 0 . .  

o l +  Average: ........ 15.08 .68.IC.lperljOi1cc 0 24 .8  

I '  

I"" -"" 

" I 1  

x 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 

DATE 

1913 

Apr. 13.. . 
" 13.. 
'' 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 

Field  Laboratory  Reports.  Laboratory  at X .In: 

COl lPCtCd.  
IIour 

immcdiately. 
Plated 

A.M.  P.M. _" --- 

11.30 

.. 12.30 

.. 12.30 

.. 12.30 

.. 12.30 

.. 12.30 

.. 11.30 

.. 11.30 

.. 11.30 

.. 11.30 

.. 11.30 

., 11.30 

. . 11.30 

.. 11.30 

.. 11.30 

.. 

Bacterial Counts 
i - 

$ 2 2 !u ,$ 
Fermentation  Test 

48 Hours Incubation 
!"N#.+ c 3:s 
i m  a 2s bu,a gZ 5 I ...s $ 

,d&" nm&4NY 0 " 0 0  

count Count 2 2 z 'd: 2 2 ; ? 9 9 per 00 per 
0 

~ .~ Colon Bacilli 
~~ .. 

3700 

mzm; ~ ~~~ ~ ~ .5- $;2i$ 

"""- 

150 

0 4 -  0 . .  0 . . . . . .  4 25 
4- 0 .. 0  0 . . . . . .  spreader 63 
+ 0 .. 0 0 . . . . . .  spreader 14 
00 0 .. 0  0 . . . . . .  8 preader 
+ 0 .. 0 0 . . . . . .  spreader  preader 
+ 0 .. 0  0 . . . . . .  spreader 59 . 
+ -1- .. 0 + . . . . . .  spreader 41  
+ 0 .. 0 0 . . . . . .  spreader 18 

0 - t  0 . .  0 . . . . . .  0 19 
4- 0 .. 0 0 . . . . . .  spreader 25 

0 1 -  0 0 . .  . . . . . .  2 67 
+ 0 .. 0 0 . . . . . .  spreader 69 
+- 0 .. -t 0 . . . . . .  spreader 64 
d- + .. f + ...... spreader 173 
-i- + .. + + . . . . . .  spreader 

Kston, Ont. Waters  of Kingston  Harbour. 

DATE 

1913 

Apr. 13.. . 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
'( 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 
" 13.. 

- - 
0 z 
.* * 
E 

9 

bo 
E 

a 
... - 
iR - 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

~~ 

A.M. 
" 

12.3( 
12.3( 
12.3( 
12 .3  
12.3( 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 

Bacterial Counts Colon Bacilli 

48 Hours Incubation 
Fermentation  Teat 

37oc  

--I--1-1-1- 
8 0 . . . . . .  

11 spreader . . . . . .  
9 2 . . . . . .  

45 4 . . . . . .  
12 spreader.. . . . .  
31  0 . . . . . .  
47 spreader . . . . . .  

103 spreader . . . . . .  
130 4 . . . . . .  
129 spreader . . . . . .  
40 . . . . . .  
37 

1 
4 . ..... 

32 spreader ...... 
45 9 . . . . . .  
23 spreader . . . . . .  

" 

l " " 0 0  
D o o m 0  

0 0 0  

+ m * m U )  ""_ 
0 

0 + ~  0 . .  0 
o +  0 . .  0 

-1- 0 .. 0 0 
O f  0 . .  0 
0 4 -  0 . .  0 

+ t- .. -t t 
-t- -f- . . -1- i 
-1- 4- . . + 0 
- 1  4 0 . .  0 

0 0 0  .. 0 0 
000 .. 0 0 
0 - i -  0 . .  0 
000  0 . .  0 
0 0 0  .. 0 0 
000 0 . .  
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS . 
Field  Laboratory  Reports.  Laboratory  at  Kingston,  Ont.  Waters oi Kingston  and CaDe Vincent  Harbours. 

DATE 

1913 
"- 
Apr. 1 3 . .  ..... 

" 1 3 . .  . . . . .  
" 1 3 . .  ..... 
" 1 3 . .  ..... 
'' 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  .... 
" 1 3 . .  .... 
" 1 3 . .  .... 
" 1 3 . .  .... 
" 1 3 . .  .... 
" 1 3 . .  .... 
" 13 ...... 
" 1 3 . .  .... 
" 1 3 . .  ..... 
" 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  .... 

" 1 5 . .  .... 
" 1 5 . .  ..... 
" 1 5 . .  ..... 
" 1 8 . .  ..... 
" 18 ....... 
" 1 8 . .  ..... 
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  ..... 
" 1 8 . .  . . . . .  
" 1 8 . .  ..... 
" 1 8 . .  . . . . .  
" 18. .  ..... 
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 18  . . . . . . .  
" 1 8 . .  . . . . .  
" 18 .  . . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
" 1 8 . .  . . . . .  
_I___ 

21 

i2 
Y .- 
lz 

2 

M .- 
e a 

- m 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

51 
52 
53 

66 
ti7 
68 
li9 
70 
71 
72 
73 
74 
75 
7 (i 
77 
78 
71) 
8 0 
81 
82 
83 
81 
85 
86 
87 
88 
89 
90 

0 
24 
24 
28 
20 
30 
45 
38 
3ti 
24 
30 
27 
44 
40  
17 
22 
30 
49 

35 
3 82 
300 

340 
250 

1560 
1540 

280 
390 
21 0 
1 0 
60 
64 
77 
40 
7 0 
50 

150 
80 

150 
330 

94 
90 

108 
60 

340 
1240 
1060 

> Q  
. ) "  
3 0  
u v )  
" 

n 00 
0 - 1 -  
0 -I- 
0 +- 
0 -1- 
t 00 
0 00 
0 00 
0 00 
0 -1- 
0 00 
0 00 
0 -i- 
0 00 
0 00 
0 -t 
0 00 
0 on 

I -1- 
I i -  
I -  I- 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
1 -4- 

+ 1- 

. . .  . . .  

. . .  
* .. 
. . .  
. . .  
. . .  
0 00 
0 4- 
+ + 
. . . .  
. . . .  
. . . .  
. . . .  

DATE 

1913 
"" 

Apr. 1 9 . .  ..... 
" 1 9 . .  ..... 
" 2 9 . .  ..... 
" 2 9 . .  ..... 
" 2 9 . .  ..... 
" 2 9 . .  . . . . .  
" 2 9 . .  ..... 
'' 2 9 . .  ..... 
'' 2 9 . .  ..... 
" 2 9 . .  ..... 
'' 2 9 . .  ..... 
'' 29 ....... 
'' 2 9 . .  . . . . .  
" 2 9 . .  ..... 
'' 2 9 . .  . . . . .  
" 2 9 . .  . . . . .  

2 9 . .  . . . . .  
" 2 9 . .  . . . . .  
" 2 9 . .  . . . . .  

I' 29 ....... 
'' 2 9 . .  ..... 
'' 2 9 . .  ..... 
4' 2 9 . .  ..... 
" 2 9 . .  ..... 
" 2 9 . .  ..... 
" 2 9 . .  ..... 
'' 2 9 . .  ..... 
'( 2 9 . .  ..... 
" 2 9 . .  ..... 
" 2 9 . .  ..... 
" 2 9 . .  ..... 

May 3 ....... 
Cape Vincent 

May 5 . . . . . . .  
'6 6 . .  ..... 
I' 5 . .  ..... 
" 5 . .  . . . . .  
" 5 .  . . . . . .  
" 5 .  . . . . . .  
" 5 .  ...... 
" 5 .  ...... 
6' 5 .  . . . . . .  
" 5 .  ...... 
6' 5 . .  ..... 
" 5 . .  ..... 
" 5 .  . . . . . .  
" 5 .  . . . . . .  

Z 
0 

5 
c 

j; 
M ,. - 
8 m - 
91 
92 

11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13i 
L3( 
1 3  
13; 
L3! 
141 
14 
14: 
14: 
14 
14! 

151 

15 
15 
15 
15 
15 
15 
15 
15 
16 
lti 
1 (i 
16 
16 
1 G  

I 

" 

5 
6 
7 
8 
9 
0 
1 
2 
5 
6 
7 
8 
9 
0 
1 
82 
'3 
4 
5 
B 
7 
s 
3 
D 
1 
2 
a 
4 
5 

0 

2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
'3 
84 
6 

15 
17 

380 
87 

100 
26 
29 
32 
28 
35 

105 
22 

340 
285 
140 
140 
(i 7 
38 
(30 
50 
70 
ti0 
78 
7.0 
ti2 
50 
76 
11 
15 
24 

6 

.. 
7 
4 
3 
5 

30 
7 
4 

1 4  
2 

12 
10 
6 
4 
.. 

__ 

Counts Uolon Bacilli 

j 
~ zm,s 48 Hours Incubation 

c; Fermentation  Test 

: -4SZ 3 7 o u  

"" 

4 . . . .  
0 . . . .  

preader . . . .  
11 . . . .  

160 . . . .  
12 .... 
12 . . . .  
10 . . . .  
8 .... 
7 . . . .  

11 . . . .  
preader . . . .  

40 . . . .  
33 . . . .  
23 . . . .  
21 . . . .  
10 . . . .  
11 . . . .  
14 . . . .  
12 . . . .  
12 . . . .  
6 . . . .  

23 . . . .  
1 4  . . . .  
5 . . . .  
5 . . . .  

17 . . . .  
4 . . . .  

)reader . . . .  
15 .... 
8 . . . .  
. . . . . .  
50 . . . .  
10 . . . .  

preader . . . .  
preader . . . .  
preader . . . .  
preader . . . .  
preader . . . .  

8 . . . .  
4 . . .  
4 ,. . 
6 . . .  

29 . . .  
preader . . .  

. . . . . .  

" 

, .  

, .  

, .  

, .  

, .  

, .  

, .  
. .  
. .  
, .  
, .  
. .  
. .  
. .  
. .  
- 

0 
0 0 0  
0 0 0  + I n *  
"- 

0 4- .. 
0 0 . .  

+ + .. 
0 + .. 
0 -1- . . 
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  
0 0 . .  

0 0 . .  
+ -1 .. + -i- . . 
4 t- . .  
-I- 4 . . 
0 4 .. 
0 1 .. 

- t  ~i .. 
0 .. 
0 1 .. 
0 0 .. 
0 0 . .  
0-1 .. 
0 + . . 
0 0 . .  
0 0 .. 
0 0 . .  
0 0 . .  
0 0 .. 
0 0 .. 
0 +- .. 
0 0 .. 
(I 0 .. 
0 0 * .  
0 0 * .  
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 . .  
0 0 .. 
0 0 .. 
0 0 . .  
0 0 . .  

n + .. 

E 
" 

.- 

3 : :  
9 0  u r n  
" 

+ +  
-k 00 

-I- + 
t +  
+ - 1 -  
0 
0 0  
-t 

0 0  
0 0  

-1. .I. 
0 0  
f +  
-1- .I+ 
-1- 4- 
+ i- 

I t -  
-1- i -  
-1- -t 
-1- 
t +  

i- 

t 
0 1 -  

-1- t 

0 0  
0 0  
0 0  

0 0 
-t 0 
-1- 0 
+ 1- 
t- 

0 0  

0 0  
0 0  

-1 0 
0 0  
1 0  
0 0  
0 0  
O +  
0 +  
n -1- 
0 4- 
0 +  
0 +  
0 - t  

n +  
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' INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Field  Laboratory  Reports.  Laboratory  at  Kingston, Ont. Waters of Cape  Vincent  Harbour. 

1913 i "- 
May 5.. . . . . . 

" 5. . . . . . . 
" 5. . . . . . . 
" 5 .  . . . . . . 

5. . . . . . . 
" 5. ...... 
" 5. , . . . . . 
" 5 .  . . . . . . 
" 5. . . . . . . 
" 5.. . . . . . 
" 5. . . . . . . 
'i 5.  . . . . . . 
<' 5. . . . . . . 
" 5. . . . . . . 
" 5. . . . . . . 
" 5. . . . . . . 
'( 5. . , . . . . 
I' 6.  . . . . . . 
" 6 .  . . . . . . 
" 6 .  . . . . . . 
" 6.. . . . . . 
" 6 .  . . . . . . 
" 6. . . . . . . 
" 6 .  . . . . . . 
'' 6. . . . . . . 
" 6 .  . . . . . . 
" 6 . .  . . . . . 
(' 6.. . . . . . 
" 6. . . . . . , 
" 7. . . . . . . 
" 8. . . . . . . 
" 9. . . . . . . 

10.. . . . . . 
" 1 4 . .  . . . . . 
" 15.. . . . . . 
" 17.. . . . . . 

Averages, . . . . . . . 
Point 194 only. 

Apr. 30.. . . . . . Village o f  

May l....... 
l6 2 . .  . . . . . 
" 3 . .  . . . . . 
*( 4 .  . . . . . . 
" E i . . . . . . .  
" 6 .  . . . . . . 

"" 

I 6F 
167 
L68 
I69 
170 
171 
172 
173 
174 
175 
176 
177 

179 
180 
181 
182 

183 
184 
185 
186 
187 
188 

I 78 

11 
4 
6 
6 
3 

10 
40 
3 

14 
11 
5 
5 
5 
8 
6 
5 
3 

5 
5 

11 
35 
20 
20 

189 spreade 
190 spreade 
191 16 
192 2 
193 35 

194 2 
19 
35 
0 

1 
3 
2 

8 . 8  

.. 

" 

"- 
ape  Vincent 

24 
42 
2 
.. 
.. 
.. 
1 

E 
r 
r 

E 

c 

" 

" 

- 

lounts 

' i d  

Count 
P e r  CC 
" 

preader 
3 
3 
2 
2 
1 
4 
8 

40 
0 
5 
1 
5 
2 
2 
0 
1 

0 
3 
1 
4 
5 

m e a d e  
11 

110 
50 

80 
meade 

ipreade 
ipreade 

.. 

.. 
0 

10 
2 
4 
" 

4 .  

" 

Tap Wa 
40 

150 .. 
.. 
.. 
.. 
.. 

Colon Bacilli 
Fermentation  Test 

$8 Hours Incubation 
37°C 

> 
J "  

;:: :: 
? 9 " .  
"- 

. .. 4 .  

I .  .. .. 
, .  .. .. 
,. .. .. 
.. .. .. 
,. .. .. 
.. .. .. 
.. .. .. 
.. .. .. 
.. .. * .  
.. .. .. 
.. .. .. 
.. .. .. 
.. .. * .  
.. .. .. 
.. .. .. 
.. . .  .. 

11.' -.. .. .. .. 
.. .. .. 
.. .. , .  .. .. . .  
.. . ,  .. 
.. .. .. 
.. .. .. 
.. . #  .. 
.. . I  .. 
.. .. .. 
.. . . I . ,  
.. . .. 
.. . I  .. 
.. .. .. .. . ,  .. 
.. . I  .. 
.. . I  .. 
.. . I  .. 
.. . ,  .. 
"- 
0 .  .I 5B 

"- 
er .. * .  .. .. ., .. .. .. .. .. .. .. 
.. .. .. 
.. .. .. ..  .. .. 

I '  

- 
0 0  
0 0  
ln3 .  

V I  

"_ 
3 + .. 
3 0 . .  
D 0 . .  
D 0 . .  
D $- .. 
0 + .. 
0 4- . . 
0 0 .. 
0 -1- . . 
0 4 .. 
0 -1 .. 
0 0. .  
0 -1- . . 
0 i- .. 
0 0 . .  
0 0 . .  
0 0 . .  

0 0 .. 
0 0 .. 
0 0 .. 
0 i- .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 + .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 . .  
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
I i  pe r l  
"_ 

0 0 . .  

0 0. .  
0 

0 
0 . .  0 
0 . .  

0 . .  0 
0 . .  

. .. .. 

0 
' 0  
' 0  
i l n  

" 

0 +  

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 +  
0 
0 - 1 .  
0 
0 -1- 
0 0  
0 0  
0 0  

0 0  
0 0  
O f  
t i  
-1 0 
t + 
0 0 
0 1  
t -! 
0 0 
i~ -1  

0 0  
i- 0 
0 0  
-i 0 
0 0  
0 0  
0 0  
0 0  

IO cc 

.c 

" 

" 

I 1  

0 0  
0 0  
0 0  
0 0  
0 0  

. .. 

DATE 

1913 
"" 

May 7.. . . . . . 
I' 8 . . . . . .  
" 9.. . . . .  
" 10.. . . . . 
" 14.. . . . . 
" 15 . . . . . .  
" 17.. . . . . 

Cape Vincent 
" s . . . . . .  
" 8. . . . . .  
" s . . . . . .  
" s . . . . . .  
(' s . . . . . .  
'I B . . . . . .  
'' 8 . . . . . .  
" s . . . . . .  
" s . . . . . .  
" s . . . . . .  
" s . . . . . .  
" s . . . . . .  
&' s . . . . . .  
" s . . . . . .  
" s . . . . . .  
" s . . . . . .  
" s . . . . . .  
" s . . . . . .  
" 9. ..... 
" g...... 
" g...... 
" g...... 
" g...... 
" g...... 
" g...... 
" g . . . . . .  
" g . . . . . .  
" g...... 
" g...... 
" g . . . . . .  
" 9. . . . . .  
" g...... 
" g . . . . . .  
" g...... 
" g...... 
" 9 . . . .  .. 
" g . . . . . .  
" g...... 
" 9. ..... 
" 9. ..... 

6 Bacterij 
g d -  

'"4 2 %  
2 e m - m ~  
0 g d . ; c &  
a "h*U 
$ Count 
TR P e r  CC 

0 gy;..; 5 d o l d O P  

"- 
60 

' 33 
5 

10 
10 
2 

lar b our Wal l  
301 0 
302 12 
303 0 
304 1 
305 6 
306 6 
307 4 
308 

190 309 
9 
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33 314 
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.. 

SI 

SI 

S 

S 

S 

S 

S 

- 
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10 
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- 
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b 

DATE 

1913 
"- 

Kingston 
May 11 ...... 

" 11.. .... 
" 11.. . . . .  
" 11.. . . . .  
" 11.. .... 
" 11.. . . . .  
" 11.. .... 
'* 11.. .... 
" 11.. .... 
" 11.. .... 
" 11 . . . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. .... 
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  

11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 1 1 . .  . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 11.. . . . .  
" 12 . .  . . . .  
" 1 2 . .  . . . .  
'' 1 2 . .  . . . .  
" 1 2 . .  . . . .  
" 12 . .  .... 
" 12.  . . . . .  
" 1 2 . .  . . . . .  
" 1 2 . .  . . . . .  
" 12 . .  . . . . .  
' I  12 . .  ..... 
" 12 . .  ..... 
" 12 . .  ..... 
" 12. : .  .... 
" 12. ...... 
" 12 . .  . . . . .  

356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
1173 
37.1 
375 
376 
377 

379 
380 
381 
382 
383 
384 

386 
387 

388 
389 
390 
39 I 
392 
393 

378 

385 

250 
340 
240 
220 
200 
185 
400 
360 
42 
80 
84 
76 
88 
70 
54 
18 

105 
24 
12 
2.1 
8 

12 
10 
14 
12 
1 li 
1 6 
12 
12 
14  
16 
12 

24 
30 
28 
38 
42 
28 

"- 
lar b our Watt 
355 260 

394 spreader 
$95 30 
196 24 
397  26 
398 1 4  
399 24 
400 24 
601 1 4  
902 32 

COUlltB 

i k- g t%J 

; y . z s $  
. + $: 

:zz 2: 
count  
Pe r  CC 
" 

preadel 
48 
64 
50 
54 
4 6 
58 

1 4 0  
50 
11 
42 
64 
34 
46 
34 
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60 

100 
24 
18 

100 
220 
18 
20 
16 
90 
4 0 
40 

22 
18 
1 4  
1 4  

%z 

meadel 
300 
220 
34 

120 
ipreade 
preader 
preader 

30 
26 
46 
10 
26 
16 
1 4  
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i 
t 
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-t 
0 
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-c 
-t 
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+ 
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1913 

May 12 . .  . . . .  .. 12. .  . . . .  .. 1 2 . .  . . . .  .. 12 . .  . . . . .  .. 12.  . . . . . .  .. 1 2 . .  . . . .  .. 12 . .  . . .  .q .. 1 2 . .  ..... .. 12 . . . . . .  .. 12 . .  . . . . .  .. 12 . .  . . . . .  .. 1 2 . .  ..... .. 12 . . . . . .  .. 12 . .  . . . .  .. 12 . .  . . . . .  .. 12 . .  . . . . .  .. 1 2 . .  . . . . .  
12 . .  . . . . .  

(' 12 . .  ..... 
" 12. .  . . . . .  .. 1 2 . .  . . . . .  
" 12 . .  . . . . .  
" 12 . .  . . . . .  .. 12 . .  . . . . .  
" 1 2 . .  . . . . .  
" 12 . .  . . . . .  
" 12 . .  . . . . .  
" 12 . .  . . . . .  .. 12 . .  . . . . .  
" 12. .  . . . . .  
" 12 . .  . . . . .  
" 12 . .  . . . . .  .. 12 . .  . . . . .  
" 12 . .  . . . . .  .. 12. .  . . . . .  
" 1 2 . .  . . . . .  .. 12 . .  . . . . .  .. 12. .  ..... .. 12 . .  . . . .  
" 12. .  . . . .  .. 12. .  . . . . .  .. 12 . .  . . . . .  .. 1 2 . .  . . . . .  .. 12. .  . . . . .  .. 1 2 . .  . . . . .  .. 1 2 . .  . . . . .  .. 12. .  ..... .. 12. .  ..... .. 12 . .  ..... 

I 

" 

I 

1 4  3 
26 4 
42  34 
36 20 
16 16 
8 10 

36 14 
16 gpreadel 
1 4  30 
8 20 

10 spreadel 
12 10 

ti  6 
4 10 
4 8 
8 10 
8 8 
6 12 

24 16 
18 10 
16 8 
6 8 

14 10 
18 20 
12  16 
12 8 
26  20 
12 24 
18 12 
16 1 4  
10 6 
14 16 
12 20 
7 3 

408 spreader  spreade 
404 spreader 20 
405  26 1 4  
406  26 14 
407  20 10 
408 spreader 1 ti 
40g.spreader 1 4  
410 spreader 1.1 
411 36  28 
412 spreader, 30 
4131spreader 16 
414 spreader 26 
415 26 spreade: 
41b 24 16 
417 spreader 34 
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419 
420 
421 
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423 
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425 
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427 
428 
429 
430 
431 
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r 
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DATE 

1913 

Clayton 
May  13 . .  . . . . .  

" 1 3 . .  . . . . .  
" 13.  . . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 13. . . . . . .  
" 13. .  . . . . .  
" 1 3 . .  . . . . .  
'' 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 13.. . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  . . . . .  
" 1 4 . .  . . . . .  
" 13.. . . . . .  
" 1 3 . .  . . . . .  
" 1 3 . .  . . . .  
" 13. .  . . . . .  
" 1 3 . .  . . . .  
" 13 . .  . . . .  
" 1 3 . .  . . . .  
" 13. .  . . . .  
" 13. .  . . . .  
" 13. .  . . . .  
I' 13.. . . . .  

Cape Vincent 
" 14 . .  . . . .  
" 1 4 . .  . . . .  
" 1 4 . .  . . . .  
" 14 . .  . . . .  
" 14.. . . . .  
" 14 . .  . . . .  
" 1 4 . .  . . . .  
'' 1 4 . .  . . . .  
" 1 4 . .  . . . .  
" 1 4 . .  . . . .  
" 1 4 . .  . . . .  
" 1 4 . .  .... 
" 14 . .  .... 
" 1 4 . .  . . . .  

Clayton 
" 14 . .  . . . .  
" 14 . .  . . . .  
" 14 . .  . . . .  

-~ 

I '  

' I  ' 

: I  

452 
L53 
454 
155 
1% 
157 
258 
359 
K O  
iG 1 
262 
th3 
164 
1G5 
166 
467 
468 
$69 
470 
47 1 
472 
473 
474 
475 
47 6 
477 
478 
479 
480 
481 

482 
483 
484 
485 
486 
487 
488 
489 
490! 

492 
493 
494 
495 
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497 
498 

491 I 

4 
8 
4 
2 
0 
2 
2 
0 
0 
6 
3 
8 
G 
6 
3 
2 
2 
0 
0 
0 
3 
0 
3 
4 
4 
3 
4 
0 
8 
3 

440 
380 
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360 
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300 
280 
180 
20 
18 
14 
22 

260 

3 
2 
4 
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23 
0 
ti 
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1 
3 
7 
3 
3 
1 
2 
1 
4 
0 
4 
1 
3 
3 
1 
4 
2 
5 
2 
3 
7 
6 
2 
2 
3 
3 

34 
1 6 

5 
14 
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3 
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4 
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20 
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. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  

. . . . .  

. . . . .  

. . . . .  

DATE 

1913 

May 14 . . . . . . .  
'' 14 . .  . . . . .  
" 14 . .  . . . . .  
" 14 . .  . . . . .  .. 14 . .  . . . . .  
" 14. .  . . . . .  

. " 14..  ..... 
" 14. .  . . . . .  
" 14 . .  . . . . .  
" 14 . .  . . . . .  
" 14 . .  . . . . .  
" 1 4 . .  . . . . .  
" 14 . .  . . . . .  
" 1 4 . .  . . . . .  
" 15 . .  ..... 
" 1 5 . .  . . . . .  
" 15 . .  ..... 
" 15 . .  . . . . .  
" 1 5  . . . . . . .  
" 16 . .  ..... 
" 16..  . . . . .  
" 16 . .  . . . . .  
" 16 . .  .... 
" 16 . .  .... 
" 16 . .  .... 
" 16 . .  .... 
" 16. .  .... 
" 16 . .  .... 
" 16 . .  . . . .  
" 16 . .  .... 
" 16 . . . . . .  
" 16 . . . . . .  
" 16 . .  . . . .  
'' 1 6 . .  . . . .  
" 1 6 . .  . . . .  
" 16 . .  . . . .  
" 1 6 . .  . . . .  
" 16 . .  .... 
" 1 6 . .  .... 
" 1 6 . .  . . . .  
" 16 . . . . . .  
'' 16 . .  . . . .  
" 16 . . . . . .  
" 16 . .  .... 
" 16 . .  . . . .  
" 16 . . . . . .  
" 1 6 . .  . . . .  

1991 '! io2 i03 
io4 
io5 
io6 
i07 
io8 
io9 
jl.0 
i l l  
512 

513 
514 
516 
516 
31 7 

518 
519 
520 
521 
322 
523 
524 
525 
526 
527 
528, 
533' 
534 
535 
636 
537 
538 
539 
540 

5-12 
543 
544 
545 
546 
547 
548 
3 9  

ti 
4 
0 
0 
0 
5 
3 
1 

24 
1 ti 
2 
4 
4 
2 

3 
3 
6 
1 
5 

10 
10 
16 
2 

21 
6 
9 

50 
66 
37 
21 

4 
5 
7 
2 
3 
8 
3 
4 
8 

16 
2 
4 
5 
2 
0 
4 

- 3  

!ounts 

0 
3 
7 

22 
1 
2 
0 
2 
0 
7 
4 
4 
4 
5 

0 
5 
0 
1 
1 

7 
5 
7 
6 
4 
0 
8 
2 
8 

23 
42 

4 
2 
2 
0 
0 
4 
4 
2 

24 
2 
2 
3 
2 
2 
4 
2 
4 
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18 Hours Incubation 
a v o  

! I s  ? ? ?  "_ 
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I 1 m r (  siH 
"_ 
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0 0 .. 
0 0 .. 
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0 0 .. 
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t~ I .. 
1 + .. 
0 0 . .  
1 -  0 . . 
0 0 .. 
0 1- .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 .. 
0 0 . .  
0 0 . .  
0 0 .. 
0 0 . ,  
0 0 .. 
0 0 . .  
t 0 .. 
0 0 . I  

t ~l , ,  

t -1- . , 
0 I . I  

0 0 .  
0 -1 . 
O ~ I  . 
0 1 .  
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0 4- . 
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DATE 

1913 
"- 

May 16.. 
Clayton 

" 16.. .... 
" 16 ...... 
" 16.. .... 
" 16.. .... 
" 16.. .... 
" 16.. .... 
" 16.. .... 
I' 16.. .... 

Kingston 
" 18.. .... 
" 18.. . . . .  
" 18.. . . . .  
" 18.. . . . .  
" 18.. . . . .  
" 18.. . . . .  
" 18.. . . . .  
" 18.. . . . .  
" 18 . . . . . .  
'' 18.. . . . .  
" 18.. . . . .  
" 18.. .... 
" 18.. . . . .  
I' 18.. . . . .  
" 18.. .... 
" 18.. . . . .  
" 18.. . . . .  
" 18.. .... 
" 18.. .... 
" 18.. .... 
" 18.. .... 
" 18.. .... 
" 18.. .... 
" 18 . . . . . .  
" 18.. .... 
'' 18. .  . . . .  
" 18.. . . . .  
" 18. .  .... 
" 18.. .... 
" 18. .  . . . .  
" 18.. .... 
" 18.. . . . .  
" 18.. . . . .  
" 18.. . . . .  
" 18.. . . . .  
" 18.. . . . .  
" 18.. .... 

18 ...... 
" 18.. .... 

. . . .  550 
551 
552 
5 5 3  
554 
555 
556 
557 
558 

560 
ib0 
561 
i f2  
563 
564 
365 
366 
507 
X8 
xi9 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 

581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 

580 

12 
2 
3 
5 
.1 
3 
0 
4 
5 

34 
44 
50 
32 
28 
42 
18 
15 
19 
31 
25 
21 
24 
21 
17 
16 
7 

1 4  
' 8  

10 
9 

10 
8 
7 

16 
17 
11 
15 
15 
6 

24 
7 
9 

11 
15 
40 
26 
40 
15 

~ 

! o u t s  _ _ _ _ ~ ~  

2 e  

4 2 %  
% m . 2  

LESE 
y.2 2 2  

Per CC 
Count 

" 

0 
0 
3 
7 

17 
40 
0 
8 
8 

(i 
5 
7 
6 
7 

14  
4 
6 

10 
7 

12 
5 
7 

12 
6 
5 
7 
7 
4 
5 
4 
7 
5 
3 
2 
5 
4 
3 
9 
5 
6 
9 
4 
6 

21 
25 
7 

10 
1 4  

Oolon Bacilli 
Fermentation  Test 

48 Hours Incubation 
a m  

J : "  
? ? ?  
2 4 0  

0 0  

-" 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

< < 

. -  

' I  I 

i 4 0 4  : I d  

0 0 01.. 

"_ 

0 , .  . 
0 . .  

0 0 . .  
0 0 .. 
0 0 . .  
0 0 . .  

I 

O' 0 / I . .  

0, .. 
1 1~ .. 
0 1- . , 
. .  .. 
+ I~ 

! 1 . . 
' : .. 

.. 
0 I .. + I .. 
0 1 .. 
! 1 

i I .. 
~ 0 .. 
+ -1- . . 
-1 I -  .. 
+ 0 .. 
~ 1 -  0 . . 
- 1  0 .. 
-1-  0 . , 
0 0 . .  
0 0 .. 
0 0 . .  
0 0 .. 
0 0 . .  
0 0 . .  
0 0 . .  

0 0 .. 
0 0 .. 
0 0 . .  
0 0 . .  
0 0 .. 
0 0 .. 
0 0 . .  
0 0 .. 
0 +  ., 
0 + . I  

+ -1 . I  

0 -I- ., 
0 + . I  

.. 

0 ob.. 

, > a a 
- 

l 
0 
0 
0 
0 
0 
4- 
I 

1. 

0 
I- + 
1. 

I 
-I 
t 
i- 
i~ 
+ 
+ 
A 

+ 
t- 
-1- 
0 
0 
0 
0 
i- 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-I- 
+ + 
-t 
-t- 
-i- 
-t 

DATE 

1913 

May 18 ....... 
" 18.. ..... 
" 18.. ..... 
" 18.. ..... 
" 18.. ..... 
" 18.. ..... 
" 18.. . . . . .  
" 18.. ..... 
" 18.. ..... 
" 18.. ..... 
" 18.. ..... 

Clayton 
" 18.. ..... .. 18.. ..... 
" 18.. ..... .. 18.. . . . . .  
" 18.. ..... .. 18.. . . . . .  
" 18.. . . . . .  
" 18.. ..... 
" 18.. . . . . .  
" 18.. . . . . .  
" 18.. . . . . .  
" 18.. ..... 
" 18.. ..... 
" 18.. . . . . .  
I' 18.. . . . . .  
" 18.. . . . . .  
" 18.. ..... 
" 18.. . . . . .  .. 18.. ..... 
" 18.. ..... 
" 18.. ..... .. 18.. . . . . .  
" 18.. . . . . .  
" 18.. . . . . .  
" 18.. ..... 
" 18.. ..... 
I' 18.. ..... 
" 18.. ..... 
" 18.. ..... 

Gananoque 
" 19.. ..... 
" 19 ....... 
" 19 ....... 
" 19.. ..... 
" 19.. ..... 
" 19.. ..... 
' I  19.. . . . . .  
" 19.. ..... 

598 
599 
600 
601 
602 
(503 
604 
605 
606 
607 
608 

609 
til 0 
611 
61 2 
61 3 
614 
615 
61 6 
ti17 
61 8 
(519 
620 
A21 
622 
623 
624 
625 
ti26 
627 
628 
629 
630 
ti31 
632 
633 
634 
ti35 
636 
ti37 

638 
639 
640 
541 
642 
643 
644 
645 

28 
48 
36 
26 
25 
15 
10 
1 4  
10 
7 

10 

8 
2 
2 
4 
1 
4 
7 
8 
5 
9 
6 

10 
10 
8 
7 

26 
28 
31 
16 
10 
1 
.. 
.. 
.. 
.. 
26 
42 
32 
38 

15 
46 
36 
28 
17 
42 
25 
32 

.- 
I 

Counts 
~~ 

; L C  
' 0 m.: 

'V.! 2:  
4 3: 

, o  &$ 
Per CC 
Count 

" 

15 
5 

11 
8 
7 
9 
3 
6 

12 
11 
6 

0 
5 
3 
3 
5 
0 
1 
4 
1 
3 
2 
4 
6 
5 
7 
7 
7 
7 
8 
1 
5 

17 
6 
3 

10 
12  

8 
ti 
7 

5 
5 
3 
2 
7 
4 
2 
7 

Colon Bacilli I 
Fermentation  Test 

48 Hours Incubation 
3700 

- 
0 

d 
0 
? 
- 
.I .. .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
., 

1 "  
1 "  
I T !  
" 

. . I  

. . .  

. . .  

. . .  

. . .  

. . .  

. . ,  

. . ,  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. ., 

. . .  

. . .  

. . .  

. . .  

. . .  

. ., 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. ., 

. . .  

. . ,  

. . I  

. ., 

. . I  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

' I  
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 
Field  Laboratory  Reports.  Laboratory  at  Kingston, Ont. Waters of Kineston  and  Gananoque  Harbours. 

May 19 646 .. 1 9 . .  ..... 647 .. 19 . .  ..... ~ 648 

.. 1 9 . .  . . . .  . '  050 .. 1 9 . .  ..... 651 .. 1 9 . .  ..... ' 652 .. 1 9 . .  ..... 653 

.. 19 . .  ..... 655 

Gananoque ....... 

.. 19 . .  . . . . .  ~ 649 

.. 19. . . . . . .  ~ (is4 

.. 19 . .  .... . I  (is6 .. 19 . .  ..... ~ 657 .. 1 9 . .  ...... 858 
6' 19.. .... . '  (i59 
" 19 . .  .... . '  ( 6 0  
" 1 4 . .  . . . . .  
" 1 9 . .  . . . . .  
" 19 . .  . . . . .  
" 19 . .  . . . . .  
'+ 1 9 . .  . . . . .  
" 1 9 . .  ..... 
" 1 9 . .  ..... 
" 1 9 . .  . . . . .  
" 1 9 . .  ..... 

19 . . . .  :.. 
" 1 9 . .  . . . . .  
'( 1 9 . .  . . . . .  
'< 19 . .  . . . . .  
" 19 . .  . . . . .  
" 1 9 . .  . . . . .  
" 19 . .  . . . . .  .. 1 9 . .  . . . . .  
'& 1 9 . .  . . . . .  
'+ 19 .  . . . . . .  
" 19 . .  . . . . .  
" 1 9 . .  . . . . .  
" 1 9 . .  . . . . .  
" 1 9 . .  . . . . .  
" 1 9 . .  . . . . .  
'* 19 . .  . . . . .  
" 19. ....... 
" 19 . .  . . . . .  
" 1 9 . .  . . . . .  
" 1 9 . .  . . . . .  
(' 1 9 . .  . . . . .  
" 19 . .  . . . . .  
" 1 9 . .  . . . . .  
" 1 9 . .  . . . . .  

25 
13 
13 
15 

8 
9 

14 
17 
11 
6 
4 

31  
28 
34 
31  
22 

15 
48 
23 
42 
24 
13 
36 
24 
2G 
18 
36 
41 
71 
28 
41 
23 
21 
15 
30 
40 
7 

15 
28 
6 
9 

10 
7 
4 

10 
1 0 
6 

.. 

- I -  

Counts Colon Bacilli 

1 $ ,4 . 4 "  37oc 
48 Hours Incubation 

Fermentation Test 

io.& 
U '  

" - - - - - - - 
6 . . . . . .  + + . .  
5 . . . . . .  0 + . .  
0 . . . . . .  + + .. 
5 . . . . . .  -t- + .. 
5 . . . . . .  0 + . .  
6 . . . . . .  0 i - . .  
9 . . . . . .  -f- + .. 
7 . . . . . .  + + .. 
5 . . . . . .  + +- .. 
5 . . . . . .  I - + . .  
4 . . . . . .  - 1 -  + .. 
7 . . . . . .  + -f- .. 
3 . . . . . .  4 - i  .. 
9 . . . . . . - I  + . .  
6 . . . . . .  + 3- .. 

11 . . . . . .  4- 4" .. 
ti ...... + -1- .. 
7 . . . . . .  + -if .. 

13 . . . . . .  4- +~ .. 
24 . . . . . .  -+ 3- .. 
22 . . . . . .  -i. -1 .. 
10 . . . . . .  + -1 .. 
13 . . . . . .  1 + .. 
14 . . . . . .  4 -t .. 
8 . . . . . .  4 1 .. 

20 + 
12 . . . . . .  ' .t .. 

8 . . . . . .  -i- 1 .. 
30 . . . . . .  -1  4- .. 
13 . . . . . .  -i -1- .. 
12 . . . . . .  i -+ . . 
12 . . . . . .  4- 4 .. 
1% . . . . . .  ! 1 .. 
6 . . . . . .  1 I .. 
6 . . . . . .  + 1- .. 
8 . . . . . .  1 ~1 .. 
7 . . . . . .  + + .. 
7 ...... ~ t- .. 

12 . . . . . .  - 1  1- .. 
6 . . . . . .  i -  -1 ,. 
2 . . . . . .  0 0 .. 
4 . . . . . .  0 i~ .. 
4 . . . . . .  0 0 . .  
4 . . . . . .  0 0 . .  
4 . . . . . .  .. 
5 . . . .  

-: . . . . . . . . .  
I- 

20 . . . . . .  1 - 1  .. 

. . . . . .  - 

". - 

DATE 

1913 

May 19 . . . . . . .  
" 19 . .  ..... 
" 19 . .  . . . . .  
" 19..  . . . . .  
" 1 9 . .  . . . . .  
" 19 . .  ..... 

Kingston 
20. . . . . . .  

" 20.. . . . . .  
" 20.. .... 
" 20.. . . . . .  
" 20.. . . . . .  
" 20.. . . . . .  
" 20.. . . . . .  
" 20. ....... 
'i 20.. . . . . .  
" 20.. . . . . .  
" 20.. . . . . .  
" 20. . . . . . .  
'( L'o.. . . . . .  
" 20.. . . . . .  
." 20.. . . . . .  
" 20.. . . . . .  
" 20. . . . . . .  
" 20.. . . . . .  
" 20. . . . . . .  
" 20.. . . . . .  
' j 20.. . . . . .  
<' 20.. . . . . .  
'( 20.. . . . . .  
" 20.. . . . . .  
" 20. .  . . . . .  
" 20. . . . . . .  
" 20.. . . . . .  
" 20. . . . . . .  
" 20.. . . . . .  
' l  20.. . . . . .  
" 20.. . . . . .  
" 20.. . . . . .  
" 20.. . . . . .  
" 20.. . . . . .  
" 20.. . . . . .  
" 20.. ..... 
" 20.. ..... 
" 20.. . . . . .  
" 20.. . .... 
" 20.. . . . . .  

' " 

694 
695 
696 
697 
G98 
699 

700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
7281 
7291 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 

7 
12 
7 
8 
2 

23 

10 
4 
9 
8 
9 
4 
6 
5 
9 
3 
8 
3 
4 
5 
2 
5 
3 
3 
1 
1 

15 
6 
5 
6 
8 
5 
6 
9 
9 
3 

10 
1 
5 
0 
7 
3 
4 
4 
3 
5 

- 
" 0  

X 8  x v )  
" 

+ o  
0 4- 
0 0  

+ o  
0 +  
0 +  

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  . 

+- 0 
0 0  

+- 0 
0 0  
0 0  

-+ 0 
0 0  
0 0  
0 0  
0 -1- 
0 i~ 
0 +- 
0 0  
0 7  
0 i- 
i- i 
0 7- 
0 r-  

0 !- 
0 i- 
1 0  
S f  

I- + 
; -  + 
-t + 
4- i- 
0 -t 
0 0  
0 -t 
0 -t 
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INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Field  Laboratory  Reports.  Laboratory at Kingston, Ont. Waters of Gananoque Harbour. 

- - 
Gananoque 

1 1  

May 2 0 . .  ..... 800 9 .. 2 0 . .  . . . . .  8011 18 .. 2 0 . .  ..... 802 21 .. 2 0 . .  . . . . .  803~ 18 .. 2 0 . .  . . . . .  504 40 

.. 2 0 . .  ..... 806 15 
" , 2 0 . .  . . . .  . I  806 12 

.. 2 0 . .  .... . I  807' 28 
" 2 0 . .  . . . . .  80SI 8 .. 2 0 . .  ..... 809'  9 .. 2 0 . .  ..... ~ 810: 8 
" 2 0 . .  ..... I 811 7 .. 2 0 . .  . . . . .  812~ ti .. 2 0 . .  ..... ~ 813, G .. 2 0 . .  ..... 814~ 4 

~i 

counts 
t Fermentation  Test 
j $ m,g I 48 Hours Incubation 
a * 5 % l  3 7 0 0  

1 Colon Bacilli 

" - 
l i  

" 2 0 . .  ..... I 8151 
" 2 0 . .  ..... , 8161 
" 2 0 . .  . . . . .  
" 2 0 . .  ..... 
" 2 0 . .  , . . , . 
" 20 . .  ..... 
'< 2 0 . .  ..... 
" 2 0 . .  ..... 
(' 2 0 . .  ..... 
" 2 0 . .  ..... 
" 2 0 . .  . . . . .  
" 2 0 . .  , . . , , 
" 2 0 . .  ..... 
" 20.  . . . . . .  

2 
7 
G 
5 

12 
2 
8 
5 
5 
4 
4 
7 

24 
2 

Oounts 

I bms 
$2 a E 

~ ~~~ 2: 

-4 

Per CO 
Count 

" 

1 
4 
4 
7 
9 
5 
5 
7 
3 
7 
7 
3 
3 
7 

~~ . " . " 
~~ 

Colon Bacilli 
Fermentation Test 

48 Hours Incubation 
3 7 o c  

: : l o  
2.2 :: 
? ? ' !  -I- - . . I . .  .. 
::I.. .. 

I . .  .. 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  

.. I . .  .. 

I: 
r 

.- 

- 
1 ~ " U V  

i *;I: 5 g 1 :  - _,- - - 

0 0 .. 00 .. 
0 0 .. 00 .. 
0 0 .. + .. 
0 0 .. 4- .. 
0' 0 .. 00 .. 
0 0 * .  + .. 
0 0 .. 00 .. 0 +I.. 00 .. 
01 ol.. 00 .. 
01 01.. + .. 

I 1  
i I  

0 0 .. 00 .. 
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INVESTIGATION OF POLLUTION OF BOUNDARY  WATERS 

Averages. ....... , ~ ~ 1 1 . 5  

May 5 ....... 
I' 6 .  5 1  a; 
" 's . . . . . . . .  40 

. . . . . .  ' 

. . . . . .  8 

May 5 . .  . . . . .  .. .. 6. . . . . . .  .. -1- 0 
" 7..  . . . . .  .. 8 ........ 

Averages. ....... 

May 5 . .  . . . . .  

7. 
" 6  . . . . . . . .  . .  
" 8 .  . . . . . .  

Averages. ....... 1 j 1 25.2 ~ 6.3 j ( l . ~ B . ~ C . ~ p e ( r l ~ O O ~ c c  
I 

_ I -  

. . .  . . . . . . .  
1 " 

I 
I 

8 . . . . . . .  

I Averages.. ...... 
, "" 

1 May 6 . .  . . . . .  
" 7 . ,  . . . . .  
" 8 .  . . . . . .  

Averages.. ...... 

May 5 . . . . . . .  
" 6 . .  ..... 
' I  7.. ..... 
" 8.. . . . . .  

Averages. ....... 

" 6 .  ...... 
" 7 . .  . . . . .  

8 . . . . . . .  I' 

Averages. ....... 

May 5 . .  . . . . .  
" 6 . .  . . . . .  
" 8 .  . . . . . .  

. . . . . . .  

Averages. ....... 
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INVESTIGATION OF POLLUTION OF BOUNDARY WATERS 
Field  Laboratory  Reports.  Laboratory at Kingston, Ont. Waters of the St. Lawrence  River. 

~~~~ ~ ~~~~~ ~ ~ ~ ~~~ 

DATE 

1913 
"" 

May G...... . 
(' 6. ...... .. 7 .  . . . . . .  
" 8. .  . . . . .  

Averages.. ..... 
May 5 . .  . . . . .  .. 6 .  . . . . . .  

" 7 . .  ..... .. 8.. . . . . .  

Averages. ...... 
May 5. .  . . . .  .. 6...... .. 7 . . . . . .  

" s...... 

Averages. ...... 
May 5 . . . . . .  .. 6...... .. 7 . . . . . .  

" s...... 

____" 

Averages.. ..... 
Brockvillt 

May 5. .  . . . .  .. 6...... 
" 7 . .  .... .. s . . . . . .  

"" 

Averages. ...... 

May 5 . . . . . .  .. 6...... 
" 7. . . . . . .  .. s...... 

Averages. ...... 
"~ 

May 6...... (' 7 .  ..... 
" s...... 

Averages. ...... 

.. 0 4- 

.. 0 0 

45 spreader .. 0 0 
.. 

. . . . .   . .  ' , 0 

~ 1 6 .  1 6 .  1 12.B.E.1pzIr l  OO~ac - 
18 28  7 . . . . . .  0 - i  .. 0 1 

2  20 . . . . . .  o o . . o o  
16 50 . . . . . .  0 0 . .  0 0  
12 "117 . . . . . .  

- 

19 20 9 . . . . . .  0 0 .. 0 -4- 
10 30 . . . . . .  0 0 . .  0 0  
12 4 . . . . . .  0 0 .. 0 + 
10 "120 . . . . . .  0 0 .. 0 0 

1 3 .   1 4   1 . B . C . p e r l b O c c  
~ " - - - - - - - - 

- "" - - - - - - - - 
Tap Water 

9 15 . . . . . .  O O . . O O  
13 50 . . . . . .  0 -1- .. + 0 
GO 11 ....... 0 - 1 -  . . -1- + 
80 G . . . . . .  O O . . O O  

40.5  2 0 . 5  6 .  B .  C. pe  r l  00 cc 
~ - 

- - - - - - - - - - - 
20 3 5 . . . . . .  0 0 . .  o +  

spreader 10 . . . . . .  0 0 .. 0 0 
12 4 . . . . . .  0 0 . .  0 0  

100 spreader . . . . . .  0 0 .. 0 0 

3 6 . 3  6 .  0 . 5  B .  C. pe r l  00 cc  
" " - - - - - - - - 

- "" - - - - - - - - 

21 70 spreader . . . . . .  0 0 .. 0 0 
31 3 . . . . . .  0 0 . .  0 0  
IG 8 . . . . . .  0 0 . .  o +  

3 9 .  5 0 .6  B .  C. pe r l  00 cc 
" - - - - - - - - 

I I  

DATE 

1913 
"" 

, '  May 5 . .  . . . . .  .. ..... i 6.. 
i '  $6 7 ....... 

~ I' 8.. . . . . .  
Averages.. ...... 

' I  ----- 
Apr. 6.. . . . . .  

1 " 7 .  . . . . . .  
' 1  " 8 . . . . . . .  

, Averages.. ...... 
I :  May 5 . .  . . . . .  

6 . . . . . . .  
7 . . . . . . .  

I " 8 . . . . . . .  

" Averages.. ...... 
i 

,~ May 6 . .  . . . . .  
" 7 . .  . . . . .  .. 8. . . . . . .  

~i ----- 

~l 

1 ~ Averages. ....... 

i May 5 . .  . . . . .  .. 6. ...... 
L6 7 . .  

- ~ -  
, 
i l  

. . . . .  
~I 'I 

i 

. . . . . . .  
I 1  
I 1  
' I  Averages.. ..... 

Prescott 
i " 11. ...... .. 14.. . . . . .  I !  " 

I 16. ...... 
i '  i Averages.. ...... 

8 

"- 
... . .  May 9 . .  

" "" i~ 

~~ " 

I 

' I  May 9 . .  . . . . .  
11. ...... 
14. 
16. 

. . . . . .  

...... 
Averages.. ...... 

Bacterial 0 9 -  

la 
I2 

" 

i -  

&.6 $ sa.; 
i i  

c44;z - 4 - +  
p 2 $  m - m a  4u.s Z P Z a a  S$ 
Count Count 
M&*U u m & c r u  

Per CC Per CC "- 

12 8 
?reader spreader 

10 12 
12 "130 

1 1 . 3   1 0  
"- 

"" 

26 spreadel 
1 G spreadel 
20 spreadel 
"" 

2 0 . 6  
"" 

17 5 
12 spreadel 
lG 5 

"" 

23 spreade: 
17 4 
34 5 

24 .6   4 .5  
"" 

"" 

48  25 
43 G 
16 5 
32 40 

34 .7  1 1 9  
"" 

28 23 
7 0 

28 spreadel 
8 22 "- 

17 .7   15  
"" 

10 2F 
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" 22. .  ..... 
" 2 3 . .  ..... 
'' 24 ....... 
'' 27..  ..... 
" 2 s . .  ..... 
" 29. .  ..... 
" 31 ........ 

Nov. 3 . .  ..... 
&' 4 .  . . . . . .  

Averages. ....... 

Oct. 2 . .  . . . . .  
" 3..  . . . . .  

I' 4.  ...... 
'' 8 .  . . . . . .  
" 9 . .  . . . . .  
" 10..  . . . . .  
" 11.. . . . . .  
+< 1 3 .  . . . . . .  
i' 1 4 . .  . . . . .  
" 15 . .  . . . . .  
" 1 6 . .  . . . . .  
I' 1 7 . .  ..... 
" 22..  ..... 
" 23..  ..... 
'' 24. .  ..... 
" 27..  ..... 
'' 2 8 . .  . . . . .  
" 29. .  . . . . .  
'' 31.. ..... 

Nov. 3 . .  . . . . .  
'& 4 . .  ..... 

lveragcs.. ...... 

- ~ ~ ~ 

? $ 2 2 g S  
" , v : s : :  

""" 

0 -1- .. + . . . . .  
0 +- .. + . . . .  
0 -1- .. 1 -  . . . . 
0 + .. -1- . . . .  
4- -1- .. -t . . . .  
0 + .. +- . . . .  

-1- +- .. i I . .  .. 
-t i- .. I 

-1 1 I . .  t~ . . . .  
t~ 4- .. 1 . . . .  

~4 1 i . .  .. 
0 1- .. 1- . . . .  
+ ' .. * .  
+ i 
0 3- . . . . . . . .  
t~ 4 . . . . . . . .  
0 i- . . . . . . . .  

- 1 ~  I .. -1 I.. .. 

I.. .. 

-1- 

0 I -  : : I  + . . . .  

. * I - '  I . . ' .  . . . . .  

0 O i . .  . . . . . .  
. 0  , . . . . . . . .  

:o li ~ p e l r l ' d c c  
"_ i I l I  
""" 

... .  

. . . .  

. . . .  
.. . . . .  

-i- I -  .. -1 . . . .  
I i- .. i- . . . .  r .... 

. . . .  

. . . .  
1 -  i 

. . . .  
.. 

0 1  
0 + 

Oct. 2 . .  . . . . .  29 
'l 3 .  . . . . . .  
" 4 . .  ..... 
" s .  . . . . . . .  
" 9 .  . . . . . .  .. 1 0 . .  . . . . .  
$' 11 .  . . . . . .  
'' 13 . .  . . . . .  
" 1 4 . .  . . . . .  
:: E:::::: I 
" 17 . .  . . . . .  
( L  22. .  . . . . .  
" 23. .  ..... 
(' 24.. . . . . .  
" 27..  . . . . .  
'' 28.. ..... 
" 29. .  ..... 
" 3 1 . .  . . . . .  

Nov. 3 . .  ..... 
" 4. ...... 

Averages. ....... 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

. *  

.. 

.. 

.. 

.. 

.. 

.. 

.. 
" 

165 
93 

22ti 
200 
492 
204 
177 
(io0 
760 
340 
270 
640 
230 
460 
160 
71 

270 
" 

" 

- 1 -  
i 

!- -I- 

. . 1 99 

.. 1 78 

. . 1 2x2 

.. ! 92 

.. i 105 

.. 1 71 

124 

. . 826 

. . i 238 

: : 1 273 

i 
.. ! 213 
. . ' 267 
.. I 480 
.. ' 210 .. i 278 
.. 1 x0 
.. I 170 
. . 1 320 
.. I 30 
.. 1 75 

I 225 

Oct. 2 . .  . . . . .  
" 3 .  . . . . . .  
" 8 .  . . . . . .  
" 9 .  . . . . . .  
" 1 0 . .  . . . . .  
" 11.. . . . . .  
" 1 3 . .  . . . . .  
'' 1 4 . .  . . . . .  
" 15. .  . . . . .  
" 1 6 . .  . . . . .  
" 1 7 . .  
(' 2 2 . .  . . . . .  

I . . . . .  
" 23. .  ..... 
'' 24. .  ..... 
'& 27..  ..... 
'' 28. .  ..... 
" 29. .  . . . . .  
" 3 1 . .  ..... 

Nov. 3 . .  . . . . .  
" 4 . .  ..... 

Averages ........ 
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METEOROLOGICAL  DATA FOR PERIOD OF INVESTIGATION 

INTERNATIONAL FA4LLS, MINN.  PORT  ARTHUR, ONT.-Continued. 

16 
17 
18 
19 
20 

July 5 
6 

8 

1 0  
9 

11 
1" 
13 
14 
15 
1 fi 
17 
18  
19 

n 

) I , )  

l ! l l 3 .  
I ) ; I t < , .  

Jnly. 
25 

26 

27 
25 
29 
:10 

31 

I 
2 

' 3 

.\ugvst 

4 
5 

N.W. 
N.W. 
N.W. 
N.W. 

FORT  FRANCES, ONT. 
N. W .  

No wind  move- N.\V., W .  
ment  taken S.W., S. 

at   this  S.W., N.W. 
station. Variable 

S.E. 
E. 
Yariable 
Variable 
X.E. 
N.E. 
N.E. 
\rariable 
N.W. 
\v., N.W. 
I ,ight,  variable 

PORT  ARTHUR, ONT. 

0 
0 

.12 
0 

1 .70 
0 
0 

.32 
0 
0 
0 

0 .ll 
0 

1 .09  
0 

1.18 
0 
0 
0 
0 

I 

199 

113 

297 
176 
220 
365 

350 

212 
241 

158 

95 
213 

1 ):lily \\Tim1 
Total 

I ' r eva i l i ng   Inches  of 
S l n l  ement .  \\'irl,I Dirpctjon.  I 'rccipitaltion. 

Miles. 
40 of which  was  from N. 
and  N.E.,  remainder  from 
S.W. and 8.E. 0 

and S.E. 
S.W., W . ,  N.W., and N.' 
S.E., E., N.E., and N. 
S.E.  to  E.  and N.E. 
74 from S.W.. W.. and 
N.W.,  remainder  N.E. 
and E. 
W.  and N.W. 

N.W. and  W. 
From all  points of com- 
pass 
40 f rom N.W. and  W., 
remainder,  N.E., E., and 
E. 
Tight  winds,  all  points. 
N.E., N. and E. 

0 
.10 
0 

f02 

.04 

.45 

0 

0 

0 
0 

.36 

1)atc. 
1913 .  
August. 

6 
7 
8 
9 

10 

11 

12 

' 13 
1 14 i 15 
I l6 
I 
I 
I 17 
I 
I 18 
~ 19 
1 20 
I 21 
i 22 
I ' 23 i 
I 24 

25 

I 1 26 

27 1 28 
29 i 
31 

T o t a l  
D a i l y   W i n d  
Movemen t .  

l ' l ' eva i l ing  
MTind Direct ion.   I ' recipi ta t ion.  

Inemhems of 

165 N., N.E., E., S.E., and S. 0 
205 E.  and N.E. .02 
261 S.W. and W. .10  
302  65 from E.. S.E. and 

N.E.,  remain'der N. and 
N.W. 

172 35 frmn N., remainder 
from S.E., E.,  and N.E. 0 '  

134 59 from E. and S.E.. re- 

.05 

natr, 
3813 .  

J u n e  20 
21  
22 
23 
24 
25 
2 6  
27 
28 
29 
30 

158 

59 
94 

151 
172 

210 

199 
245 
130 
387 
255 

288 

179 
282 

304 
223 
431 

154 
356 

mainder N.E. 
57 from 1S.E. anmd E., re- 
mainder  from N.E. 
S.E. and E. 
S.E. and E. 
All po,ints 
46 from S.E. and  E.,  re- 
mainder  from N., N.W. 

24 variable,  remainder 
and W. 

N, 'N.E..  and N.W. 
~ 1 1  poiAts. 
N.E. and E. - E. 
iV. and N.W. 
25 of which  from S.E. 
and S., remainder from 
N.W. and N. 

mainder  from N.W. and 
41  from W .  and S.W., re- 

N. 

44 from 8.E. and  E., re- 
S.E. and 's. 
mainder  from  W.  and 
N.W. 
N.W. and N. 

W. and N.W. 
N.W. and W. 
48 from N.W. and  N., re- 
mainder  from 's., S.W., 
and 7x1 

S.E. and R. 

.14 

0 
0 
0 
0 

0 

0 
0 
0 

. 3 1  

.14 

0 

.15 
0 

0 
0 
0 

1 .35  
.22 

0 J V I .  

204 72 from S.E. and E., re- 
mainder from N.E. 0 

SAULT STE. MARIE, MICH. 

194 W. 
143 W. 
129 E. 
166 E. 
167 S.E. 

88 S.E., W. 
95 w. 

.. . 

170 E., S.E. 
156 E. 
213 S.W. 

0 
0 
0 
0 
.84 

Trace 
.91 
0 
.17 
0 



342 POLLUTION OF BOUNDARY WATERS 

SAULT  STE.  MARIE,  M1CH.-Continued. 
Total 

Date, 
1913. 

July 1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
10 

13 
12 

14 
15 
16 
1 7  
18 
19 
20 

Ju ly  1 
3 
3 
4 
5 

6 
7 

8 
9 

10  
11 
12 
13 
14 
1 5  
1 6  
1 7  
18  
19 
20 
21 
22 
2 3 
24 
2'5 
26 
27 
28 
29 
30 
31 

hug. 1 
2 

4 

ii 

s 

1 0 
9 

11 

1 :: 
1 :.I 

J 

r7 
1 

Daily  Wind Prevailing 
Movem'ent. Wind  Direction. 

218 W. 

188 
136 W. 

128  W. 
E. 

347 
613 N.W. 

S.E., W. 
248 
127 

w .  
S.  

330 N.W. 
295 K.W. 
205 S.E. 
267 S.W. 
359 
221  W. 

N.W. 

115 W. 
156 
183 W. 

E., S.E. 

220 W. 
189 W 
239 W. 

PORT  HURON,  MICH. 

201 
181 
257 
228 
191 
248 
411 
183 
294 
249 
192 
419 
438 
3 51 
184 
188 
180 
140 
133 
261 
174 

W. and S.W 
N.E. 
S.  
S. 

W. 
S.W. 

N. W. 
S. 
S.W. 
N.E. 
S.E. 
W. 
S.W. 
N.E. 
N.E. 
S. 
N. 

W. 
N.E. 

N.E. 
N. 

212 
161 S.W. 

S. 

259 N. 
179 
187 

N. 
S. 

2 2 1  
158 N.E. 

s., S.W. 

128 N.E., S.W. 
226 N. 
175 S.W. 
205 N.E. 
1 5 7  N. 
2 5 3  N.E. 
280 N.E. 
166 s 
142 S. 
179 S.E 

Precipitation. 
Inches of 

0 
0 

Trace 
.16 
.ll 
0 
0 

Trace 
.33 
0 
0 

1.88 
.07 
0 
0 

.06 
0 
0 
0 
0 

. 0 1  
0 
0 

2.00 
.17 
0 
0 
0 

.05 
0 
0 

.06 
0 
0 
0 

.53 
1 . 2 1  

0 
Trace 

.20 
0 
0 

. 0 1  
0 
0 
0 

. 0 6  
0 
0 
0 

Trace 
0 
0 
.01 
0 
0 

. 07  
0 

. O ?  
2 .07  
1 . "0 

I 1  

0 
0 

Date, 
1913. 

Aug. 14 
15 

17 
1 6  

18 

20 
19 

21  
,,? ',! 

23 
24 
25 
26 
27 
28 
29 
30 

May 20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

June  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17  
18 
19 

21 
20 

22 
2 3 
24 
25 
26 
27 
2.8 
29 
30 

.Tulv 1 
2 
n 
4 
5 

PORT  HURON,  M1CH.-Continued. 

Daily  Wind  Prevailing 
Movement.  Wind  Directlon.  Precipitation. 

Inches of 
151 S Trace 

Total 

159 S.  

140 
192 S.W. 

N.E. 

229 
198 N. 

E. 
236 S.E. 
253 S . 
212  N.W. 
276 N.E. 
200 S.W. 
329  N.W. 
202 N.E., N.W. 
241 
332 W. 

S. 

191 N.W. 

DETROIT,  MICH. 

327 
236 
312 
174 
163 
262 
338 
363 
134 
193 
259 
189 
287 
202 
316 
237 
208 
305 
438 
428 
357 

309 
187 

320 
377 

424 
"9 

321 
264 
251 
225 
216 
202 
140 
202 
140 
2 2 5  
206 
282 
220 
159 
138 
256 
166 
"6 
270 
282 

1S.E. 
S. 
W. 

W. 
N.W. 

N.E. 
E. 
N.E. 
S.W. 
E. 
E. 
N. and W. 
N. and S.W. 
S. an,d S.W. 
'S.W. 
N. 
S. 
S.W. 
N.E. 
N.E. 
N.E. 
S.E. 
N.W. 
N.W. 
W. and N.W. 
N.W. 
w .  
w . 
E. and N.E. 

S. and S.W. 
E. 

N. W. 
N.E. 
E. 
E. 

s .   w .  
S.E.  and S. 

S.W. 
N.W. 
E. 
E. 
S.W. 

0 
Trace 

0 
. 0 1  
0 
0 

.35 
(14 
0 

0 
0 

0 
0 

.13 

.02 
0 

0 
1 .19  

U 
.01 

Trace 
Trace 

.53 

.89 
0 

Trace 
.08 
0 

0 
0 

0 
0 
0 

Trace 
.05 
0 
0 
0 
0 
0 
0 
0 
0 

Trace 
. 0 1  
.02 
. 6 5  
. 5 5  
.06 
0 
0 
0 

Trace 
. 0 4  

0 
0 

0 
.04  
. 01 
it 
11 

1 .;!I 
.06 
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- 

" 

Date, 
1913. 

6 
7 
8 
9 

10 
11 
12 
13  
14 
1 5  
16 
17 
18 

20 
19 

21 
22 
23 
24 
25 
26 
27 
28 

30 
29 

31 
AUK. 1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 

30 
29 

31 
Sept. 1 

2 
3 
4 

6 
7 
8 

lfl 
9 

11 

I 

DETROIT, M1CH.-Continued. 

Daily  Wind  Prevailing  Inches of 
Movement.  Wind  Direction.  Precipitation. 

Total  

423 N.W. 
279 
196 
454 

261 
252 

546 
573 
207 
209 

207 
228 

164 
250 
251 
179 
206 
185 
2,46 
213 
197 
197 
212 
166 
227 
166 
229 
169 
266 
317 
193 
173 
257 
312 
270 
299 
417 
147 
187 
156 
143 
152 
144 
223 
404 
330 

374 
205 

197 
272 
168 
473 
236 
283 
448 
235 
183 
208 
146 
286 
320 
21.0 
195 
I9.i 
372 
349 
226 j'' 

1.59 

N.W. 
W. 
W. 
N. 
6.E. 
.W. 
W. 
E. 
E. 

N. 
S. 

N. 
N. 
N. 
N. 
S. 
W. and 8.W. 
N. 
'S.E. 
S. 
S.W. E). 
8s. 
E. 
S. 
'N. 
N. 
N.E. 
N.E. 
N.E. 
El. and S.W. 
S.E. 
S.W. 
IS. 
N.E. 
E. 
E. 
E. 
S. 
S. 
S.W. 
N.E. 
N.E. 
E. 
E. 

N. W. 
S. 

N. W. 
N. 
S. 
W. 

S. 
N. 

w. ' 
N.W. 
S.W. 
S. 
S. 
N.E. 
X.E. 
E. 
E. 
S. 
N.E. 
E. 
E. 
S. 

0 
0 
0 
0 
0 
0 

.27 
0 

.35 
0 

.38 

.37 

Trace 
0 

.32 
0 
0 

.04 
0 
0 
0 

.87 
0 
. 01 

Trace 
. O l  
0 
0 

.26 
0 
0 

Trace 
0 

. O l  
0 

.56 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.94 

.03 
0 
0 
0 
0 
0 

.33 

0 
0 

.03 
0 
0 

Trace 
Trace 

. 06 

0 
o 

Trace 

n 

o 

n 

Date, 
1913. 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30, 

Oct. 1 

3 
2 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 

May 20 
21 
22 
23 
24 
25 
26 

28 
27 

30 
31 

June 1 
2 

4 
3 

5 
6 

8 
7 

9 

11 
10 

12 
1 3  
1 4  

. 16 
1 .i 

37 
18 

259 

DETROIT,  MICH.--Continued. 

Daily  Wind 
Total 

Movement. 
299 
349 
228 
393 
281 
312 
213 
228 
367 
414 
411 
225 
229 
232 
304 
198 
151 
128 
194 
203 
439 
216 
201 

Wind  Direction. 
Prevailing 

N. 
N. 
E. 
E. 
S. 

E. 
N.&. 

E. 
IS. 
W. 
W. 
W. 
S.W. 
S.W. 
N.W. 
N.W. 
S.W. 

E. 
S.E. 

N. 
N.W. 
N. 
S.W. 

Precipitation. 
Inches of 

0 
0 
0 
0 
.ll 
.15 
0 
0 

.65  
0 

Trace 
0 
0 
0 

.07 
0 
0 

. O l  

.10 

.16 

.10 
0 
0 

162 S. 
91 S.E. 0 

Trace 

144 
171 
212 
320 
385 
370 
200 
210 
263 

S. 0 
8. 0 
S.E. 0 
S.  0 
W. 0 
N.W. .60 
N. 0 
S. 0 
w .  0 

TOLEDO, OHIO. 

384 E. 
436 
32 7 W. 

'S . 
147 W. 
214 N.W. 
323 N.E. 
418 E. 
430 N. 
171 S. 
204 
268 

E. 

226 
N. 
E. 

388 
255 

S.W. 
N. 

327 8. 
260 
265 

N. 
S.E. 

435 S.W. 
4 4 1  N. 
616 
419 

x. 
N. 
N.F. 

Traces 
.89 

Traces 
.05 
0 
0 

2.24 
1.38 

0 
.26 
0 

Trace 
0 
0 

.40 
0 
0 

.01 

.on 
0 
0 
0 
0 

0 
0 
0 

. fix 

.05 

n 

, n ~? 
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Date, 
1913. 

19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 

J u l y  1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 

18 
17 

1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Aug. 1 
2 
3 
4 
5 
6 

8 

1 0  
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 

21  
20 

22 
23 
24 
25 
26 

n 

TOLEDO, OHIO.-Continued. 
Total 

Daily  Wind  F'revailing  Inches of 
Movem,ent.  Wind  Direction.  Precipitation. 

2 5 3  ,S. 0 
397 
207 
188 

218 
216 

383 
3 5 s  
348 
300 
202 
23 1 

214 
264 

271 
349 
384 
444 
226 
257 
433 
251 
306 
654 
626 
192 

217 
229 

275 
19s 
313 
280 
172 
214 
291 
296 
228 
237 
360 
235 
165 
276 
181 
231 
229 
277 
340 

197 
172 

496 
185 

332 
360 

519 
167 

178 
185 

169 
194 

210 
177 

490 

377 
304 

407 
254 
308 
260 
502 

S.W. 
N.E a n d  N.W. 
E. 
E. 
S.W. 
S.W. 
'S.W. 
w. 
E. 
E. 
S. 
S.W. a n d  N.W. 

S.E. 
E. ansd S.E. 

S.\V. 
S.W. 
N.W. 
w .  
S.W. 
S.W. 
N. Mr. 
S.E. 
'S.W. 
S.W. 
E. 
E. 

N.W. 
S .  

N.W. 

N.W. 
N.W. 

N.W. 

S.W. 
S.W. 

N. 
N.W. 

S.E. 
S.W. 

S . W .  
S. 

N.E. 
E. 
N. 

N 
N. 
\V. a n d  N.W. 
N. a n d  E. 
E. 
S.W. 
S.W. 
N.E. 
E. 
E, 
IC. 
S . w . 

S. 
N. IV 

S. 
N.W. 

8.W. 

. O 1  

.68 . 
0 
0 

.14 

.03 
Tracct 

0 
0 
0 

. O 1  
Traco 

. 0 1  
0 

.14 

.71 
0 
0 
0 

. 0:; 
0 
0 

.07 
Trace  

.25 

.17 

.14 

. O 1  
0 
0 

.03 
0 
0 

Trace  
0 
0 
0 

.40 

.78 
0 

.02 

. (i2 

0 
0 
0 

0 
0 

. 0 1  
Trace 

.11 
0 

.34 
0 

.07  
0 
0 
0 

0 
0 

0 
0 

0 
.37 
.06 
0 

0 
0 

n 

Date, 
1913 .  

27 
28 
29 
30 
31 

Sept. 1 
2 

4 
5 
6 
7 
8 

1 0 
9 

11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

, 
0 

1111y 26 
26 
"7 
"S 
9 1) 

30 
2 1  

211): 1 

3 
2 

4 
5 
6 
7 
8 
9 

30 
11 
12 
13  
14 
1 5  

17  
16 

18 
19 
20 
2 1  
22 
23 

&., 

TOLEDO, OHIO.-Continued, 

Daily  Wind  Prevailing 
Rlovement.  Wind  Direction.  Precipitation. 

Inches of 

0 
IS'. E. n 

Total 

256 N. W. 
330 
605 
240 

S.W. and W .  Trace .  
w. 0 

315 
S. 0 
6 .  

226 

279 
29:: 

228 
259 

. 224 
"59 
400 
488 
365 

322 
220 

305 
303 

S. 
N. 
x. 
E. 
N.E. a n d  E. 

N. 
s.\v. 
N.E. 
E. 
S. 
N.W. 

E. 
N.W. 

385 E. 
395 S. 
441 S.11'. 
304 N. 
205 PI'. 

451 
457 

S.u'. 
S.W. 

273 
454 S.W. 

S . \\' . 
432 N.W. 
440  N.W. 
348 X.W. 
245 N.W. 
264 S .  
144 N. 
215 N.I3. 

PELEE ISLAND, ONT. 

Light  variable 
213 S.E. 
241 
129 
159 
169 

1 PO 
1 nn 
12.1 
?R4 
327 
149 
222 
320 
294 
280 
171 
272 
1 6 3  

201 
143 

113 
77 

175 
31 4 
447 
351 

Frcsh 
202 

S.E., s. 1.14 
Variable 
S.E., 8.W. 
Variable 
E., N.E. 
Variable 
S.E., S. 
Variable 
N. 
Variable 
Variable 
E. 
S.W. 
S.W. 
N.E. 

. 16  

. 1 9  

E. 
N.E., E. 

E. 
E. 

S.E. 
\?ariablc 

Variab!t, 
N.R. .06 
N.E., S.E. 
Ti: 

S.W., N.W. 
S.E. . 0 2  

125 N.W., 11'. 



Date, 
1913 .  

24 
25 
26 
27 

29 
30 
31 

Sept. 1 
2 

4 
5 
ti 
7 
8 
9 

10 
11 
1 2  
1 3 
14 

16 
1 5  

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Oct. 1 
2 
3 
4 

6 
7 
8 
9 

10 
11 
12 
18 
14 
1 5  

28 

0 

May 1 0  
11 
12 
1 3  
14 

16 
1 5  

18  
17 

19  
20 
21  

a3 

PELEE ISLAND, 0NT.-Continued. 

Daily Wind 
Total 

Movem,ent. 
147 
237 
186 
448 
451 
534 
145 
79 

449 
147 

434 
451 
361 
205 
705 
681 
444 
366 
256 
497 
338 
395 
524 

' 366 
369 
246 

258 

417 

218 
222 

201 
388 
145 
178 
360 
216 
714 
198 
157 
150 
114 

174 

588 
281 
198 

Wind Direction. 
W.. N. 

Prevailing 

E, S.E. 
S.W., N.W. 
N., N.E. 
S.W. 
S.W.. W 
Variable 
S.E. 
S.E. 
S. 
Variable 
N.E. 
E. 

8. w .  
It:. 

N. 
N.E. 
E. 
S.E. 
N. 
N., N.E. 
S.E., E. 

S., S.E. 
E. 

Variable 
N.E. 
E. 
S.E., S.W. 
S.W. 
RW., w. 
Variable 
S. 
S.W. 
N.W. 
Variable 
s,, 8.W. 
Variable 
E. 

Variable 
N.W. 
w., S.W. 
S.E. 
S.E.. S.W. 
Variable 
S.E. 
S.E. 
S.E. S.. %E.. W 
S.E., S.W. 
S.W., w .  

Precipitation. 
Inches of 

.19 

Precipitation 
for first 
half of 

September 

available. 
not 

. 1 2  

.ll 

. 4 2  

.19 

.35 

.19 

.06 

.26 

.66 
Variable 
3.  
S.W. to N.W. 

BUFFALO, NEW YORK. 

433 

260 
330 

306 
496 

451 
269 
271 
395 
435 
245 
362 

N. and N.W. 0 
N. and N.W. 0 
S.W. Trace 
S.W. 0 
N.E. 0 
E. .10 
S.W. .03 
S.W. and W .  .Ol 
S.W. .ll 
N.W. 0 
N.E., S., and N.W. 0 
S. .37 

Date, 
1913. 

22 
' 23 

24 
25 
26 
27 
28 
29 
30 
31 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
1 5  

' 16 
17 
18 
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

July 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

13 
12 

14 
15 
16 
17 
1 8  
1 9  
20 
21 
22 
23 
24 
25 
26 
27 # 
28 
29 

BUFFALO, N.Y.-Continued. 

238 
292 
241 
320 
306 
281 
375 

342 
177 

453 
241 
325 
294 

524 
175 

375 
373 
290 
317 
433 
315 
427 
264 

401 
565 

291 
292 
209 
246 
221 
140 

181 
212 

312 
462 
269 
255 
193 
273 
432 
241 
118 
350 
314 
645 

408 
555 

603 
426 
224 
671 
862 
434 
197 
194 

429 
193 

356 
248 
312 
295 
390 
247 
344 
185 
288 
331 
207 

S.W. 
N. W. 
E. 
E. 

W. 
N. 

nr . 
S.W. 
S.W. 
S.W. 
S.W. 
N.E., W. 
w . 
1S.W. 
N. 
N.E. 
N.E. 
S.W. 
S.W. 
S.W. 
S.W. 
S.W. 
S.W. 
S.W. 
N.E. 

S.W. 
E. 

w. 
N.W. 
S.W. 
S.E. 
S.W. 
S .  
S.W. 
S.W. 
N.E. 
S.E. 
S.W. 
S.W. 
1S.W. 
S.W. 
S. 
S.W'. 
N.W. 
,N. W. 
S.W. 
S.W. 
'N.W. 
W. 
S.W. 
S.W. 
W. 
N.E. 
W. 

8S.W. 
S.E. 

W. 
N.W. 
N.W. 
S.W. 
S.W. 
S.W. 
N.W. 
1S.E. 
S.W. 
S.W. 
S.W. 

Precipitation. 
Inches of 

.53 

.53 

.01 

.03 
0 

1.24 
Trace 

0 
0 
0 

.41 
0 

.03 
0 
0 
0 

.20 
0 
0 
0 
0 
0 
0 
0 

.03 

. 0 3  
0 
0 

.28 

.43 

.13 
0 

0 
0 .  

Trace " 
.14 
.01 
0 
0 
0 
0 

.16 
0 

.16 

. O l  
Trace 

0 
0 

.06 
Trace 

0 
.06 
0 
0 
0 

.30 

.03 
0 
0 

.14 
0 
0 

.08 

.30 
0 
0 
0 '  

. 0 3  
0 
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PORT  DALHOUSIE,  ONT. 
Total  

Date,  Daily  Wind  Prevailing 
1913. Movement.  Wind  Direction.  Precipitation. 

Inches of 
July 25 Rain 

28 
Aug. 4 - ' I  

9 
10 

Date. 
1913. 

25 

26 

27 
28 

29 
30 
31 

June 
1 
2 
3 

4 

6 
5 

7 
8 
9 

May 

10 
11 
12 
13 
14 

15 

16 
17 

18 
19 
20 
21 
22 
2 3  

24 
25 

26 
27 

28 

30 
29 

Not  available 
.20 
.30 
.04 
.24 

1.97 
TORONTO,  ONT. 

Total  
Daily  Wind 
Movement.  Wind  Direction.  Precipitation. 

Plyevailing Inches of 

303 

409 

406 
303 

317 
204 
193 

359 
208 
267 

165 

184 
379 
413 
370 
205 

243 
316 
225 
239 
236 

229 

292 
198 

200 
190 
136 
240 
175 
160 

139 
231 

198 
261 

131 

102 
273 

N.W., shifting  to N. and 
N.E. 
23  miles of which  was 

. O l  

from N.E., remainder E:" ( .os) 
E., shifting  to N. . 06  (.24) 
W., shifting  to N.W. and 
W 
N.W. and W. 
W., N.W., and N. 
N., N.W., and W. 

W., N.W., and N. 
W. and S. 
W., shifting  to N.W. and 
N. 

( .06)  

Light  winds,  all  points of 
compass  Trace 
W. to S.W.  and S. 
'3, S.W., W.,  and N.W. (2.25)  .52 
N.W. ,to IN. 
N.,  N.E., and N.W. 

(.20)  .31 

60  'miles  from N.E. and 
E., remainder W., S.W., 
and N.W. 
W. and N.W. 
W.  and N.W. 
W. and N.W. 
W. and N.W. 
33  miles  from N. and 
N.E., remainder  from E. 
34  miles  from N.E. and 

from W. 
E.  and S.W., remainder 

W. and N.W. 
161  miles  from N., N.E., 
and  E.,  remainder  vari- 
ous directions. 
E.  shifting  to  N.E. 
N.E.  and E. ( .34)  .20 
N.E. shifting to N. ( . 1 5 )  .28 
N. and N.W. 
W. and S.W. 

N.E. 
S.E., shifting  to  E.  and 

IS., shifting t o  E.  and N.E. 
Mainly  E.  and  S.E.,  then 
shifting  to S.W. and W. ( .02) 
W. 
Varying,  all  points of 

Trace .01 

compass.  (.05)  .01 
73 m,iles of was  from E., 
remainder  from  N. 
S.E. 
S.E.,  shifting t o  S., S.W. 
and W. s 

( . 0 3 )  .01 

N.B.-Figures in  brackets  are  rainfall at \Port  Dalhousie. 

TORONTO,  ONT.--Continued. 
Total  

Date,  Daily  Wind  Prevailing 
1913. Movement.  Wind  Direction.  Precipitation. 

Inches of 
July 25 262 W. t.o N. 

26 110 
27 

E. 
178 N.E. 

.. 

28 
29 
30 
31 

Aug. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6  
17 
18 
19 
20 
21 

A'pril. 

1913. 
Date. 

7 
8 

9 
10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

27 
26 

28 
29 
30 

May. 
1 
2 
3 
4 
5 
6 

222 
171 
113 
182 
249 

221 
232 

236 
190 
125 
263 
262 
290 
304 
213 
236 
156 
150 
104 
179 
126 
166 
338 
403 
229 

W. 
Variable. 
N.E. to  S.E. 
N. to E. 
N.W. to N. 
N.W. to S.W. 
W. to N.W. 
V,ariable. 
Variable. 
S. to  E.  
N.E. to  E. 
E.  and S.W.' 
W. 
Variable 
N.E. and  S.E. 
E. 
Variable. 
Variable. 
E. 
Variable. 
W. and S.W. 
N.E.  and E. 
E. 
E. 
S., S.E. 

.24 

Rain 

Rain 
.46 
.31 

.32 

.19 

KIlNGSTQN,  ONT. 

Daily  Wind 
Total  

Prmevailing 
Movement. Inches of 

Wind  Direction.  Precipitation. 
243 N.E., shifting  to IN. 
294 N.W., shifting  to N. #and 

N.E. 
212 NIE:, shifting  to E. 
290 E., shifting  to S.E. 
207 1S.W. 

. O l  
Trace 

161 (S.W., to  N.W. and  S.E. .15 
178 21  miles  of  which  was 

322 N.E. 
from S.W.; remainder N.E. 

170 
302 
217 
270 
384 
219 
285 
228 
143 

93 
103 
125 
260 
478 
308 
181 

N.E.  and N. 
N.E. 
8.W.  and W. 

N.W. 
S.W. to W. and N.W. Trace 

.14 

8S.W. 
N.  W. 

S.W. 
S.W. .05 
8.W. to W. and N. 
S.W., E.  and S.E. 
IS., shifting  to  S.E.  ,and E. .01 
N.E.  .19 
N.E. 

S.W. 
N.E. 

220 S.W. and W. 
210 S.W., W. and S.  
165 S.W. 
172 S.W. 
156 S.W. 
295 S.W. t o  N.W. and N. 

. O l  
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Date, 
1913. 

7 

8 
9 

10 
11 
12 
13  

14 
1 5  
16 

1 7  
18 
1 9  

20 
21  
22 
23 

Date, 
1913. 

Aug. 4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
1 4  
1 5  
16 
17 
18 
19 

KINGSTON,  0NT.-Continued. 

Daily  Wind  Prevailing 
Movement.  Wind  Direction. 

Inches of 
Precipitation. 

Total 

230 77 from N., N.W., W.  an’d 

137 
282 
296 
183 
270 
245 

191 
285 
114 

290 
274 
246 

173 
311 
162 
134 

N.H. 
S.W.; remainder from 

From  all  points. 
N. W. 
N.W. 
N.W. and N. 
B.W., IS. and S.E. 
S.W. to W., N.W., N. and 
N.E. 
From all points. 
N.E. 
35 from N., remainder 
from S.W., S.  ansd S.E. 
E. to  S.E.  and S.W. 
S.W. to W. and N.W. 
78 of this from S.W.; re- 
m,ainder  from N.W. 
1S.W.  It6 S., S.E. and  E. 
E. to 4S.E. and  S.K. 
S.W. and W. 
66 from S.W.; remainder 
from  N.E.  and N. 

KINIGSTON,  0,NT. 

. O l  

.02 

.60 

.01 

.21 

.04 

.32 

. O l  

Daily  Wind 
Total 

Movement. 
179 
171 

207 
234 
407 
216 
185 
129 
267 
105 

96 
151 
118 
197 
283 

9 7 . .  

Prevailing Inches of 
Wind  Directi,on. Precipitation. 

N.E. . O l  
S.W. 
s., S.W.  Rain 
N.E. 
S.W. 
‘S.W. Rain. 
Variable. 
N., N.E. 
Variable. 
S.W. 
S.W., w. 
S.W. 
S.W. 
S.W. Trace 
N.E. 
N.E. 

Date. 
1913. 

20 
21  
22 

Aug. 1 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Sept. 1 
2 
3 

2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
1 3  
1 4  
15 
16 
1 7  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 

KINGSTON,  ONT.-Continued. 

Daily  Wind  Prevailing 
Movement.  Wind  Direction.  Precipitation. 

Inches of 
Total 

187 N.E., E. 
265 Variable. 
501 S.W. 

S.W.W. 
269 B.W. 

1.0 

.02 
248 Variable. 
180 N., S.W. 
395  6.W.  .67 
165 N.W. .03 
142 Variable. . 2 7  
409 S.W. 
314 S.W. 
128 S.W. 

S.E. 
S.S.W. 
Variable. 

CORNWALL, ONT. 
W. 
Variable. 
N.E. 

Light. W., S.W. 
Light. W. 

N.E. 
S.W. 
S.W. 
W., N.W. 
Variable. 

Light. Variable. 
Light. Variable. 

E.S. 
S.W. 
S.W. 
Variable. 
N.E. 
N.E. 

s. 
N.E., E. 

w . 
S. 

W.N. 

.09 

.47 

.09 

.02 

.80 

.06 

.43 
Variable. 
S.W. .33 
S.W. t o  N.W. .02 





A P P E N D I X  

SANITARY  CONDITIONS  IN  CITIES  AND TOWNS SITUATED ON THE  UNITED  STATES 
SIDE OF THE BOUNDARY WATERS. SPECIAL  REFERENCE TO TYPHOID FEVER 

BY ~ 

ALLAN J. MCLAUGHLIN, 
Surgeon,  United  States  Public  Health Xermice. 

The  writer was directed  in December, 1910, by the  the  Great Lakes on  the  United  States  side of the 
~ u ~ p o n - G e n e r a l  of' the Lrnitetl States  Public  lIealtll  international boundary. The  results of this work 
Service to  investigate  the sewage pollution of inter- appear  in  Hygienic.  Laboratory  Bulletins '77 and 83. 

The  investigation disclosed the following  conditions : 
stat,e and international waters, with special  reference "There is an  undue prevalence of typhoid fever in 

". ~ 
~ 

Alpena, Mich. .............. 
Bay City, Mich. ............ 
Detroit,  Mich. .............. 
Marquette,  Minn. ........... 
Port Huron. Mich.. ......... 
SaginnwT, Mich.. ............ 
Sault  Ste. Marie,  Mich. ...... 
I)uluth, Minn.. ............. 
Buffalo, N . Y . .  . . . . . . . . . . . . .  
Uunkirk, N . Y . .  ............ 
Lacknwanna, N . Y . .  ........ 
Lockport, N . Y . .  ............ 
Niagara Falls, N.Y.  ......... 
North  Tonawanda, N.Y.  . . . .  
Ogdensburg, N . Y . .  ......... 
Oswego, N.Y. .  ............. 
Ashtabula, 0 .  .............. 
Cleveland, 0. .  . . . . . . . . . . . . . .  
Elyria, 0 . .  ................. 
Idorxin, 0 . .  ................ 
Sandusky, 0 .  .............. 
Toledo, 0. .  ................ 
Eric, Pa . .  ................. 
Ashland, Wis.. ............. 
Superior, Wis.. ............. 

" 

I 
- 

1 

' 

1: 
1' 

1 

1 

~~~ ~" 

1 

.. I .. 
13.4 I 25.3 ~ 36.2 
28.4 ~ 20.1 23.5 

.. 
' 

79.5 i 19.6 57.9 
27.0 I 41;3 61.3 
28.3 ~ 27.6  9.0 
32.9 ' 92.9  '172.9 
09.5 ' 74.1 j 53.7 
23.5 ~ 27.1 , 33.7 
34.4 i 24.3 1 76.6 

24.1 j 83.6 I 29.6 
.. 1 .. .. 

07.9 i143.9  130.4 

55.4 I 20.4 , 95.0 
.. .. .. 

.. 1 .. 
7.7 

56.8 
. .  
.. 

41 .0 
37 .Y 

15.8 

.. 

.. 

44.5 I 35.8 
34.4 1 34.6 
.. .. 
.. 1 .. 
.. .. 

32.4 1 35.1 
16.6 ~ 25.2 

49.7 1 33.1 
.. .. 

__ 

1903 
" 

.. 
54.3 
20.0 
28.5 
25.2 
11 .o 
15.9 
64.8 
34.6 
50.9 

52.7 
126.9 

54.2 

48.4 
111 .0 

.. 

.. 

.. 

.. 

.. 

.. 
30.0 
33.3 

49.5 
.. 

" . - 

1904 
" 

.. 
43.4 
17.6 
37.5 
34.9 
49.3 
52.4 
54.4 
24.2 
41.4 

40.6 
39.8 

60.9 

33. 9 
47.4 

.. 

.. 

.. 

.. 

.. 

.. 
38.1 
47 .I) 
33.8 
.. I :  

'I'his excessive prevalence of typhoid fever, especi- 
ally in  the  winter  and  spring  months,  is  due  in 
greatest  measure  to sewage pollution of interstate  and 
international waters used as a source of public water 
supplies. 

1 

~~ ~~ - __ 

1905 
- 
.. 

24.1 
20.3 
27.0 
15.1 
25.4 
68.6 
44.7 
24.4 
46.1 

63.1 
81.6 

40.5 

58.3 
13.7 

.. 

.. 

.. 

.. 

.. 

47.1 
16.7 

30.1 

.. 

.. 

. "" 

1906 

56.0 
47.3 
20.7 
36.5 
56.1 
25 .0 
59.0 
45.6 
23.2 
38.3 

62.7 
50.1 1 
28.5 
86.3 
66.4 
37.7 
18.8 

" - 

.. 

.. 

.. 
46.6 
47.4 

93.6 

.. 

.. 
~~ 

~- " __ 

1907 

23.9 
39.5 
25.5 
72.1 
46 .,3 
18.5 
16.6 
41  .0 
28.5 
74.7 

51.0 
131.5 
45.8 
39.2 
61.4 
18.3 
17.7 

" 

.. 

.. 

.. 

.. 
37.9 
76.6 

26.2 
.. 

~ 

- ~~- 

1908 

71.4 
45.7 
19.6 
44.5 
20.8 
28.4 
73.4 
55.8 
19.9 
12.1 

56.3 
.03.6 
53.2 
32.2 
60.9 
82.9 
11.8 

" 

.. 

.. 

.. 
42.0 
60.9 
53.2 
15.4 

.. 

. __ 

1909 

63.2 
35.9 
20.5 
52.7 
57.8 
30.0 
56.2 
51.1 
23.8 
5.9 

55.9 
87.3 
51.5 
25.4 
21.5 
40.3 
13.3 
27.9 
32.3 
40.1 
41.7 
29.0 
i16.0 
30.2 

" 

.. 

... 

"~ 

m 
191G 
" - 
39.3 
24.3 
23.0 
95.3 
74.4 
21.7 
23.7 
75.9 
20.4 
23.1 
6.9 

11.1 
98.0 
41.6 
50.1 
47.0 
43.6 
17.9 
33.4 
27.4 
30.0 
37.2 
38.9 

322.6 
83.9 

. 

. " ~ 

". __ 

1911 

94 .0 
41.2 
15.8 
94.2 
48.3 
23.4 
54.5 
23.2 
25.0 
16.9 
6.5 

22.1 
194 .O 
96.7 
30.8 
12.7 
5.3 

14.2 
19.3 
36.1 
69.9 
23.1 

190.6 
82.8 
33.9 

" 

. " 

- .~ " 

1912 

54.2 
59.3 
17.5 
09.9 
96.8 
30.6 
22.9 
22.6 
11.8 
16.2 
5.9 

15.6 
66.9 
15.9 
37.0 
16.9 
20.6 
6.9 

30.9 
44.1 
24.9 
31.7 
11.5 
79.9 
18.8 

" 

"- - 
1913 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 
Given the sewage pollution of the source of supply, 

the excessive prevalence is made possible by the use 
of such wker  unfiltered f?d untreated or by the 
faulty  operation or poor cLciency of filter  plants. 
Most of the cities with excessive prevalence of typhoid 



fever use unfiltered  surface  water as  a public supply, 
although  disasters have  occurred where inefficient 
!iltration was being  depended upon  to make  a pol- 
luted  water safe.  Some of these unfiltered  lake sup- 
plies are alleged  to be safe, but  proper bacteriological 
examination  is  not  made daily. 

Some filter  plank have serious structural defects. 
others  are  structurally  satisiactory,  but  improperly or 
carelessly operated.  Some well constructed  modern 
plants  are  struggling  with a bad raw  water  in which 
the  bacterial  content  is so high  that even with  fair 
efficiency of the  plant  the filtered water  cannot be 
classed as safe. I n  6ome instances  there is no  ade- 
quate bacteriologic  control, and samples of the  water 
:LIY examined  only once or twice a month. 

In many of these cities excessive rates prevail for 
the  group of diseases classified as  enteritis or diarrhea. 
I n  (most of these places a distinct  winter  and  spring 
prevalence is demonstrable, coupled with a coinci- 
dently  high  typhoid fever rate.  This  enteritis to 
some extent seems to be water borne, and  the d,isease 
sometimes called " winter cholera " is presumably 
entirely  water borne. Some of the so-called enteritis 
and  winter cholera may be typhoid  fever or bacillary 
tlysentery. An exhaustive investigation of the  diarr- 
hea and  enteritis of children  is necessary to  deter- 
mine  accurately the real  incidence of the various 
entities which are  grouped  under  this heading. 

The  undue prevalence of typhoid fever is an  inter- 
state menace and is responsible for  the  spread of the 

, disease from one State t i  another, when such undue 
prevalence is manifest in : (1) Cities of commercial 
or  industrial  importance; ( 2 )  Tourist resorts which 
attract visitors by their  natural or artificial  advan- 
tages ; ( 3 )  Summer resorts. 

The  drainage basin of the  Great Lakes contains 
'lnany  cities  and communities  in each of the  three 
cln.$ses. Not only is typhoid  infection  distributed by 
these pollutetl. water supplies  to the  thousands of 
visitors from  other  States,  but  railroad  trains  and 
vessels take  their food and  drink supplies from these 
inrcctcd centres  and  distribute such  supplies en  route 
to their  interstate passengers." 

'I'he bulletins contain the necessary sanitary  data 
rind are availablc for the use of the Commission. 
Ccrtain  important changes, however, have been 
cffected  in somp of thc  mnnicipalities since-1911. and 
these should he noted for the  information o f  the Com- 
mission. 

The Committee of the  International  Joint Com- 
mission having  charge of the  investigation of pollu- 
tion of boundary waters  requested the  writer to  make 
another survey of sanitary conditions in  the  cities  and 
towns discussed in  Hygienic  Laboratory  Bulletins 
Nos. 77 and 83, and  to  report  upon changes in  sani- 
tary necessities which had been effected since the 
aforesaid  bulletins were published. The following 
report is presented  which  amplifies Bulletins Nos. 7'7 
and 83 and  brings  them  up  to date. 

The  municipalities will be taken  up  beginning  with 
Duluth  and proceeding eastward  to  the St. Lawrence 
.River Valley. Only  cities  on the  United  States side 
will be discussed, as a  complete sanitary survey of 
the  Canadian  municipalities will  doubtless be fur- 
nished by Canadian officials. 

LAKE SUPERIOR AND ST. MARY'S RIVER. 

Duluth, Minnesota. 

No changes of importance have been made in  the 
sewerage system of Duluth,  but  marked  improvement 
in water supply  conditions  has been effected  since my 
previous  report. (Hygienic  Laboratory  Bulletin No. 
53, p. 46.) 

Upon the recommendation of the  State  Board of 
I leal th  an emergency hypochlorite plant was installed 
October 5 ,  1912, and a permanent  plant was installed 
February 25, 1913. The  plant  is properly constructed 
and  efficiently operated. Daily bacteriologic control 
is exercised by the  branch  laboratory of the  Minne- 
sota State  Board of Health  in  Duluth. 

Duluth is a hospital  centre  for a large  mining  and 
lumbering  population  and  many  deaths of non-res'i- 
dents  are  not properly  chargeable against  Duluth. 
The  number of deaths of residents of Duluth  from 
typhoid  fever has averaged 20 per 100,000 from 1901 
to 1910, inclusive. I n  1911 and 1912 the  rate was 
above the average, being 22.5 and 23.7 respectively. 
The effect of hypochlorite  on the  water supply is 
best shown by the  reduction  in typhoid deaths  from 
January  to  June in 1913 compared with  the  deaths 
for a like period in 1911 and 1912. 

TYPHOID FETER. DULUTH. MINN. 
Period. No. of deaths. 

January  to  June, 1911 . . . . . . . . . . . . . .  11 
January  to  June, 1912 . . . . . . . . . . . . . .  72 
January to  June, 1913 . . . . . . . . . . . . . .  3 
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Superior, Wisconsin. 

There  has been no  important change in  the sewer- 
age system of Superior  since  Hygienic  Laboratory 
Bulletin No. 83 was published. The  same excellent 
water supply  is available and  the  number of users of 
doubtful or polluted wells is decreasing. 

Ashland,  Wisconsin. 

Conditions in  Ashland were fully described in 
Hygienic  Laboratory  Bulletin No. 83. I n  1910 Ash- 
land  had  the  appalling  death  rate for typhoid  fever 
of 322.6 per  100,000. The  rates for,1911, 1912  and 
191 are also very high. 

AS€iIA3D, WISCONSIN. TYPHOID FEVER. 
Year. Deaths per 100,000. 
1910 ................................ 315 
1911 ................................. 83 
1912 ................................. 75 
1913 (11 months) .................... 63 

‘l’he seasonal p2evalence is also peculiar. In  1911, 
1912, and  1913  there were 15  deaths  from  January 
to  June  and only 11 deaths  from  June  to December. 

The conclusions in  regard  to  Ashland  in  Hygienic 
Laboratory  Bulletin 83 were as follows: 

“ The raw water a t  Ashland’s intake  is  at  times 
grossly polluted.  There  is a  filter plant,  but it has 
been overworked. ‘ Green ’ filters are  put in service, 
and  the  rates of filtration have been excessive. There 
has been lack of bacteriologic control  as well, and 
examinations,  instead of being  daily, were not made 
oftener  than twice a month.  Ashland needs new 
filter units, a storage reservoir for filtered  water,  a 
rate  controller which is respected, and  daily bac- 
teriologic control of the  water supply.” 

These conclusions are  reprinted in view of t h e  fact 
that  grave defects still  exist  and  the  typhoid fever 
rates  are very high. 

Through  the courtesy of the Wisconsin State  Board 
of Health  information  in  regard to  Ashland was 
.secured as follows : 

Dr. A .  ,7. McLa&hlin, International  Joint Cornmis- 

DEAR SIR: 
Since receiving your  letter  making  inquiries  re- 

pmding the wat,erworks system a t  Ashland, we have 

sion,  Washington., D.G. 

received the following  communication from  the  health 
officer : 

“Your letter  wanting  to know of the changes in  
our waterworks  system is a t  hand.  Since  1910 a 
new filter  has been installed. This was in the  winter 
of 1911-1912. In  the  winter of 1912-1913 the  intake 
pipe was taken  up  and moved, and it was shortened 
about 900 feed. I n  the  early  winter of 1912 a 
chlorine  plant was installed, and  they have been using 
it ever since  except when the  taste  and smell of the 
water became so noticeable, then it would be cut  out 
for a few days until  the  taste  and smell had disap- 
peared. These  are  all  the changes that have been 
made that I know of, and if there is anything  more 
that I can  help you with, or anything  that you want 
to know that needs looking  into, I will be very glad 
to do it for you.” 

We hope that  this will be suflicient for  your  pur- 
poses, 

Very truly yours, 
L. W. HUTCHCROFT, 

Statistician. 

’l’he “new  filter  plant ” said to have been installed 
in  the  winter of 1911  and 1912 did  not  prevent  the 
winter  and  spring outbreak, January to April, 1913. 
The “ chlorine  plant ” which is said  to have been 
in use since 1912, “except when the  taste  and smell 
became so noticeable,” seems to have been equally 
ineffec’tive in  reducing Ashland’s typhoid fever rate. 

Marquette, Michigan. 

There have been no  important changes in sewerage 
conditions  in Marquette. It was pointed out in 
Hygienic  Laboratory  Bulletin No. 83 that  the uh- 
usual prevalence of typhoid fever in Marquette was 
due  to  the  pollution of the  public  water supply. 

The old intake was only 700 feet  from shore. A 
new intake, 3,300 feet  from shore, is now in opera- 
tion. This seems to have eliminated water-borne 
typhoid. There has not been a single  death  from 
typhoid  fever in  Marquette  from September,  1912, 
to August, 1913. It must be remembered that mov- 
tng  intakes  farther  out  is a very insecure  measure of 
protection. It affords at  best only temporary relief, 
and sooner or later  filtration or treatment will be 
.found necessary. 

Sault Ste. i l la rk ,  Michigan. 

It was noted in  my previous report  that  Sault Ste. 
Marie  had  an  abnormally  high  rate of typhoid fever, 



and  that  this was due to excessive prevalence in  the 
mmmer  and  autumn. Bacteriologic examination of 
the water  in St. Mary’s River shows that while the 
Lake Superior water is pure, the boat pollution  in 
summer  and  autumn makes the St. Mary’s River  a 
dangerous source of water supply. Probably  the St. 
Mary’s River water above the  cities of Sault  Ste. 
.Marie is safe during  the  winter  and  spring  months, 
and  typhoid  rates have been  low in  Sault Ste. Marie 
from December to June. .With the  beginning of 
navigation  pollution begins to be apparent,  and  the 
concentration of traffic in the St. Mary’s River a t  
the  height of the season results  in  a very dangerous 
degree of pollution of the river, even  above the cities 
themselves. T h e  moving of the  intake -from the old 
ship  canal to its present location well  above the city 
was a wise step  and reducetl the typhoid fewr rate 
markedly,  but  the  rate is still too high in summer 
and  autumn.  The  results of bacteriologic esarnina- 
tion show that  treatment o €  the water i s  absolntely 
necessary during  the  navigation season. 

9 lpena, Michigara. 

The very high  rates  for  typhoid fever  in  Alpena 
reported in  Hygienic  Laboratory  Bulletin No. 83 
were exceeded in 791 1, when the  rate reached 101 
deaths  per 100,000. I n  1912  the  rate was  62.5. In 
the  winter  and  spring  months of 1913 a severe epi- 
demic of typhoid occurred and was accompanied as 
usual by a very high  death  rate  for  enteritis of chil- 
dren.  The  rate of typhoid fever for  1913 will prob- 
ably exceed 150. 

DEATHS I N  ALPENA BY MONTHS. 

1911,  1912,  1913. 
Enteritis 

Month.  Typhoid.  under 2 years. 
January . . . . . . . . . . . .  1 1 
Febmruary . . . . . . . . . .  3 2 
March . . . . . . . . . . . . . .  9 7 
Apnil . . . . . . . . . . . . . .  5 1 
May . . . . . . . . . . . . . . . .  2 1 
June . . . . . . . . . . . . . . .  1 0 
July . . . . . . . . . . . . . . .  0 2 
August . . . . . . . . . . . . .  1 0 
September . . . . . . . . . .  2 5 
October ............ 2  1 
November . . . . . . . . . .  3 
December . . . . . . . . . .  2 0 

4 .  

The seasonal d i s t r h t i o n  of typhoid fever in 
Alpena  since 1910 shows the same  phenomenon evi- 
dent from 1900 to 1910, viz., the maximum rates  for 

typhoicl lever  occurring  constantly  in  the winter  and 
spring months. Such  a seasonal distribution  for  a 
period of fourteen years is impossible without the 
assistance of a polluted  water supply. An attempt 
was made  after  the epidemic of 1913 to disinfect  the 
polluted  water  supply by treatment with hypo- 
chlorite. It is extremely doubtful if h!por.ldoritc 
will be a satisfactory treatment  comitlering the 
marked fluctuations and high  organic  content o f  
‘I’hunder Bay water. ‘I’he State Boarcl of Health 
very wisely advised the  installation of ( x  rapicl sand 
filtration  plant.  Three sewer outlets which  no^ dis- 
charge between the waterworks ant1 the mouth  of 
’I’lluntler Bay River are to be cut off and  the dis- 
charge turned  into  the river. 

8r.corcling to  the  State Board of Health  there 
have been no important changes in  the sewerage 
or waterworks  systems of Saginaw  and Ray (‘iry.  

T h e  typhoitl I’cver rate continues too high  for  a 
northern  city of this type. The  rate since  1910 for 
typhoid fever in Sxginaw was as  follows: 

Year.  Deaths  per 100,000. 
1910 ................................ 22 
1911 ............................... 24 
1912 ................................ 30 
1913  (11 months  only) . . . . . . . . . . . . . .  27 

Bay City utltil 191 3 was still u s i q  the pollutell 
water from  Saginaw Bay without  treatment. The 
typhoid €ever rate in 1910 was  26.3. In  1911 it 
reached 41.4, ant1 in 1912 jumped to 66.4. 

No signifi~xnt, c~hangc was nladr: in either water- 
works or sewerage systems in 1910 or 1911. In  June, 
1912, the use of hypochlorite in treating the public 
water supply was hegun.  Very  high rates  for typhoid 
fcver  prevailed  in 1910 ( 7 8 ) .  The  danger was 
c>learly pointed out  in  Bulletin No. 83, hut  nothing 
wa.s done until  June, 1912. Tn 1911 the  typhoid  rate 
was 48.2, and in 1912 it reached the disgraceful 
figure of  21K-5. The hypochlorite treatment was 
installed in  June,  and  its effects cox~ld not be mani- 
fest until  the end of July.  During  the period from 
.January to July  there occurred in Port  Huron 33 
deaths  from typhoid fever. From August to Decem- 
ber only 3 deaths weke registered. 



'l'he ~n~etllotl of administration of hypochlorite is 
crude  and  the tlosagc often inadequate. I n  spite of 
these faults  the  treatment  appears to have cut  short 
a typhoid outbreak. 'I'he State  Board of Health 
recommended solution  pumps  and  other improve- 
ments, with whirl1 better rrsnlts may be espertcd. 

. I t .  L'luir a d  M a r i t L ~ ~  ( ' i /y ,  Jlich i y t / .  

llypochlorite  treatment of St. Clair's water supply 
has been in  operation since  1912. There has been 
no change in the waterworks  system of Marinc City. 

Det , ro i f ,  Michigun. 

Y o  in1port;wt c:hanges werc maclb in  the sen-eragc 
anti waterworks  systems  since my report in Hygienic 
Laboratory  Bulletin No. 83  (page 256) ,  except an 
attempt to treat the municipal  supply wjth hppo- 
chlorite of lime begun  in April, 1913. 

'l'he typhoid Lever rate for Detroit in 1!)11 was 
15.5; in  1912 i t  was 17.5,  and  in  1913  the  rate for 
11 inlonths reached 30 deaths per 100,000. A notable 
increase in  typhoid  in  January,  February  and March, 
together  with  the  dirty  appearance of the water, 
caused the Board of Health  to  take action. On 
April 1, 1913, Dr. Guy L. Kiefer,  Health Officer of 
Detroit, called the  attention of the  Board of W a t e ~  
Commissioners  to the fact that  the public  water sup- 
ply was pollutcvl, at  the same time  advising  the  citi- 
zens through  the daily press to boil the water. T n  
response to Dr. Kiefer's  request  hypochlorite treat- 
ment ( 5  Ibs. per  million gallons) was begun April 
2nd.  The  apparatus was  crucle and  the dosage un- 
c.crt:lin. Accaordirlg to the  State Roartl of Health, 
work was begun  .in June, 191 3, upon  plans and esti- 
mates €or a  filtration  plant.  Water  taken  in  the 
Detroit River ahove the  intake showed B. coli in 66 
per cent. of the 10. c.c. samples and  in 12l/z per cent. 
of tho 1 ( x .  samples. Twenty samples of. top water 
on October 4th a t  five-minute  intervals gave the 
following results : 

No. of Positive 
samples. Quantity For B. coli. 

20 25 C.C. 90% 
20 5 C.C. 35% 

The source of Detroit's water  supply  is polluted, 
and the  attempt-b  purify is ineffectual. 

Il'yardotle, M i c h i y m .  

There have been no important changes in  either 
waterworks or sewerage systems  siince  1910. Deaths 
per 100,000 from  typhoid fever were as  follows: 

Year. Rate. 
1889 to 1905 ......................... 85. 
1906 ................................ 72. 
1907 ................................ 107. 
1908 ................................ 123. 
1909 ................................ 87. 
1910 ................................ 75. 
1911 ................................ 12. 
1912 ................................. 54. 
1913 (11 months only) . . . . . . . . . . . . . . .  84 

\Yyandotte was fortunate  in  1911 to have only 
o ~ c  tlcath f'ron~ typhoid fever registered, but  in  1913 
for eleven months only the typhoid rate per 100,000 
was 84. 

Monroe ,  Xich~igan. 

'l'here have been 110 ilnlportant  changes in Monroe 
ill either the sewerage or waterworks systems. The 
typhoid  fever rate  continues low, with  an average of 
14 deaths per 100,000 for 1911, 1912 and 1913. 

LAKE ERIK 

l 'oledo, Ohio. 

'l'he city of Toledo is making  studies  preparatory 
to the  installation of intercepting sewers and proper 
sewage disposal. Toledo has  had  a very efficient 
water  purification plant  for several years. The high 
typhoid rate is largely clue to the relatively large 
number of persons who do not avail themselves of 
the excellent municipal  supply  but  continue to use 
water from polluted wells. 

Sandusky,  Oh>io. 

Tn my previous report  (Bulletin No. 77') the 
,defects  in  the  Sandusky  filtration  plant were pointed 
out.  The sewerage sgstem was also described. 

The  city of Sandusky is now rebuilding  its water 
purification plant  at  a cost of 1125,000, and the 
Stat,e Board of Health  has recently  approved plans 
for intercepting  and  treating  the sewage of the city. 

Lorain, Ohio. 

Sewerage conditions in  Lorain  are unchanged 
since my previous  investigation. The  water purifi- 
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cation plant,  according to the  State  Health  authori- 
ties, is now giving  satisfactory service. 

Cleveland,  Ohio. 

Marked sanitary  improvement  has been effected in 
Cleveland since the  investigation published in  Bul- 
letin No. 77. 

An  experimental  plant to determine  the best solu- 
tion of the sewage disposal  problem is  in operation, 
and a  comprehensive and  satisfactory system of sew- 
age  disposal  will be the  result  within a few  years. 
The  installation of a hypochlorite plant was accom- 
panied by a remarkable decrease in  the  typhoid fever 
rate. The  year 1912, the first year  in which treated 
water was supplied, was the  first  year  in Cleveland's 
history  in which the  typhoid fever death  rate was 
expressed in a single figure. The  rate was less than 
7 deaths  per 10'0,000. ~ 

I n  Cleveland there  has been an  unfortunate  ten- 
dency to tamper  with  the dosage of hypochlorite and 
cut it down to  the  minimum. I n  pursuing  this 
tendency, against  the  strenuous  protest of Professor 
Roger Perkins, of  Western Reserve University,  the 
dose o f  hypochlorite has been too low a t  times  to 
be effective. During  the  spring freshet, when the 
Cuyahoga water is projected  far  into  the lake, pollu- 
tion at  the  intake is much  greater  and  requires a 
much larger dose of hypochlorite to  nullify it. As 
a result  the  typhoid  rate  in 1913, and especially in 
the  spring  months,  is  not so satisfactory as that of 
1912. Hypochlorite,  though  an excellent temporary 
safeguard, is n o t  an ideal purification method, and 
Cleveland's water problem  will not be satisfactorily 
solved until a proper filter plant  is  installed. 

Experiments  are now being  made to determine  the' 
most  suitable  type of filtration  plant for Cleveland 
water. I n  all probability the  temporary hypochlorite 
plant, which has served its purpose admirably, will 
be supplanted l q  a !modern filtration  plant  within a 
comparatively short  time. 

Painescille, Fairport and Richmond. Ohio. 

The  inadequate system of. water purification de- 
scribed in  Bulletin No. 77' is to be supplanted by a 
new 3,000,000 gallon mechanical filtration  plant to  
he built by the  city of Painesville. The water will 
be supplied to  the villages of Fairport  and  Richmond. 
Sewerage conditions in  the three municipalities are 
pri~cticdly u n c h a n p l .  

Conneaut, Ohio. 

Permission to  increase the discharge of sewage 
into  Conneaut Creek has been refused by the Ohio 
State  Board of Health.  The water  purification plant 
has been enlarged, and,  according to the  State  Health 
authorities, is now producing a satisfactory effluent. 

Ashtabula,  Ohio. 

No changes have been made in  the sewerage system 
since 1911. The  water  supply is the same as de- 
scribed in  Bulletin No. 7 7 .  

Erie,  Pennsylvania. 

The massive typhoid fever  epidemic in  Erie  during 
the  winter of 1910-11 was followed by marked  im- 
provement in  sanitary condition. A full  description 
of this  remarkable  typhoid  outbrcak will be found 
i n  IIygienic  Laboratory  Bulletin No. 77.  Work on 
the new sewerage system is  going on slowly for lack 
of money, but  the water supply received prompt 
attention.  The hypochlorite treatment of the  water 
has been continued, and a  modern  mechanical filtra- 
tion  plant  is  in course of construction  adjacent to 
the  pumping  station.  The  improvement effected in 
the  water  supply since the epidemic is well shown by 
the comparison by months of the two years 1911 and 
1912. 

DEATHS, TYPHOID FEVER. ERIE, PA. 

Month. 1911. 1912 
January .................. 24 1 
February ................ 56 0 
March ................... 22 1 
April .................... 12 0 
May ..................... 8 0 
June ..................... 0 0 
July ..................... 1 0 
August ................... 3 0 
September ................ 3 0 
October . . . . . . . . . . . . . . . . . .  1 2 
Nmovember ................ 2 3 
December ................. 1 0 

Totals 135 7 

Dunkirk ,  New Yorlc. 

- - 
............... 

Since the survey of conditions in  Dunkirk made 
by the  writer  in 1910, no  improvement  has been 
effected, and the condition described in  Bulletin No. 
77 is still present. 

The Canadaway Creek, carrying  the sewage of Fre- 
tlonia, with a population of 6,000, discharges  about 



ly! nlilcs from  Dunkirk's waterworks intake.  The 
entire sewage of Dunkirk itself is discharged  into 
the shallow harbor,  and  the grossly  polluted harbor 
water can readily reach the waterworks  intake,  given 
certain  conditions of wind. 

The  settlement of the sewage disposal  question  in 
Dunkirk  and  Fredonia  might be expected to  require 
time,  but  the  public  health could have been safe- 
guarded  in  the meanwhile by treating  the  water  sup- 
ply. This could have been accomplished  safely and 
cheaply by a temporary hypochlorite plant.  There 
is no  valid excuse for  neglecting to make  this cheap 
temporary  installation  pending  the  permanent  settle- 
ment of the question. 

Dunkirk  has been fortunate  in 1912, having  had 
a rate of 16. but  the menace exists, and sooner or 
later  disaster will follow unless protection is afforded. 

Buffalo, New Yorlc. 

Sanitary  conditions  in Buffalo were carefully re- 
viewed in  Hygienic  Laboratory  Bulletin NO. 7 7 ,  
p q c s  38 t,o 13 ant1 66 to 68. 

,deaths by  months  in  Cincinnati, Jensey  City  and  Newark 
Ohart No. 1 (Fig. 2 7 )  shows a " curve"  made from the 

whiclh may  be  called a " normal " typhoid  curve  compared 
with  Buffalo r b r  the  yeans 1910 and 1911. Tihe abnorlmally 
high  rates  in  Buffalo for bhe winter  and  Spring mOIvtlh5 
are clearly  shown. 

The  danger of the polluted water  from  the old 
intake was pointed out. The probability of sewage 
pollution at  the new intake  at  certain  times was 
also accentuated.  The  diagram 011 page 42 (By- 
gienic Laboratory  Bulletin 7 7 )  showed the possi- 
bi l i ty  o f  pollutiorl, by undertow  from Buffalo I-Tarbor 

during  and  after southwest gales. As a matter of 
fact, since tre completion of the new intake  the 
water has been found polluted frequently.  The 
present supply of water is drawn  partly  from  the 
old intake  and  partly  from  the new. Pollution is 
found  in  both  at times, especially in  the period from 
Kovembcr to April. 

The very low rate for typhoid fever in the  winter 
months  in cities with safe water  supplies  is a well- 
known  phenomenon. If we take a city or a group 
of cities with safe  water  supplies for a  period of years 
and  trace  the  rate by months a very characteristic 
" curve " is obtained. This " curve" is well illus- 
trated  in cities  such  as Cincinnati,  Jersey  City or 
Newark, whose water  supplies  are above reproach. 

1-11 1912 Buffalo had a remarka'ble improvement  in 
the typhoid rate.  The  total  deaths  from typhoid 
fever were 50. This gave a rate of 11.2, the lowest 
rate in the  history of the city. Considerable differ- 
cnce o€ opinion  existed in  regard .to the cause of this 
reduction. ISorne without  careful analysis attributed 
the  reduction  to  the alleged improvement  in  the 
water supply  due to  the  greater use of the new 
intake. Two facts  stand  out  prominently: first, 
the very high  rates  in December, January  and 
May ; and, second, the  abnormally low rates  in 
August, Septembcr  and October. I n  fact, the reduc- 
tion  in Buffalo's typhoid  rate  in  1912 was effected 
almost entirely in July, Au\gust, September and Octo- 
lwr, ant1 if the  winter  and  spring  typhoid  had been 



~~ .~ ~ ~. ~ 

(,Iimirlatecl, thc r;lte for Buffalo would have been 
below 5 .  

Ht~lfalo’s water supply is polluted a t  times  and is 
responsible for lnlany cases of typhoid  fever in the 
period from November to May. The public health 
could be protected a t  once at  low cost by the  installa- 
tion of a temporary  plant  for  treating  the  water with 
hypochlorite of lime. Buffalo’s citizens may demand 
and Irlalte provision for a filtration  plant  later,  but 
they should be protected immediately by the  tem- 
porary  plant.  The very low cost and known effi- 
ciellcy of hypochlorite coupled with  the  demonstrated 
pollution of the public  water supply leave no excuse 

.for delay in  cutting OR the preventable  typhoid fever 
vases antl deaths  due to  water. 

?’he Il’onau:a~Ldas, New Yorlc. 

('auditions in ‘I’onawanda and North Tonawanda 
arc unchanged.  These municipalities  still d.rink 
sewage-pollutetl water, expending  their energies in 
a  fruitless effort to improve sewerage condition9 i n  
the  IJpper  Niagara River instead of protecting  them- 
selves by treating  their own water supplies. Lock- 
port takes  its  supply from the same  source, an(1, ill 
spite of repeated warnings  and advice, follows the 
mme course as the Tonawandas. These three cities 
c7ould eradicate  their water-borne typhoid a t  once hp 
ir~stalling  a plant, .for treating  their supplies with 
hypochlorite of lime. The  plant c.ould he installed 
in forty-eight  hours  at  a cost of less than one thou- 
sand dollars, and  the cost of treating  the  water would 
he less th,an 50 cents  per  million gallons. There is 
no excuse for delay in  making  the  temporary  instal- 
lation. Even if it he decided to have a  filtration 
plant  later,  the  temporary  plant is necessary to save 
life  pending  the  settlement of details and  erection of 
the  permanent  plant. 

l’he rates  for typhoid fever in  such  cities should 
not be above 8 per 100,000 if the water supply were 
safe. Tn 1912 the  rate  for  the  three cities was 21. 
Tn Lockport  during  January,  February  and  March, 
1913, there were 5 deaths  from  typhoid  fever, and 
if the  same  ratio were maintained  during  the year 
would give a rate of 110 per 100,000, or if Lockport 
should he fortunate enough during  the  remainder of 
the year  to have no  more deaths  from typhoid the 
rate woalcl stsill he 27 for the year. 

~~~ . ~ ~ ~. 

‘ Niagara l~’uIls, Ne,w l ’ork. 

Great improvenlent  in the  water supply of Niagara 
Palls has been effected since nly former  report  (Hy- 
gienic Laboratory  Bulletin ‘7’7). 

The municipal plant  and also that of tlw Western 
S e w  York W a t c ~  Company are now furnishing safe 
\VitI(>r. ‘l’llr mullicipal snpply is drawn  from  the 
Niagara River and is treated by rapid  sand  filtration 
supplemented by hypochlorite treatment.  The  pri- 
vate w t e r  ( W I I ~ ~ I I ~  takes the water from the power 
canal, a grossly polluted  raw  water, hut hy rapid 
sillltl filtratiou, antl the use oC hypochlorite as  an 
at l ju~ant ,  R safc cfllncnt i s  Eurnishctl. ’l’he munici- 
pal plant was installed  in  February, 1912, and  the 
\\‘extern New I‘ork (’ompany plant was installed jn 
June, 1912. The (+Fed on the typhoicl fever rate 
\vas imnediatc and pronounced. The  entire city did 
llot receivc safc filtered water until  June, 1912. In  
the twelve months im,nlcdiately following (June, 
1912, to May, 3913) there were 10 deaths  from 
typhoid  fever in  Niagara  Falls. ‘Phis is an  annual 
rate per 100,000 popnlation of 30, the lowest rate 
in the history of the city. From 3898 to 1907 the 
lowest typhoid fever rate in Niagara  Falls was 107. 
I n  1908, 1909 and 1910 the  rate fluctuated from 74 
to 9’7. Tn 1911 it reached the very high  rate of 187. 
E r e n  more striking  than  the reduction i n  the  total 
yearly rate is the  elimination of typhoid fcwr  in  the 
winter  and  spring months. From  ,January to April, 
1913, there were only two deaths  from typhoid in 
Niagara  Falls.  The following table shows  how this 
taompares with former  years: 

Typhoid  Deaths  in  *January, Febr’uary, March  and  April. 

Year.  Before  water  purification. 
1908 .......................... 12 
1909 ........................... 8 
1910 . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
1911 ........................... 30 
1912 ........................... 1 3  

‘Since  water  purification. 
1913 . . . . . .  ; .................... 2 

The unenviable distinrtion of havin,c the highest 
typhoid  fever rate  in  the  United  States foi. a lonf 
period of years  has been lost by Niagara  Falls, and 
proper water  purification promises  to repeat in N i x -  
ara Falls the success achieved in Pittsburgh and other 
cities which formerly were notorious tvphoiil fevrr 
centres. The present  yearly rate is rather hi,ch. 
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~ J A K I ' ;  ONTARIO AND THE ST. LAWRENCE RIVER. 

Roclmter ,  New York.  

The  sanitary  conditions  in Rochester are  practi- 
cally the  same  as  in 1911. The extensive sewerage 
plans  being carried  out  (described  in  Hygienic 
Laboratory Bulletin No. 83) do not affect the  water 
supply, whicah is taken  from Hemlock Lake.  Atten- 
tion was callcd in  Bulletin 83 to the  danger of plac- 
ing  implicit confidence in  unfiltered  surface sup- 
plies I'rom inhahited  watersheds, eYen if policed and 
c.ontrollet1. It may also noted by the  writer  that  the 
typhoitl ratcn in  certain  months, especially January, 
were too high. ']!he typhoid fever rate  in Rochester 
remains low, hut i l le  peculiarities  in seasonal preva- 
1cnc.c arts ~ r o r ~ 1 1 y  o f  thc c,loscs;t study. T h c  high 

!:I(; 3 9  
Challt So. :3 ( F i g .  39)  shows  liochester ( so l id   l i ne )  com- 

sonnl  I> re \ s l ence .  
pared  with  Jersey C i t y   ( d o t t e d   l i n e )   i n   t h e   m a t k e r  of sea -  

rnte i n  January is striking. 'l'llere seems to be a 
stctadily high  rate  from October to January  instead 
of the  rather  rapid decline from October to January 
customary in cities with safe water  supplies. 

Both cities use unfiltered  surface supplies, but 
Jersey City treats its  supply  with hypochlorite of 
linw as a safeguard. Rochester  depends upon  the 
policing and  control of the watershed and storage 
alone  as  a protection. Only a  careful study extend- 
ing o v u  a considerable  period will determine  the 
csact cause of the  peculiar seasonal prevalence of 
typhoid foyer in Rochester. 

feet off shore. The  ilnprowment elfected by sub- 
stituting  lake water for  the polluted  river  water is 
shown by the  typhoid lever statistics.  The  chart 011 

page 287 01 Hygienic Laboratory Bulletin No. 83 
shows the very high rates  for  typhoid fever in Oswego 
clurillg the  first live nlonths o l  each year. Since tlLe 
c>harlge  in the intake t h e  llas llot been a single  death 
.Cram typhoid fever in Os\vcgo in January,  February, 
March, April or  Nay. 'Phis does not mean that  the 
lalie water  without  treatment will always he safe, but 
shows that  thc lakc water WLS safe  in 1912 and 1913 
(111rill:: the willter nnrl spring  months. 

ll'utwto/rrt, Netu Yolk.  

Watertown has  had  unusually  high  rates  for  ty- 
phoid fever since  1906. The source of water supply 
is the Black  River, and  sinw 1901 a  mechanical filter 
plant  has been in  operation. It is apparent  that  its 
operation  has  not been efficient. An investigation 
was made by the  State  Health  Department  and a 
marked  improvement i n  the  typhoid fsver rate  has 
resulted. From  the very high  rates  prevalent  in 
1!108-1911, the  rate  in 1912  dropped  to 11. The win- 
ter  and  spring  typhoid  seem to be eliminated, as 
there  has  not been a death  from  typhoid  fever  in 
January,  February,  March or April of 1912  and 
1913. The mere installation of a  filter plant does 
not assure safe  water. Intelligent  and  careful opera- 
tion with daily  bacteriologic  control are necessary to 
secure  a  safe effluent, and  this  is  particularly  true 
whew thc raw  water is taken  from a  grossly  polluted 
rimr. 

Ogdensburg, New Yo&. 

The source of water  supply for Ogdensburg was ' 

changed in  1912  from  the Oswegotchie River to  the 
St. Lawrence. In June, 1912, the slow sand filters 
were completed and  put  in,operation. 

Ogdensburg has  had a  continuously excessive rate 
for  typhoid fever. The average for  the  ten  years 
from 1900 to 1909 was 48.5 deaths per 100,000 popu- 
lation. In 1911 the  rate was 30.8, and  in 1912, 36.7'. 
Striking  results followed the  installation of the fil- 

Oswe!lo, New Yorlc. ters. Not a single  death occurred during  the  remain- 
der of 1912, and only one death  from  typhoid fever 

I n  1910 the int,ake for  thc puhlic  water supply of has occurred in  the twelve months  from  June, 1912, 
Oswego was placed in Lake  Ontario  about 500 feet  to May, 1913, giving a typhoid  rate of only 6.2 for 
from the shore. I n  1912  the  intake was placed 7,000 t,hn first  year in which filtered water was furnished. 
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TYPHOID  FEVER  STATISTICS  AND SOME SANITARY  FACTS  AFFECTING ITS 
UNDUE  PREVALENCE  IN  ONTARIO 

(Through the  courtesy of the Provincial Board of fIcal2h of Outario.) 

In  considering  the question of typhoid fever in fanlike to the  Greater West. In  this newer terri- 
the Dominion of Canada, for the purposes of this tory  the  population  is  largely made up of the 
report,  the Provirlce of Ontario  from  the  fact of its employees engaged in railway  construction, in  min- 
geographical position on the  International waters ing, and  in  the  lumber  industry.  The  health of 
is the  portion most vitally concerned. The  Province the  men engaged in  the  industries  just  mentioned  is 
has  an immense area of over 400,000 square miles. under close supervision by the  Provincial  Board of 
I t  has  a  frontage on the.  International waters, Health.  The  regulations of the  Board define the 
stretching  Irom  the Lakc of the \Voo(ls to  Corn- character  and location of the camps. These  are  not 
wall on the St. Lawrence of 1,500 miles. Along allowed close to a river, stream or  lake, and  the 
this  area  are  its chief centres of population.  The requirements  respecting  their construction,  ventila- 
older portions of the Province, abutting on the  Grcat tion and sanitary  conditions  are  strict,ly enforced. 
Lakes, are  the  most  thickly  settled.  In  that  portion Enell cn~ploycr of labour is required to provide a 
known as New Ontario  the population,  except in the physician for  the care of the  men employed. 
ncw and rapitlly growing towns and cities  on the Monthly  inspection and  report upon the camps is 
Upper Lakes, is found chiefly on  the  three h e s  of made by thc  contract physician. The  regulations 
Transcontinental railways which converge at  Fort are  rigidly enforced by the  District Officers of 
TTrilliam and Port  Arthur  and from there  stretch IIealth.  In  this may the  Frovince is possessed of 

1903. ....... 
1S04. ....... 
1x5 ........ 
1906, ....... 
1907. ....... 
1908. ....... 
1!)09.. ...... 
1910. ....... 
1911 ........ 
1912.. ...... 
Average .... 

I. 



APPENDIX. 359 
" 

a very complete knowlcdge of the incidence of 
typhoid €ever and other diseases occurring  among 
this  portion of the  population. 'Il'he records of deaths 
from  the various diseases have been carefully col- 
lected for the  last  forty-three  years  and published in 
the  Registrar-General's  reports; especially in  the  last 
ten or fifteen  years  these  records are very colmplete 
and  form an accurate basis for the  typhoid  rates 
included  herein. The record is not one to be proud 
of. It will be seen that while the  typhoid  rate  is 
excessive in  most  parts of the Province, over a long 
period of time, i t  is  higher  in  the  communities  tak- 
ing  their  supplies  from  rivers  and streams, and 
highest of all in  the counties and  in  thc cities and 
towns situated  on  the  International waters. The 
City of Ottawa,  the  capital of he Dominion, has  had 
within  the  last  three years two very marked  out- 
breaks of typhoid, shown after  careful investiga- 
tions to have been c a u s d  by the use of sewage- 
polluted  water  from  the  Ottawa River. It is a 
disgraceful  fact  that up to the present date no satis- 
factory plan  for n pure supply for  that  city  has been 

adopted. Sarnia,  on  the River St. Clair, 011 the 
other  hand, hag profited by its experiences with 
typhoid  fever two years ago. I ts  water supply is 
taken  from  the river. 'I'his, on investigation by the 
Provincial Board, having been shown to be the origin 
of the outbreak, the town has  undertaken  to secure 
a supply by infiltration  from  Lake  Huron  at a point 
several  miles above the town. The new works will 
be completed during  the coming sumlmer and will 
ensure  a safe  supply. 

Many of the  port towns have high  typhoid  rates. 
Doubtless a good many of their cases come from  the 
boats during the season oE navigation. Some of the 
typhoid in these  communities, especially if the town 
is a hospital centre, comes from  the  surrounding dis- 
tricts. But when the  rates for the counties  along 
the boundary  waters are considered, and  the experi- 
ences of thc physicians in  rural  communities 
adjacent to  thc cities and towns is  heard, one is 
forced  to the conclusion that a good deal of the 
rural typhoid  fcver has  its source in these urban 
centres. The Counties of York, Essex, Ilambton  and 
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Il’rontenac, lying on the  International waters, have 
l ~ a c l  a high  typhoid  rate  for  many-years. 

All of the cities and towns on the  International 
waters have had excessive rates  for a long period of 
time. I n  some of them, notably Fort William, 
Sault  Ste.  Marie  and  Sarnia, these rates have been 
extraordinarily  high.  All of them, with  the single 
exception of Fort  William, which has  had a moun- 
tain  lake  supply  for  the  last half  a dozen years, take 
their  water  supplies  from  the  adjacent waters into 
which, without  treatment,  all  their sewage is poured. 
A few, such as Port  Arthur,  Sault  Ste. Marie, Sar- 
nia, etc., have been required by the  Provincial Board 
to establish  emergency chlorination  apparatus.  The 
City of Toronto uses water which is treated by a 
slow sand  filter supplemented by chlorination.  The 
effect of treatment  in  this city has shown a marked 
reduckion in  the typhoid rates  during  the  last two 
years. 

The use oC chlorine, if properly applied, has proved 
to be a valuable  emergency  measure in the treatment 
of water supplies  in  Ontario. For a number of 
reasons it is not completely satisfactory. Unless t,he. 
dosage is  small  and  carefullv  regulated it gives rise 
to a great deal of colmplaint on account of the  taste, 
and  this is frequently made an excuse for lessening 
the dose to an ineffective amount or dispensing with 
it altogether. I ts  value depends upon  careful regn- 
lat,ion of the dosage, the  scrupulous care of a com- 
petent  staff  and  the  oversight of a  bacteriological 
laboratory. I n  Toronto, where these  conditions  ‘are 
fulfilled, there is little  complaint  and, as already 
remarked, the  results  here  justify  the  exertions of 
the  Health  Department  and  city  authorities. 

The  results of the investigation,  included in  this 
report,  indicating  the gross pollution of much of the 
International waters, due chiefly to the sewage of 
the  urbah  communities  in both countries,  point 
plainly to  the connection between this  pollution  and 
the  high  typhoid  rates  in  their cities and towns and 
should  surely stimulate public opinion to reduce the 
causes both by a proper disposal of the sewage and 
by providing such tieatment of their water  supplies 
as will safeguard  the  population  against  an easily 
prcventablc disease. 

RAINY RIVER AND FORT FRANCES. 

Both these places are  situated  on  the  Rainy River. 
They  are  the most westerly towns of importance on 

the  International waters. Their  water supplies are 
taken  from  the sewage-polluted river  water  and both 
have high  typhoid  ,rates. Some of this  typhoid may 
be accounted for by the influx from  the  adjacent 
lumber woods and railway construction camps. But 
from  the  character of their  water supplies it seems 
probable that  the disease is largely  water-borne. 
These towns, as well as International Falls,  on the 
United  States side, cannot hope to  obtain safe  river 
water until  the sewage is properly taken care of. I n  
the  meantime these municipalities should  filter and 
chlorinate  their water  supplies. 

FORT WILLIAM AND PORT ARTHUR. 

These twin cities have during  the  last twelve years 
had  an  extraordinarily  high  typhoid  rate.  Both of 
them  ‘are hoqital  centres  and receive the sick from 
the lumber, mining  and  construction camps of their 
neighbourhood. This accounts for  part of their 
typhoid rate.  Fort  William  is  the  larger of the two 
cities. Until 1909 Fort  William took its  water  sup- 
ply frolm the  Kaministiquia River-a seriously pol- 
luted source. I n  1906 the  intake was broken close 
to  shore and received gross pollution  from a sewer 
entering  the  river above and nearby. Ten  per cent. 
of the  population developed typhoid.  Three years 
afterwards  the Loch Lomond supply was put  into 
commission. Since  then  the  typhoid  rate  has come 
down, until  at  the  present  time it is below thirty. 
During  the big typhoid year Port  Arthur  had  its 
highest  rate.  There  is a good deal of communica- 
tion between the two towns. The water supply of 
Port  Arthur is obtained from a point  in  Thunder 
Bay, not very far  from some sewer outlets. As the 
town grew the  amount of sewage increased, with  the 
result  that  the  typhoid  rate  has also steadily 
increased, until now it is several times  higher  than 
that of Fort William, though  all  other  sanitary con- 
ditions are better in Port  Arthur  than in Fort 
William. Throughout  the  greater  part of the  time 
the  Port  Arthur water exhibits  but  slight  contam- 
ination,  but shows intevmittent serious  pollution. 
On these days of pollution  the  counts  are  not  what 
are generally considered high, nor is  the colon con- 
tent large. Contrasting  this with the  pure bay 
water it appears serious. Chlorination of the  supply 
has been in  operation  in  Port  Arthur  during  the  last 
ten months, but  has been rather  indifferently applied. 
The hoped-for reduction  in typhoid has  not been 
great. 
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SAULT STE. MAKIE. 

The  typhoid  rate  here  has always been high. This 
also is a hospital  centre €or the camps of the dis- 
trict. This accounts for part of the typhoid.  When 
Sault  Ste. Marie,  Michigan, took its  water  supply 
from  just above the  canal locks its  typhoid  rate  and 
that of Sault  Ste. Marie, Ontario, paralleled each 
other.  The  Michigan  city now takes  its  water  from 
a point above the sewer'  outlets. Its  rate  has  fallen 
markedly below that of the  Ontario city, which still 
continues to take  its  water  from  the old  source above 
the locks and still holds its old rate.  The  Michigan 
city's typhoid is about  nil  in  the  winter. It rises 
strikingly  during  the  months of navigation,  but 
'earlier  than  the fly season, whilst  Sault  Ste. Marie, 
Ontario,  has  its  typhoid  in  the  winter as well as in 
the summer, just as Sault Ste. Marie,  Michigan, 
used to  have prior  to  the  installation of its present 
intake. 

If the typhoid of these  cities is correctly  located 
as  to  origin, we have a good illustration of the dis- 
astrous  effect of slight  intermittent  pollution  and 
also of the  pollution derived from  the boats. Even 
when polluted, the  count  is  remarkably low and  the 
colon bacillus present  in  small  number only. 

SARNIA. 

This town at  the head of the River St. Clair  takes 
its supply  unfiltered  from  the river through  an  intake 
extending  about seven hundred  feet  into  the  stream. 
In  the  latter  part of 1911 there was a  sharp  outbreak 
of typhoid  there,  and  under  the  direction of the  Pro- 
vincial Board of Health  a  chlorination  apparatus 
was established. In  January, 1912, the Board, act- 
ing  as  a Commission under  the  Public.  Health Act, 
made  a  thorough  investigation  under  oath  into  the 
whole question of the  water  supply  and  typhoid con- 
,ditions  in  the town.* 

The evidence established : 
(1) That  there were in  the town, during  the year 

1911, 151 cases of typhoid, of which 136 occurred 
during  the  months of November and December. 

(2)  That  the  contaminated  water  supply was, 
especially during these latter  months,  the sole cause. 
This was evidenced by a widespread distribution over 
the town, the occurrence of the  large  proportion of 

Typhoid  Fever  in the Town of Sarnia, 1912. Provincial 
0 See Report of Special  Investigation  into  the  Cause of 

Board o €  Health,  Ontario. 
24 

cases during  the cold scaso~1, the absence of other 
causes, as milk, etc. Contact cases werel practically 
eliminated, it being shown by the evidence of Dr. 
Bentley and  others  that second cases in  the same 
house occurred at  the same time.  The figures in 
respect t o  milk inspection were given in  the evidence 
of Dr. R. W. Bell. The evidence of Dr. Wilkinson 
respecting  the prevalence of cases in  a  strip of ter- 
ritory  adjacent to the St Clair  Eiver was of especial 
significance. 

( 3 )  That  the  water  supply was contaminated a t  
various titmes since 1903 is shown by examinations 
made  in  the  State  Laboratory of Hygiene, Ann 
Arbor, Mich., by the bacteriologist ancl chemist of 
the  Imperial Oil Company of Sarnia,  and repeat- 
edly by the officers of the  Laboratory of the  Provin- 
cial Board of IIealth  at  Toronto. 

(4) I n  addition,  the evidence goes to show that 
there  is  danger of pollution of the  water  supply  from 
the sewage of the town, which has  its  outlet at  the 
foot of Cromwell Street, a couple of blocks below the 
intake, through  the influence of currents sweeping 
northward  into  the bay, by the  disturbance of bay 
water by these currents, by the  rising ancl falling 
of the bay waters clue to north  and  south winds, and 
by the ebb and flow caused by large vessels passing 
up  and down. Besides this  there  is  the sewage from 
the steamboats and  from  the considerable population 
at  the  mills  north of the intake, and  from  Point 
Edward, R village where the lake  empties into  the 
river. 

( 5 )  That  during  the years 1898 onward there was 
a very large  number of cases of typhoid. It WAS 

shown by the evidence of most of the medical practi- 
tioners of the town that  for every case treated  in  the 
hospital there were a t  least two treated  in  the homes 
of the town. This being the case, it will be seen 
from  the following table  that  there  has been during 
the  last  fourteen years an allmost continuous epidemic 
of the disease. 

(6 )  That  the  death  rate was abnormally large. 
I n  the years  1900  to 1911 inclusive, the records of 
the  Registrar General's Department show an average 
of almost  9 yearly, or a  total of 98  deaths. Taking 
the  population  at 10,000, this means 90 per 100,000. 
For 1911 it means 140 per 100,000. A  death  rate 
from  typhoid of above  20 per 100,000 is considered 
by sanitarians  to be an excesssive  one. That of 
Toronto  during  1911 was  20 per 100,000. Taking 
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the  population of Torollto a t  400,000, an equiva- 
lent  number of cases for  that  city f'or 1911 would 
be 6,000, and  the  comparative  deaths 560! The 
total  typhoid  fever  death rate for  adjacent  tow~ls 
during  the  last  cleren  years is-Chatham (12,000), 
57; Windsor (lS,OOO), 5.2; that of Petrolca, which 
takes  its  supply  from  Lake  Euron, a distance of 
about 14 miles, is very low. Last year (1911) there 
was but one case and in eleven years but one death. 

As a result of this  investigation  the new water 
supply system  already  referred  to  is  under  construc- 
tion. 

TYPIIOID FEVER CASES IN THE SARNIA GENERAL HOSPITAL. 

Year. 
I896 . . . . . . . . . . . . . . . .  2 . . . . . . . . . . . . . . . .  2 

1898 20 ................ 10 
1897  14 8 

1900  80 58 
1899 60 24 

1901 . . . . . . . . . . . . . . . .  89 ................ 55 
1902 . . . . . . . . . . . . . . . .  103 . . . . . . . . . . . . . . . .  73 
1903 ................ 57 . . . . . . . . . . . . . . . .  40 
1904 . . . . . . . . . . . . . . . .  25 . . . . . . . . . . . . . . . .  18  
1905 . . . . . . . . . . . . . . . .  57 ................ 46 
190G . . . . . . . . . . . . . . . .  55 . . . . . . . . . . . . . . . .  41 
1307 . . . . . . . . . . . . . . . .  37 . . . . . . . . . . . . . . . .  28 
1908 . . . . . . . . . . . . . . . .  60 ................ 49 
1909 . . . . . . . . . . . . . . . .  66 . . . . . . . . . . . . . . . .  46 
1910 . . . . . . . . . . .  : . . . .  60 . . . . . . . . . . . . . . . .  35 
1911 ................ 76 . . . . . . . . . . . . . . . .  59 

Cases from 
Total Cases. Sarnia Town. 

. . . . . . . . . . . . . . . .  ................ 
. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  ................ 
. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

I 

TT~.~l.IrI~l~vrr,Lx. 

'L'llc t y ~ h o i c l  rate in this town is intermittent. 
Some pollution  enters  the  Detroit  River chiefly from 
navigation a h v c  the intaltc of this town. At  present 
a fairly  satidxtory chlorination of the supply  is 
kxing done  here. 

WINDSOR. 

This city  takes  its  water supply from  the  Detroit 
River in the  ship  channel and about half a  mile 
bclon- the nearest Walkerville scwer outlet. I t s  ty- 
phoid rate has always been high.  Mach  difiknlty 
has been experienced in  having  chlorination  properlg 
done in  this city. It requires  approximately 16 lbs. 
Hypo-chlorite  per  million gallons to  chlorinate the 
water a t  this  point.  Some  deaths are  undoubtedly 
due  to  the  infected mater served €or drinking pnr- 
poses on  the  ferries  plying bstween Windsor :md 
Detroit. 

SANDWICH. 

The  Typhoid  rate  in  this town is  similar to  that 
of  Windsor, as would be expected  since their  water 
supply is taken  from  the  Windsor  Water Works Sys- 
tem. 

Ah1 l l l m s ' ~ l ~ ~ ~ I ~ G .  

This town is at  the lower cnd of the  Detroit River. 
Its typhoid  rate is  high,  though  statistics  do n o t  
show so high  as those of Santlwich or Windsor. The 
raw  water is lmuch  worse from  the bacteriological 
standard  than  that of the towns above. This is one 
of the old fixed population towns. It used to be 
notorious  as  a  typhoid  centre  for  railroad  men. The 
suggested  explanation of the now comparatively low 
rate is that  practically  all  the  inhabitants  here a t  
one  time or another have had  typhoid  fever. A good 
deal of ague a t  one time esintcd on this  Detroit  River 
littoral. TJntil rccmtly  malaria was blamed for much 
that  must have Ireen typhoid i l l  the  earlier days. The 
water  supply of this town is 110~y being  chlorinated. 

NIAGARA FALLS, ONTARIO. 

The town has taken  its  water  supply from the 
same  source above the  Falls for several  years. Until 
190G it was comparatively free  from typhoid.  Since 
then  the  typhoid  has gone on  increasing.  Analysis 
of the town  water  before 1906 rarely showed infec- 
tion,  since that  time  infection 11as been frequent. 
Power-development has been considerable in  the  last 
cig-ht years. Most of the construction work has been 
below ground. It is possible some of the infection 
arose from these  developnlent works. Many of the 
people of this town worlc on  tlw United  States side 
of the river, and vice  versa,. Niagara  Falls, N.Y., 
has been notorious for  years as a typhoid  centre. 
('hippewa Crccl;, a w r y  sluggish ant1 11nntldy strenn~, 
tliscl~arges into  the  Niagara River a ronple of miles 
above the  Niagara Falls, Ont., intake.  Twelve  miles 
abore its  mouth  this creek receives the sewage of 
Welland, a town of scren or eight  thousand  inhahit- 
ants  recently  grown fr011n small  proportions. 'I'hc 
sluggishness and mud  content of this  vater tllc 
twclvc miles  probably has  much  to do in minimixillg 
the  harmful efTcct of this  pollution.  Another 
explanation that  has been suggested for the 111ore 
freqncnt  pollution of this  Niagara  Falls  water  sup- 
ply is the possible divcrsion of water  from  the  other 



, '  1 oro!ltw ilk:? ~ \ , I I C '  through rc\.cra.l outbreaks of 
typhoid. First, wilcn tile intakc was locatetl  west 
o l  the  Island in Garrison  ('unmlon Bay, the  ratc w a e  
intermittently  high, r e a c l h g   a t  times  to even 100. 
The Eccoiul period was ushered in when tlle  eite 
of tllc i n  taltc was moved to its present locality, and 
a moodttn tvm:lllit laid across the  bottom of Toronto 
Bay  to the vitg. In the  early  years of this  period 
the  rate was low, hut  gradually  increased  until it.. 
reachetl 5 5 ,  wit11 csacerbations  due  to  gross azcci- 
dents  to  the  conduit. I n  the  third  period a steer 
pi!w \vas snb:jtitut~:\l I'o; tllc woo(1en one. The  rate 
fell to  the lowest i t  had been lor ~ r a r s ,  between I?' 
and 26. Accidents of mrious kinds happened to 
this pipe. It \vas rut  k~y anchors  three or four  times. 
Once i t  rose to the  surfilct  There mere in conse- 
quence gross infections of the city  water  with  the 
sewage-polluted hay water, followed by ontbreaks oi' 
typhoid.  Generally  the  pipe was tight,  but  the gen- 
eral  typhoid  ratc  increased as the  population 
increased. There was no material  chmge when the 
present  tunnel was put in use. Chlorination was 
started,  but was hall-heartedly done. The  rate mas 
not  materially affected. Sir months  later  it was 
begun seriously with decided improvement  in  the 
ratc,  though  the  raw water for a year of the  time 
was the worst it had been for years. Then  the  last 
period came in  with  the  putting  into comlmission of 
a slow sand  filter,  ~vhich is,  however, of too snlall 
a c a p c i t y  to  filter x11 of tllc c'ity's water; now I)ctwt,lrn 
the filter, the after chlorination  antl  the prcsollt, 
treatment of the bulk of the sewage,  practic.nliy 
sterile water is h i n g  supplied  to  Toronto. rilllr 
typhoid  .rate for the  last ycar"10.5 per 100,OUO- 
is  the lowcst that  has h e n  experienced in Toronto 
J'or o w r  t:rcnt~y-~ive yc~1.w. The citizens arc IJcirI<c 
~vel l  re/):aitl for thc eypcnsc involvetl. & h e y  j 1 . 1 : ~  

been voted recently toward the  installation of fiItor.2 
sufFicierlt to fil tcr  IOO,OOO,OOO gallons per day o f  I:li<.(. 
water. It is  to bo hoped that  anxiety  with reCerefl i ,c 
to this  water snpply will  soon  be  removed. 

KINJnSTON. 

This is another  city  that  has  had  intake troubles. 
Their mater supply s h o w  intermittent  infection. 
During  the  greater  part of the  time  the  water is 
pure.  Breaks  in  the  inshore cnd of the  conduit haye 
usually  resulted in typhoid  outbreaks.  The  investi- 
gation  last  spring sho.ivec1 that  Cataraqui Bay, which 
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is always  sewage-polluted, intermittently  discharged 
out into  the  current where the  intake  is  situated. 
Also, it was  shown that  with given  winds the inshore 
sewage-polluted  water  occasionally flowed over the 
site of the  intake. This city  is a hospital  centre,  but 
the typhoid of the city  is  out of proportion to  that 
of the county and runs very evenly distributed 
throughout  the year. The  rate has for years been 
generally over 30 per 100,000. The pollution of this 
city’s  water  supply is chiefly due  to  the  short  cir- 
cuiting of its own  sewage-some may  arise  from 
navijiatioll. 

RROcKVlLLE. 

The typhoitl rate in this  town  has been high  for 
a nunlbcr of years;  the average rate  per 100,000 
for the  last  ten  years is 47. I n  190G the  rate was 
as high :is 109.  The lowest rate was 10 per 100,000, 
in IrtSOl 

The watcr  supply is taken  from  the St. Lawrence 
River  about twenty-five miles below the  Thousand 
Islands. Considerable  pollution  exists in the  vicinity 
of the waterworks  intake  due  to local  conditions and 
t,o the  character of the  river  water at  this point. 
T h e  pollution  is  angmcnled  during  the  navigation 
season. 

From  the  character of the  water  supply  and  from 
the seasonal distribution of typhoid it is very appar- 
ent  that  the  water  supply is the (major cause of their 
high typhoid  rates.  This  supply  should be  filtererl 
to remove gross matter  in suspension due  to  naviga- 
tion and chlorinated  to  protect  against  irregularities 
in filtration;  the  typhoid  rate  should be as low or 
lower  than in 1910, namely, 10 per 100,000. ‘l’hc 

chlorination as practised  hcre  duriug  the  last two 
years has  not been as successful  as one would wish; 
possibly the dosage is too  small. 

CORNWALL. 

The typhoid rate  in this town 113s also been very 
high for a number of years. T h e  #average rate  per 
100,0d0 for the  last  ten years  recorded is 59-a vory 
high average rate. In 1906  and  1908  the  highest  rates 
were obtained, namely, 85 and  105  per 100,000. The 
water  supply is obtained  iron1  the St. Lawrence 
River, and while the  nearest  large  nrban  centre, 
Ogdcr;sburg, is forty-five milcs above, pollution  has 
been clearly  shown to continue  through that dis- 
tance ; this  pollution  is consiclerably augmented. by 
navigation during  the  summer  months. 

It is  reasonable to  assume  from  the  character of 
the water  supply, and  from  the seasonal distribution 
of typhoid  shown on the  accompanying sheets, page 
xxx, that the water  supply  is  the  major  cause of 
the prevalence of typhoid  fever. If the  cities above 
were compelled to  sediment and disinfect  thcir 
sewage, and  the  navigation companies were to pro- 
vide ’for  the  taking  care of sewage from boats, this 
municipality would have little  or no difficulty in 
controlling  typhoid  fever. Under existing  circum- 
stances it is  altogether  advisable to  instal filters and 
protect  thei-r  irregularities by chlorination or other 
disinfecting  measures. No treatment, or any kind 
has been practised  there. 

JOHN W. S. McC~I,l.ouc;rI. 
JOHN A.  AMYOT. 
F. A. DALLYN. 

TYPHOID  FEVER  STATISTICS,   PROVINCE OF ONTARIO 

T h e  very  complete statistics conveniently arranged any country where the  water supplies are  unprotected 
in tabular form by months for the  Province of On- and subject to  sewage pollution,  and where so much 
tario have been obtained from the  Registrar General’s travelling  is  indulged  in,  as in  Canada and  the 
Department of that Province.  These  statistics show United  States,  typhoid fever will never be eradicated 
how extensively  typhoid  fever is scattered throughout except by a concerted  movement for the compulsory 
t he  entire province. It is an admitted  fact that   in protection of Municipal  Water Supplies. 
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TYPHOID  FEVER  STATISTICS,  PROVINCE OF ONTARIO 
DEATHS FROM TYPHOID FEVER BY YEARS AND BY MONTHS, 1902-1912, INCLUSIVE 
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TYPHOID  FEVER  STATISTICS,  PROVINCE OF ONTARIO 
DEATHS  FROM  TYPHOID  FEVER  BY  YEARS  AND BY MONTHS, 1902-1912, INCLUSIVE 
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Not  including  Ottawa 

___. 

1 2 
1903 . . . .  .. 
1904~ . . . . . . . .  
1905 

1907i . . . .  
1906, . . . . . .  1 .. 9 

1908, . . . .  .. 2 
. . . .  

.. . . . .  . . . .  i: 
2 .. 

1912 .. .. . . . . . .  .. 

- 

CITY OF OTTAWA 
County of Carleton __ 

101 
19021 59928 

G 1 2 . . 1 . .  . . . . . .  . . l . . l  lD0Bl 

19 .. 2 1 4 1 1 4 .. 2 1 2 1 

1904i 1 3 4 2 2 1 3  . . . . . .  1 . . . . . .  
1'305i 

1 1 2 1 1 7 8 4 2 5  . . . . . . . .  1908/ 

7 3 3 3 2 1 . . 3 4 4 2 6 3 8  10071 

1 4  2 1 1 . .  P 1 2 2 
1 1 2 ' 1 . .  

l '3OGl 1 . . 2 1 1 1 1 4 2 5 4 3 2 5  

1909~ 

1 1 .. 6 52 12  19 4. 3 !!S 
2 1 .. 6 2 1 :17 

1 %  
20 1 3  3 5 1 1 . .  1 1 . .  2 2 

13 1 4  66 39, 55 29  25 3G9 

1 3  2 1 . .  1 1  2 3 1 6  13 
21 

__ 
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TYPHOID  FEVER  STATISTICS,  PROVINCE  OF  ONTARIO 
DEATHS  FROM  TYPHOID  FEVER  BY  YEARS  AND  BY  MONTHS, 1902-1912, INCLUSIVE 

I A G  2 G.2 
0' i * h P42 - " " 

01 
1902 

.. 1912 

. , 17740 1911 

.. 1910 

.. 1909 

.. 1908 

.. 1907 
1 1906 
. .  1905 
.. 1904 
.. 1903 
. . 21036 

I 
" 

- 

.- 

COUNTY OF  DUFFERIN 

+i d 

$ 8 5 d Z  
d 6 6 

" _" " " . - ._ 

. . . . . . . . . .  

. . . . . . . .  

1 . . . . . . . . .  
13 1 . . . . . .  
2 . . . . . . . .  
3 .. 1 . . . .  
1 

. . . . . . . .  1 
1 . . . . . .  2 
. . . . . . . .  1 

. . . . . . . . . .  

. . . . . . . . . .  
" "" " "- 

1 0 1 1 2 4  

COUNTIES OF NORTHUMBERLAND  AND  DURHAM 
Not including  Cobourg,  Port  Hope 

TOWN O F  COBOURG, 
County of Northumberland 

1 9 J 1 4 2 3 9  .. . , 
1903 
1904 

. . . . . .  1912 

. . . . . .  5047 1911 
. . . .  1 1910 

. . . . . .  1909 

. . . . . .  1908 

. . . . . .  1907 

. . . . . .  1906 

. . . . . .  7 905 

. . . . . .  

1 . . . .  

.. 
. . . . . .  

- " " 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
1 . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
1 

. . . .  2 

. . . .  "_ 

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  . . . .  

. . . .  

. . . .  . . . .  

. . . .  
" 

__ 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
1 
2 

. . . .  
.. 1 

. . . . . .  
3 .. 1 

. . . .  

. . . .  . . . .  

. . . .  
1 2  . . . .  
. . . .  
. . . .  
.. 
1 4  

2 

1 .. 
2 9  
" 

TOWN OF PORT  HOPE 
County of Durham 

COUNTY OF  ELGIN 
Not  including St. Thomas 

2 b i G  
2 4 ;  
" "_ " 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
1 . . . .  
. . . . . .  
. . . . . .  
. . . .  I 
" " " 

01 
1092 

.. 1912 

. . 30528 1911 

.. 1910 

.. 1909 

.. 1908 
1907 

.. 1906 

.. 1905 

.. 1904 
1 1903 
. . 32101 

2 
- 

.. 
I 
.. 
.. 
.. 
.. 
., 
.. 
., 
.. 
. ,  

L 

: i  " 

- 
$ 6  
z d  
" - 
. . . .  
. . . .  
. . . .  . . . .  . . . .  
. . . .  
. . . .  
1 .. 
1 1  
1 . *  

3 1  

. . . .  

" 

2 

1 

3 
1 

4 

3 
4 

.. 

.. 

.. 

.. 

18 

- 

CITY OF ST. THOMAS 

01  
1902 

. . . . . .  1912 

. . . . . .  14054 1911 

. . . . . .  1910 

. . . . . .  1909 

. . . . . .  1908 
. . . .  1 1907 

1 . . . .  1406 
. . . . . .  1905 
. . . . . .  1904 
. . . . . .  1903 
. . . . . .  11485 

County of Elgin 

. . . . . .  

1 . . . . . . . . . . . .  1 . . . .  
4 1 1 . . 2  . . . . . . . . . . .  
1 . . . . . . . .  1 . . . . . . . .  
2 . . . .  1 . . . .  1 

. . . . . . . . . . .  1 . . 3 . .  5 
1 . . . . . . . .  1 

3 . . . .  3 . . . . . . . . . . . .  
3 . . . .  1 . . . .  1 1  . . . .  
3 . . . .  1 . . . . .  1 1 .  .. 
5 1 1 1 . . 1  . . . . . .  1 
7 1 . . 3 2 1  . . . . . . . .  
3 . . . . . .  

L 2 1 3 2 3 4 1 1 5 4 3 7  



368 APPENDIX. 

TYPHOID F E V E R  STATISTICS, PROVINCE OF ONTARIO 
DEATHS  FROM  TYPHOID  FEVER  BY  YEARS  AND  BY  MONTHS, 1902-1912, INCLUSIVE 

COUNTY OF FRONTENAC 
Not  including  Kingston 

01 
1902 1769 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 1887 
1912 

k S 2  
z z :  "_ 
.. 1 1 
.. 1 .. 
1 . . . .  
2 . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
.1 2 .. 
.. 1 . I  

. . . . .  
"" 

4 5 :  

CITY O F  KINGSTON 
County of Frontenac 

. . . . . . . . . . . . . . . .  1 . . . . . .  1 
2 1 1 0  1 . .  1 1 . .  . . . . . .  2 18 
. . . . . . . . . . . .  1 2  . . . . . .  1 4  
. . 1 . . 1 . . 2 . . 1 . . 1 . . 2  7 
1 . . 1 2  . . . .  1 . . . .  1 . . 1  7 
. . . . . . . . . . . .  1 . . 2 . . 1 1  5 
. . . . . . . . . . . . . . . .  1 . . 3 2  6 
. . . . . . . .  1 1  . . . .  1 . . 1 2  6 
3 1 1 1  . . . .  2 . .   1 . . 4 3 1 5  
1 . . 2  . . . . . . . . . .  l . . l . .  5 
. . 1 1 1  . . . .  1 1 1  . . . . . .  6 

7 4 1 5  4 3 4 7 4 8 2 1 0 1 4  80 
- "" 

COUNTY OF ESSEX 
Not  including  Windsor 

01 
1902 46363 1 . . . . . . . . . . . .  1 1 1 1 .. 5 
1903 1 l . . . .  1 . .  1 1  1 1  2 2 11 
1904 1 1 3 . .  1 . . . .  2 1 2 . .   2 1 3  
1905 . . . .  1 . . . .  1 1 1 3 . .   1 2 1 0  
1Y06 1 2 . . 2 . .  1 . .  1 . . 3 3 1 1 4  
1907 2 2  . . . .  1 . . . . . .  2 . . . .  1 8  
1908 1 2 . .  1 I 1  1 . .  1 1  1 3  13 
1909 .. 2 2 3 1 2 . .  3 . . . .  3 . .  16 
1910 . . . .  1 . . . . . . . . . .  5 1 3 . .  10 
1911 49718 4 1 . . . .  1 1 . . . . . .  1 2 3 13 
1912 1 . . . .  1 . . . . . .  1 5 . .   6 4 1 8  

12 11 7  7 G G 3 10 19 10 22 18  131 
" " " " - - - - " - - - - " - 

- ___ ~ - ~ .  

CITY OF  WINDSOR 
County of Essex 

01 
1902  6081 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 5333 
1912 

COUNTY OF GREY 
Not  including Owen Sound - 

. . . .  1 1  . . . . . . . . . . . . . .  1 3  

. . 1 . . 1  . . . .  1 . . 2 1  . . . .  6 

. . . . . . . . . .  1 . . 3 1 1 . . 1  5 
1 . . 1 . .  1 . . . . . . . .  3 2 3 1 1  .. l . . . .  2 . . . .  1 1 1 . .  2  8 
. . . . . . . . . .  1 . . . . . . . .  1 . .  2 
. . . . . . . . . . . .  1 2 . . 2  . . . .  5, 
. . . . . . . . . . . . . . . .  1 2 1 . .  4 
. . . . . .  1 1 .  . . . . . . . .  1 . . 1  4 
. . . . . . . . . . . . . .  1 . . . .  1 . .  2 
. . . . . .  1 . . . . . . . . . . . . . . . .  1 

1 2 2 4 4 2 2 5 5 1 1 5 8 5 1  
_" 

TOWN OF OWEN  SOUND 
County of Grey 

01 
1902  8776 
1903 . . . . . . . . . . . . . . . . . . . . . .  
1904 . . . . . . . . . . . . . . . . . .  
1905 . . . .  2 . . , . . . . . .  2 . . . . . .  
1906 . . . . . . . . . . . . . .  
1907 .. . . . . . . . . . .  1 1 . .  
1908 .. : : I  :: . . . . . . . .  1 .. 1 .. 
1909 . . . . . . . . . . . . . . . .  
1910 . . . . . . . . . . . . . . . . . . . .  
I911 12558 .. 1 1 . . . . . . . . . . . . . . . .  
1912 . . . . . . . . . . . . . . . . . .  

____ 

. . . . . . . . . . . .  1 .. 1 . . . .  ..I 2 

. . I  1 .. 

I 71 41 34 11 
4 .. . . . .  4 l o  
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TYPHOID  FEVER  STATISTICS,   PROVINCE  OF  ONTARIO 
DEATHS  FROM  TYPHOID  FEVER  BY  YEARS  AND  BY  MONTHS, 1902-1912, INCLUSIVE 

COUNTY OF HALDIMAND 

01 
1902 

.. 191 2 

. . 5309 1911 

.. 1910 

.. 1909 

.. 1908 

.. 1907 

.. 1906 

.. 1905 

.. 1904 

.. 1903 

. . 6559 

- 
.. 

2 g $ g ""_ 

. . . .  

I .. 6 2 . . . .  
1 . .  . . . . . . . .  

. . . . . . . .  1 .. 
.. 2 . . . .  1 1 

. . . .  1 1  

. . . .  2 1  . . . .  

. . . . . .  2 . . . .  

. . . . . . . .  1 . .  

. . . . . .  1 . . . .  
1 2  5 1 1  4 3 

. . . . . . . . . . . .  

. . . . . . . . . . . .  
- - - - - " - - - 

COUNTY OF HALIBURTON 

. . . .  

.. 7 

. . . .  

. . . .  

. . . .  

. . . .  
3 .. 
. . . .  
. . . .  
. . . .  
. . . .  

". 
3 1  

. . . . . .  
1 . . . .  
.. 1 .. 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
" "_ " 
1 1 .. 

. . . . . .  
1 
. . . .  

. . . .  
I 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . .  
2 .. 1 

1 "_ ! 

! 
" 

COUNTY OF HALTON 
__-__- 

01 
1902 

1904 
. . . . . .  . . . .  1903 

. . . . . . . . . . . .  19545 
2 

1905 
. . 2  

1906 . . . . . . . . . . . .  
1907 . . . . . . . . . . . .  
1908 .. . . . . . . . .  
1909 

1 

1910 
1911 22208 

1 

1912 .. 1 .. 1 1 3 

.. 1 3 1 1 1  

. . . . . . . .  
. . . . . . . . . . . .  

. . . .  . . . . . .  1 

.. . . . . . . . .  

. . . . . . . . . . . .  
- - - - - " - 

. . . . . .  

. . . . . .  

. . . . . .  
1 , i  .. 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
1 . . . .  

- 
I '  
I 

- 
3 

d 
Y 

;r - 
3 
5 
1 
3 

11 
1 
4 
4 
7 
1 
3 

43 
- 

- 

- 

.. 
3 
2 
1 
.. 
.. 
3 
.. 
.. 
.. 
1 

10 
- 

. . . . . . . . . .  

1 . . . .  1 . . . . . .  
4 1 1 2 . . . . . .  
3 . . . . . . . .  1 .. 
3 1 . .  . . . . . . . .  

1 1  

. . l . . I  . . . .  3 

. . . .  1 1  . . . .  3 

. . . .  
4 . . . . . . . . . . . .  
3 .. 1 1 1 . . . .  
4 .. 1 1 I 

. . 2 3 7 4 3 3 0  

. . . . . . . . . .  1 1 

" 

COUNTY OF HURON 

1902 618201 . . 
1903 . . I  . . . .  
1904 . . . .  
1905 . . . .  
1906 . . . .  
1907 2 .. 
1908 . . . .  
1909 .. 1 
1910 2 1  
1911 52983 . . . .  
1912 . . . .  

4 2  
" 4- 

COUNTY OF HASTINGS 
Not  including Belleville 

01 
1902 

1904 
. . . . . . . . . . . .  1903 

. . . .  1 . . . . . .  1 50174 
1 

1905 . . . . . . . .  1 1 . 1 .  
1906 1 1  . . . . . . . . . .  
1907 

l . . ] . . . . . .  .. 1912 
2 .. 1 1 . . . . . .  45927 1911 

. . . . . . . .  1 . . . .  1910 

. . . . . . . .  1 1 2  1909 
. . . . . . . . . .  1 .. 1908 

. . . .  3 1  . . . . . .  

4 4 3 5 5 . .  3 

' 1 . .  .. 1 . .  . . . .  

01 
1902 
1903 

9117 

1904 
1905 
1906 
1907 

1909 
1908 

191 0 

1912 
9876 1911 

c 

. . . . . .  

8 .. 2 2 . . . .  
7 . . 1 1 3 1  
6 1 1 . . . . . .  
8 1 .. 2 3 .. 
1 1 1 1 . . . .  
3 . . . . . .  . . I  
3 . .  1 I . . . .  
3 1 . .  

1 1  2 . .  1 6 

.. 1 .. I .. 4 

1 591 5  10 10 9 

.. 7 . . . . .  2 , 1  

CITY OF BELLEVILLE 
County of Hastings 

.. 

I . . . . . . . . . . . . . .  
. . . . . .  1 . . . . . . . .  

. . . .  I . . ]  . . . . . .  
. . . . . . . . . . . .  1 

2 2  . . . .  1 1  . . . .  
. . . . . . . . . . . .  1 1  
. . . . . . . . . .  

. . . . . .  I . . . . . . . .  
I .. 1 

2 .. I . . . . . . . . . .  

4 3 1 1 3 3 1 3  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  
" - -_ - - " - " -_ 

". 

1 1 2 . .  

I . . . . . . . .  
3 . . . .  1 .. 
5 

. . .  l . . . .  2 
2 2 1 3  8 
.. 

4 . . . .  1 .. 
2 .. 2 . . . .  
5 2 . .  1 1  
4 . . . .  1  1 
7 . . 2 2 1  
8 .. 1 1 

1 49 
4,  

10 11 5 
I 
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TYPHOID FEVER STATISTICS,  PROVINCE OF ONTARIO 
DEATHS  FROM  TYPHOID  FEVER BY YEARS  AND BY MONTHS, 1902-1912, INCLUSIVE 

. 
" 

COUNTY OF  LANARK 
Not including  Smith's  Falls 

COUNTY OF MANITOULIN 

8 ,  

. -. 

. -. 

' C  3 2.2 
b+ E 5  - 

1902 
1903 
1904 
1905 
190G 
1907 
1908 
1909 
1910 
191 1 
1912 

rn .e 

2 : ;  
h h Z  

" -.- " 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . .  1 

. . . . . .  

4 
'* 6 G z < ;  a, 

-_ " " 

. . . . . .  . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
._ -. . .- -. . 
. . . . . .  
" 

+ji d 

5 ; ;  
" I - - ." 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  .. 1 1 
1 . . . .  
. . . . . .  
- - " 
1 1 1  

h & X  
$ . $ $  
- "- - " 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
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COUNTY OF  MIDDLESEX  TOWN OF COBALT 
Not  including  London  County of Nipissing 

01 
1902 54721 . . . .  1 .. 
1903 . . . . . .  
1904 
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1095 
1 .. I .. 
1 1 .. 1 

1906 
1907 

.. 1 1 .. 
3 1 1 .. 

1908 . . . . . .  1 
1909 .. 1 2 1 
1910 . . . .  .. 
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1902 37981 
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. . . .  
1 1  
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1908 . . . . . .  
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1911 5638 . . . . . .  
1912 . . . . . .  

3 ." 2 % ;  
4 z s  
" - -_ 
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1 2  1 1  4 . .  2 13 
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. . . .  2 1 .. 2 1 7 
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2  3 13 7 13 12 9 67 
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1 2 1 . . . .  8 
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. . 2  . . . . . .  2 
1 3  2 1 . .  7 
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.. 1 .. 1 1 3 
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- ~ _ _ _ _ _  

COUNTY OF ONTARIO I 
Not including Oshawa 

TOWN OF OSHAWA 
County of Ontario 

1902 4421 
1903 
1904 
1906 
1906 
1907 

1909 
1910 
1911 7431 
1912 

1908 

1 ..  .. 
1 1 .. 
.. .. .. 
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4 1 .. 1 .. 1 .. 
3 1 1 . .  . . . . . .  
4 . . . .  2 2  . . . .  

1 3  . . . .  1 . . . .  
1 3  . . . .  1 

1 1 ..  .. 1 .. 3 
. . . .  

2 . . . .  1 . . . . . .  
2 1 . . 1 . .  

1 .. 1 .. .. 2 4 
. . . . . .  1 1 . .  3 

2 2 6 8 4 5 3 3  
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COUNTY OF PARRY  SOUND 

1902 24931 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 2654' 
1912 

COUNTY  OF  NORFOLK 

01 
1902 

I . . . . . . . . . . . . . .  1910 
. . . .  1 . . . . . .  1 1  1909 

1 1 .. .. 1 2 .. 1 1908 
. . . . . . . . . .  1 . . . .  1907 

1 1 . . 1 . . . . . . . .  1906 
1 . .  . . . . . . . .  . . I  1905 

1 . . . . . . . . . .  . . 2  1904 
1 . .  1 . . 1 . . . . . .  1903 

. . . . . . . . . . 2 . . 1 29147 
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. . . . . . . . . . . . . .  
6 1 5  1 . .  7  4 6 

2 
- - - - - -. - - - " 
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7 .. .. 2 3 
7 .. .. 1 3 

2 2 4 2 1 1  
6 .. .. 1 2 

13 .. 2 3 2 
1 . . . . . . . .  
8 1 1 . .  3 
4 .. .. .. 2 
9 1 1 . .  4 
4 .. .. .. 1 
4 .. .. .. 

23 11 8 2 74 



COUNTY OF" BRUCE 

COUNTY  OF PEEL 
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io1 I : I 

1 21476 . . j  . . . .  
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COUNTY OF  PERTH 
Not  including  Stratford 

. ~~~~ ~_____ 

1!)1)8 :MI12 .. 2 .. 1 .. 
190; . . . . . .  
1 9 0 4 

. . I  

1905 . . . . . . . . . .  
1!lOG . . . .  . . . .  
1!)05 

1 

t90s . . . . . . . .  
1909 

1 

191 0 . . . .  . . . .  
1911 36236 . . . . . .  1 .. 

1 

1912 . . . . . . . .  1 

1 3 2 2 1  
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". "_____ ~ "" 
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. . . .  1 . . . .  1 . .  3 

. . . . . .  1 . . . . . .  1 

. . . .  1 . . . .  2 . .  4 

1 1 2 1 6 
1 1 
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. . . .  1 . . 1 2 . .  5 

1 2 7 2 10 12 1 4.1 

1 2 .. 1 j( 2 .. 8 

. . . . . . . .  41 1 .. 5 
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- 

CO'JNTY OF PETERBOROUOH 
Not inciuding  Feterboro' 

CITY OF  PETERBOROUGH 
Countv of Pcterboioueh 

~ ~~~~ ._______ 
01 ' 1 I 

1902 11230 . . '  J .. 1 .. 
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2905 
1 . .  
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I 1 
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~- 

DISTRICT OF S U ~ B U R Y  COUNTIES OF  PRESCOTT  AND  RUSSELL 
Not  including  Hawkesbury 

b . 8 ,  h $ g S s 6 d  d 

5 ; : z ; g g ; z  

. . 3  

9 3 .. 1 2 1 .. 1 .. 
8 1 . . 2  . . . .  1 . . . .  
7 . . . .  2 . . . .  1 . . . .  

13 . . . .  1 4  6 2  . . . .  
8 1 . . 1  . . . . . .  

1 . . . .  3 1  . . . .  4 1 2  
2 I 

7 1 1 . .  . . . . . . . .  3 
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i 6 8 11 8 8 16 1 16 108 
- 

' E :  i 
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1 1 . . . .  
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COUNTY OF SIMCOE TOWN O F  HAWKESBURY / I  
County of Prescott I I  Not  including  Barrie,  Collingwood, Orillia 
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1912 

42% 

01 
1902 

5 1 . . 2  1 . . 1 -  I912 
10 I . .  1 1  4 2 . . . . . .  1 F4805 1911 
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TOWN  OF  COLLINGWOOD 
County of Simcoe 

" 

. -  I 

z 3 g y;Y " " " " - 

.. 

1 * .  : : I  ..! .. 
. . . . . .  

11 .. .. 1 .. 
. . . . . . . . . .  
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4 . . . . . . . .  
. . . . . . . . . .  
. . . . . . . .  

. . . . . .  . . 2  
1 .. 1 I .. 
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2 4 3 1 3  
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9 1 

. . . . . .  
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TOWN OF ORILLIA 
County of Simcoe 

1902 .. ~ 

3914 . . . . . . . . . . . .  
1903 . . . . . .  . . . . . . . . . . . . . .  
1904 

1 . . . . . . . . . . . .  . . . . . .  1905 
1 . . . . . .  1 . . . .  . . . . . .  

1907 
1 1 

1909 . . . . . .  2 . . 4 1  7 
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COUNTY  OF  RENFREW 

Not inclnding  Arnprior,  Pembroke __ 
01 

1902 6 1 . . 1 1 . .  
1903 

1 . . 2 .., . . . .  43410 
5 1 1 . .  1 . .  
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1 , 2 1  1' . . . .  1 . .  1 2 1 3 1 3  
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01 
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1907 . . . . . . . . . .  1 1  . . . . . .  1 . .  3 
1908 
1909 
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1910 . . . . . . . . . .  . . . .  . . . . . .  
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1902 
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COUNTIES OF STORMONT, DUNDAS  AND 
GLENGARRY 

Not including Cornwall 

" 

01 
1902 62226 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 57601 
1912 

" 
R h  
" 

.. 1 
1 1  
. . . .  
. . . .  
1 .. 
.. 2 

.. 1 

.. 1 
1 .. 
3 6  

. . . .  

. . . .  

" - 

TOWN OF CORNWALL 
County of Stormont 

01 
1902 

4 . . . . . . . .  2 . . . . . . . .  . . I 1  1912 
3 1 .. 1 . . . . . .  1 . . . . . . . . . .  6598 1911 
4 . . . . . . . . . . . . . .  1 1  . . . .  2 1910 
4 1 2 . .  . . . . . . . . . . . . . .  . . I  1909 
7 3 . .  . . . . . . . . . . . . . .  2 1 1  1908 

1 5  . . . . . . . . . . . . . .  1 3 1 1  1907 
6 1 . . 2 1  . . . .  1 . . . .  1 . . . .  1906 
2 1 . . 1 . . . . . . . .  . . . . . . . . . .  1905 
3 1 . . 1 1 . . . . . .  . . . . . . . . . .  1904 
2 . . . .  1 . . . . . . . . . . . . . . . .  1 1903 
4 . . . . . .  1 1 . . . . . . . . . .  2 .. 6704 

6 6 4 2 1 4 0 5 3 3 7 3 4 4  

COUNTY OF  VICTORIA 
Not including  Lindsay 

01 
1902 

. . . . . .  2 . . . .  1908 

. . . . . . . . . .  1 1907 

. . . . . . . .  1 . .  1906 

. . . . . . . . . . . .  1905 
1 . . . . . . . . . .  1904 
1 . . . . . . . . . .  1903 
1 .. 1 1 . . . .  24949 

1909 
1910 

.. ../ . . . . . . . .  1912 

1 . . . . . . . . . .  
1911 . . . . . . . .  .. ..I . . . . . . . .  1 .. 24226 

25 

TOWN OF LINDSAY 
County of Victoria 

-"" 
01 

1902 
1903 

. . . . . .  7003 

1908 
. . . .  1907 

. . . . . .  1906 

. . . . . .  1905 

. . . . . .  1904 

. . . . . .  

1 

1909 . . . . . .  
1910 . . . .  
1911 6964 

1 

1912 . . . . . .  
I .. 1 

. . . . . .  

. . . . . .  
"- 

- - 
.e 

1 
_. 

., 

., .. 

.. 

.. 
,. 
.. 
.. 
.. .. 
.. 
" 

.. 
- 

COUNTY OF WATERLOO 
Not including  Berlin, Galt 

01 
1902 

4 . . . .  1 2  . . . .  1 . . . . . . . . . .  1912 
3 . . . .  1 .. 1 .. 1 . . . . . . . . . .  36112 1911 
4 . . . . . . . .  1 1 . , 1 . . 1 . . . .  1910 
3 I . .  . . . .  1 . . . . . .  1 . . . . . .  1909 
6 1 2 1  1 1 . .  . . . . . . . . . . . .  1908 
6 .. 1 . .   1 . .  1 1 . .  1 . .  I . .  1907 

12 2 1 3 1 . .   2 . .   1 2 . .  . . . .  1906 
6 3 . .  l . . . .  . . . . . . . . . .  1 1  1905 
7 1 1 . .  I . .  . . .  1 1 1 1 .  .. 1904 
2 . . . .  1 . . . .  1 . . . . . . . . . . . .  1903 
3 . . . . . .  2 1 . . . . . . . . . . . . . .  34796 

3  2 4 4 3  5 2 1 0   4 1 0  8 1 5 6  
"_ 

CITY OF BERLIN 
Countv of Waterloo 

01 
1902 

., 1 1912 
. . . .  15196 1911 
. . . .  1910 
. . . .  1909 
. . . .  1908 
. . . .  1907 

.. 1 1906 
. . . .  1905 
. . . .  1904 
. . . .  1903 
. . . .  9747 

2 ., 
" 
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TOWN  OF GALT 
County of Waterloo 

TOWN O F  WELLAND 
County of Welland 

CITY OF NIAGARA FALLS 
County of Welland 

""~-I_ _____ 
01 

1902 

1904 
. . . . . . . . . . . . . . . . . . . . . . . .  1903 

0 . . . . . . . . . . . . . . . . . . . . . . . .  5702 
0 

. . . . . . . . . . . .  1 . . . . . . . . . .  1 
1905 
1906 

0 

1907 
1 1 1  3 
1 I . . . .  . . . . . . . . . . . . . .  I 3 

1908 . . 2 1 1 2  . . . . . . . . . . . . . .  6 
1909 2 

1 . . . . . . . .  .. 1 1  . . . .  4 1912 
8 1 . . . . . .  2 .. 1 3 .. I . . . .  9248  1911 
5 . . . . . . . . . .  2 1  . . . .  2 . . . .  191 0 
2 . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  

" - -___ 

COUNTY OF WELLAND COUNTY OF WELLINGTON 
Not  including  Niagara  Falls,  Welland Not  including Guelph 

01 
-_____ 

I 
_________.~__"______ 

01 
1902 

1906 
1904 3 . . . .  1 . . . .  I . . . . . . . . . .  1 1904 

G . . . .  2 . . . .  .. . . . . . .  2 1903 4 .. 1 . . . .  1 1 .. 1 1903 
I3 1 1 .. 1 2 1 1 2 1 1 1 44150 1902 5 1 . . . .  1 . . . . . . . .  1 . .  1 I 24023 

2 1 1 . . 1  ( 5  
. . . . . . . . . . . . . .  1 1 I . . . .  

2 4 1 1 1 0  . . . . . . . .  1906 7 .. 2 2 1 . . . . . .  1 1 . . . .  .. 1906 
7 1 4 1 . .  I . . . . . .  1905 3 

1907 . . 2  . . . . . . . .  1 2 . . 1 . . 1  7  1907 . . . . . . . . . . . .  
1908 2 1 . . . . . . . .  
1909 

1908 6 .. 1 1 . . . .  1 2 1 3 2 1 1 1 0  
. . . . . . . . . . . . . . . .  1 1 . . . .  2 1909 1 . . . . . . . . . . . . . .  2 1 3 1  (i 

1910 . . . . . . . . . . . . . . . . . .  1 1 .. 7 2 2 1 . .  . . . .  1 1  . . . . . . . .  1910 2 
1911 27597 . . . . . .  1 . . . . . . . .  1 . . . . . .  2 1911  39317 . . . .  1 1 .. 1 .. 1 3 

.. 1712 4 .. 2 1 . . . . . . . .  1 . . . . . . . .  1912 
8 1 . . . .  

2 1 2  5 I . . . . . .  
. . . . . . . . . . . .  

" 

. . , . . . . . . . . . . . . . . . .  
..,..,I 

__ I " " - " - - " " " " 

4 4 1 2 $ . . 4 4 5 ! 1 7 2 4 5  
" __ " " " " " " " " " " " 

5 6, 3 4 3 79 6 G 16 16 F 3 5 
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. . . .  
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3 8  
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1 .. 
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. . . .  
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3 '  

"c. 2 ,h 
2 2 2  
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. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
* .  1 .. 
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
" " " 

j >  

5 ;  
" " 

. . . .  
1 1  
. . . .  
. . . .  
. . . .  
. . . .  
1 .. 
. . . .  
. . . .  
1 1  
. . . .  
-_ " 

3 1  

- " " " 
01 

1902 11496 . . . .  
1903 . . . .  
1!J04 . . . .  
I905 . . . .  
1906 . . . .  
1907 . . . .  
1908 . . . .  
1909 
1910 

. .  1 

l!J11  15175 . . . .  
1')lZ . . . .  

. . . .  

" " 

. -  

I 

COUNTY OF WENTWORTH 
Not including  Hamilton 

COUNTY OF YORK 
Not  including Toronto, North and  West  Toronto 

101 
SI 1902 63761 

1903 
1904 
1905 
190F 
1907 
1908 
1909 
1910 
1911 62061 
1912 

1902 2G81 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
191 0 
1911 2967 
1912 

1 
. . . .  
. . . .  .. 
2 2 . . . .  1 . . . .  2 .. 
. . . . . .  3 . . . . . . . .  
. . . . . . . . . . . . . . . . . .  
" " " " " " - 

i 
71 

I "" 

CITY OF HAMILTON 
County of Wentworth 

CITY OF TORONTO 
County of York 

01 
1902 52634 . . . . . .  # I . . . .  1 2 1 1 1 3 10 
1903 . . . . . . . . . . . . . .  1 . . 2 . . 1  4 
1904 . . 1 . . 2 1  . . . . . .  3 1 . . 1  9 
1905 1 1  1 . .  2 1 . .   1 . .  3  2 1 1 3  
1906 . . . .  1 . .  1 1 2 1 2 8 3 . .  19 
1907 . . . . . . . . . .  1 . . 1 2 2 . . 1  7 
1908 1 1  . . . . . . . .  2 1 3 4 1 . .  13 
1909 1 . .  1 . . . . . .  1 . .  3 . .   1 4 1 1  
1910 .. 2 . . . . . .  1 2 2 1  3 . . . .  11 
1911 81969 1 2 1 . . . .  2  3 .. 2  2  5 .. 18 
1912 1 . . . . . . . . . .  1 1 2 1 1 . .  7 

5 7  4 3 4 6 12  10  19 27 14 11 122 
"- 

01 
1902 208040 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
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1911 376538 

5  3 .. 2 1 .. 4 .. 4 2 3 (i 30 
4 3 4 3 1 3 1 1 2 7 5 4 3 8  
4 2 3 6 3 6 1 7 7 4 7 6 %  
7 2 3  4 1 1 1 0  4  2  4 3 . .  41 
1 5  7  3 1 . .  4 1 4 1 1   5 1 0  9 70 
3 7 5 2 4 4 2 3 8 9 8 3 5 8  
7 3 3 G 4 1 1 0 5 6 8 5 2 6 0  
3  3 5 1 1  8 3 6 3 1 1 1 2  5 9 77 

1 8  18 24 10 8 5  5 14 15 17 11 6 151 
5  4  5  2  5  4 2 1 4 1 1 1 5  6 9 82 
4 6 4 2 2 4 1 6 8 6 7 4 5 4  

61  56' 60  50  39 31 37  77 87  87 71  61 717 



380 APPENDIX. 

TYPHOID FEVER STATISTICS,  PROVINCE OF ONTARIO 
DEATHS FROM TYPHOID FEVER  BY  YEARS  AND BY MONTHS, 1902-1912 INCLUSIVE 

WEST TORONTO 
County of York 

01 
1902 
1903 

609- 

1904 
1905 
1906 
1907 
1908 

" 

I 
I 

" 

I 

- 

I 

d 
r, - 
.. 
.. 
I 

I 
.. 
., 
.. 

-. 
' 

I 
.e $ g $  &. 

"" 

.. 1 .. 
1 1 .. 
. . . . . .  
. . . . . .  .. 1 .. 
. . . . . .  

TOWN OF NORTH TORONTO 
Countv of York 

'01 ' I 1902 

.. 1912 

. . 5632 1911 

.. 1910 

.. 1909 
1908 
1907 

.. 1906 

.. 1905 

.. 1904 

.. 1903 
, . 862 

.. 

.. 

- 
.. 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . .  
1 . . . .  
1 

"" -_ 

TOWN OF STEELTON 
Countv of Aleoma 

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

.. . . . .  1 

. . . . . . . .  

. . . . . . . .  
1 

1 1 1 7  

I 1 .. 
"" 

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

.. 

3 2  

.. 3 

1 .. 
1 

. . . .  

. . . .  
-" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

. . . .  
1 1  
. . . .  
. . . .  
. . . .  
. . . .  
.. 

1 .. 
1 .. 
1 

.. 7 

1 11 

. . . .  
-" 

.. 

.. 

.. 

.. 
2 

2 
.. 
.. 
.. 
2 
1 
- 

7 



APPENDIX. 381 

DISPOSAL 0Fd:SEWAGE ON LAKE VESSELS 

(COPY.) 
DEPARTMENT OF STATE, WASHINGTON, 

November 3, 1913. 

The Honorable James A .  Tawney, Chairman, United 
States  Section,  International  Joint Commission, 
United States and Canada, Washington, D.C. 

SIR: 
Referring  to  the  letter of June 10 last  from  the 

Ilonorable  Frank X. Streeter,  then  a member of the 
.International  Joint Commission,  requesting that offi- 
cers of the  United  States  Public  Health Service at 
certain  ports on the  Great  Lakes be instructed  to 
c,ollect, for  the use of the Commission, data  in 
respect to  the  distribution of sewage from vessels 
engaged in  international traffic, I have the honor to  
enclose  copies of reports,  received from  the  Secretary 
of the  Treasury,  rendered by public health officers 
:I t  Buffalo and  other  cities  in  regard  to  the disposal 
o f  excreta  on Lake vessels. 

I have the  honor to  be, Sir, 
Your obedient  servant, 

For the  Secretary of State, 
(Signed) J. B.  MOORE, 

Counsellor. 
Enclosures : 
From  Treasury  Department, October 23, 1913. 
711.42155-238. 

Detroit. Mich.. M.H. 
TREASURY ‘DEPARTMENT. 

United  States  Public  Health Service, 
Office  of Medical Officer in Command 

Detroit,  Mich. July Y, 1913. 

To tk e Surgeon-General, U.S. Public  Bealth Service, 

SIR : 
Referring  to  Bureau  letter of the  30th  ultimo, 

requesting me to  obtain  information as to whether 
lake vessels carry  any  retaining devices for holding 
human excreta and  whether  the sewage outlet pipes 
discharge  directly  into  the  water, I have the honor 
to  state that  I am  informed, by the  Superintendent 
of The  Detroit & Cleveland line of steamers, who is 
familiar  with  the various  lines of passenger vessels 
on the  great lakes. that there  is  no device on  any  lake 

Washington D.C. 

vessels for  holding  human excreta, but  that  the same 
is  discharged  directly through  outlet pipes into  the 
water. 

Respectfully, 
(Signed) H. W. AUSTIN, 

Senior Surgeon. 
C. A.  C. 

(COPY- ) 
Chicago, Ill., M.N. 

TREASURY DEPARTMENT. 
Office  of Medical Officer in Command, United 

States  Public  Health  and  Marine-Hospital 
Service, Chicago, Ill.  July 4, 1913. 

GAM. 
The Surgeon-CTeneral, U,S. Public Health Service, 

SIR : 
Referring to Bureau  Letter  (CD-AHG-SEC) of 

June 30, 1913, relative  to  reporting  certain  informa- 
tion  concerning  the  handling of excreta  aboard ves- 
sels on  the  Great Lakes, I have the  honor to  suggest 
that  this  information  might  better be obtained 
through  the U. 8. Steamboat  Inspectors. 

All  lake vessels discharge  excreta  directly  into  the 
water. Drinking  water ,aboard  steamers  is  pumped 
into  tanks  through  the sea cock. 

All vessels comply  with the  regulations of the 
Steamboat  Inspectors,  and  the  handling of excreta 
is practically  the same  on all vessels. 

Washington, D.C. 

Respectfully, 
(Signed) J. 0; COBB. 

Surgeon, In  Charge. 

(COPY.) 
TREASURY DEPARTMENT. 

United  States  Public  Health Service, 
Buffalo,  N.Y.  September 11, 1913 

The Surgeon-General, U.S. Public Health Service, 

SIR : 
I have the  honor  to  report  that, as  directed by 

Bureau  Letter,  June 30, 1913 (AHG.,  JWK), 1 
have  communicated  with the Collector of Customs of 
the  Port of Buffalo, New York, and with the Owners 
and  Operators of steam vessels on the  Great Lakes 
at  this port,  and  the  reports  are  to  the effect that 
with 110 exceptions, vessels are  not provided  with 

Washington, D.C. 
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retaining device for human excreta, and also that  the 
sewage outlet pipes  discharge directly  into  the water. 

All correspondence is  herewith enclosed. 
Respectfully, 
(Signed) C. H. GARDNER, 

Surgeon. 
8 inclosures. 

( COPY. ) 
TREASURY  DEPARTMENT. 

United  States Customs Service, 
Port of Buffalo, N.Y. 

July 11, 1913. 

M r .  (1. 11. GardlLer, Surgeon, U .  S. P. €I. Service, 
Treasury Department, l h f f a l o ,  N.P. 

s 111. : 
I have your  lettcr of the  10th  instant, in regard 

to  infornlation for the use O F  the  Tnfernational  Joint 
Commission which is invcstigating  the polluton of 
intcalational nmters, and note the  paragraph quoted 
from  the  Ictter oC thc  Department of State,  as 

" rl ' l~c in Formation required is whether .Lake vessels 
c : ~ r ~ ' y  RTI; ,  rctainiq: dcvice for  holding Ilnnmn ex- 
(:r.cia. or whether the sewage outlet pipes of the ves- 
scls discharge directly  into  the water. It is desired 
to secure these data from ns many vcsscls as possible 
during  the period Erom July 1 to Octolm 1." 

I n  answer to  the above quotation I beg to inform 
you that  the sewagc of all vcsscls on the Lakes is 
discharged dircctly  into the ww.tcr.. a n t 1  beg to  give 
you the  names of a few of the  transportation com- 
panies  operating from this port, viz. : 

Western Transportation Company, 
Lchigh Vnllcy Transportation Company, 
Mutual Transit Company, 
Anchor Line Colrnpa,ny, 
Eric Rnilroatl Company, 
Detroit & Cleveland Navigation Company, 
Cleveland and Buffalo Navigation Company. 

m o r n s  : 

Respectfully, 
(Signed) FRRD. C. MURRAY, 

Collector of CzLsiorns. 

(Copy.) 
Buffalo, N.Y., Ju ly  31, 191 3. 

M r .  C. TI. Gardner, &urgeon, U. X. Marine  Hospital, 
I h f a 7 0 ,  N.Y. 

nlFAlt S I R  : 
I wish to  acknowledge receipt of your  letter of 

July 22nd asking For information relative to  the dis- 
posal of sewage from  the vessels operated by this 
Company. 

. ~ ~~ 

r i  l h e  sewage pipes on all  the  steamers owned and 
operated by this Company  discharge directly  into  the 
water. 

l h l s  season we have under  charter  the  steamer 
Minnetonka, and own and  operate  the following 
vessels : 

r 1  ' 

North  Star, Northern  Light, 
North Sea, North Wind, 
North Lake, Wm. C'astlc Rhodes, 
Nortllcrn K i q ; ,  11ur011, 
Northern Queen, M imeapolis, 
Northern Wave, st. l'aul. 

Yours very truly, 

(Signed) W. E. LLOYD, 
S'uperintencled, 

Mutua l  Transit Company. 

(c:opy.) 
File 855. 

July 24, 1913. 

N r .  Cy. H .  Gardner,  Surgeon in Charge, U .  X. Marine 
Uospital, Buffalo, N . P .  

DEAR  SIR: 
Your  letter of July 22nd is received concerning 

the  sanitary  equipment of our vessels, of which I 
give you a  list, as follows : 

George P. Brownell, P. D. Underwood, 
Omego, Delow W. Cooke, 
Tioga, Granville A. Eich:mlson. 
Binghamton, John J. AlcCullough. 

All of these vessels are  furnished with ordinary 
marine closets which discharge directly  into  the water. 
I n  this respect they  are  similar to all vessels on the 
laltes, without exception. 

Yourst  truly, 
(Signed) J. S. M A C T . . ~ ~ ,  

Superintendent, 
Brie IZailroatl . T d c e  Line. 

( COPY. 1 
382. Detroit, July 26, 1913. 

Dr. C. TI. Gardner, U. X. Marine  Hospital, Buffalo, 
N.Y. 

DEAR  SIR: 
Your favor of July 22nd to Mr. C. L. Perkins, 

General  Agent, a t  Buffalo, has been referred  to  this 



office, and  the following is a list of vessels operated 
on Great Lakes by this  Company: 

City of Detroit 111, Eastern  States, 
City of Cleveland 111, Western  States, 
City of Detroit 11, City of 'St. Ignacc, 
City of Alpena 11, City of Mackinac 11, 
City of the  Straits, State of New York. 

To  lmy knowledge none of our boats have retaining 
(leviw for holding hnn~an excreta, and the sewer 
outlet pipes  discharge direct  into  the water. 

I am pleased to say, however, that our rules  require 
all  toilets  to be locked and  remain locked, and have 
no sewage discharged from  the  time our boats leave 
the  month of Bu8alo River  until  they  are t w o  miles 
beyond the irltaltc pipe of  the RuRalo Water System. 

' This has been effective this  spring  upon request of 
the Buffalo Health  Department. 

Respectfully, 
DETROIT AND CLIcvIcJ,.tL\TI) NAVIGATIOX CO., 

(Signecl) 11. A. ScIt2kNT%, 
V .  P. and G. M .  

Buffalo, N.Y., July 30, 1913. 

Boston, 

Chicago, 
Dnluth, 
Milwaulrec. 

Unffdo, 
Mohawk, 
Rochestcr, 
Superior, 
Troy, 
TJtica. 

Yours very truly, 
(Signed) EDWJN T. DOUGLASS, 

General  Manager, 
Th c 1T'csfarn Transit Compnn?/.  

(COPY.) 
15727. New York, August 5 ,  1913. 

Mr. C. TI. Gardner, Surgeon in Charge, U .  S .  Marine 
Bospital,  Buffalo, N.Y. 

DEAR SIR: 
Your letter of July 22114 addressed  to the  Super- 

intentlent of the Lehigh Valley Transportation Com- 

pany, Buffalo, New York, has been referred  to me, 
the  subjectmatter being your  request  for  information 
concerning  the equipment, from a sanitary and 
hygienic point of view, of vessels plying on the  Great 
Lakes. 1 

I beg to  advise that  the sewage outlet pipes of 
this Company's equipment  on  the Lakes, and I under- 
stand  this  applies  as well to  the  ships of all  other  lines 
on the  chain of Lakes,  discharge directly  into  the 
water, no retaining devices being  provided. 

The  Lehigh Valley Transportation Company  oper- 
ates  the following  steel steamers  on  the  Great  Lakes: 

Tuscarora, 
Saranac, 
Seneca. 

Bethlehem, 
Wilkes-Barre, and 
Mauch Chunk. 

Yours very truly, 

(Signed) E. €I. BOLES, 
General  Solicitor, 

Lehigh Valley  Transportdtion Company. 

(COPY.) 
Cleveland, July 29th, 1913 

Dr. (7. T l .  Gardner, 1J. 8. Marinu? Ilospital ,  Buffalo, 
N.Y. 

DEAR SIR: 
Yours of July 22nd  addressed  to this Company at  

Buffalo has been referred to me. 

This Company  operates the following vessels OD 
the  Great  Lakes: 

Steamer " Seeandbee," 
Steamer " City of Buffalo," 
Steamer " City o f  Erie," 
Steamer " State o f  Ohio." 

With one exception-the steamer " State o f  Ohio '' 
"these boats are  all of modern  type for lake service, 
but  not  any of them arc provided with  any device for 
holding  human excreta. Outlet pipes  discharge 
directly  into  the lake. We are careful, however, that 
this  is  not done while entering or clearing  the various 
ports. 

Yours very truly, 

(Signed) T. B. NEWMAN, 

The Cleveland  and Buffalo Transit Go. 
General  Manager, 
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(COPY.) 
Pile 2138. 

Buffalo, N.Y., July 24, 1913. 
Mr. C. €1. Gardner,  #urgeon in Charge, U. 8. Marine 

DEAR SIR: 

a list of steamers owned, by this Comn~pany : 

Hospital, Buffalo, N.Y. 

In reply to  yours of the  22nd  inst, we give below 

Octorara, Delaware, 
Juniata, Muncy, 
Tionesta, Codorus, 
Allegheny, Mahoning, 
Conemaugh, Schuylkill, 
Wissahickon, Susquehanna. 
In addition  to  the above we have chartered  the 

steamer  Minnekahta for the season 1913. 
Not one of these steamers is equipped with  any 

retaining device for holding  human excreta. The 
sewage outlet pipes  discharge directly  into  the water. 

Yours truly, 
(Signed) J. C. EVANS, 

Vice-Pres. and  C-en7 Ngr., 
The Erie and Western Transportation CO. 

(COPY.) 
TREASURY DEPARTMENT. 

United  States  Public  Health Service. 

Cleveland, Ohio, September 30, 1913. 
&urgeon-General, U .  S.  Public I€ealth.Service, Wash- 

Sru: , 

I have the honor to  report  that  through  the Office 
of the Collector of Customs of this city, letters were 
addressed  to the owners or managers of vessels of 
United  States  and  Canadian  registry  entering  the 
port of Cleveland, asking  whether these vessels carry 
any  retaining devices for holding  human excreta, or 
whether  the  sewage outlet pipes  discharge directly 
into  the water. 

The following list comprises the  names of the own- 
ers  and  managers who have replied. They have 
stated  the nalme and  number of vessels in  their respec- 
tive fleets, and  all have stated,  with exceptions  noted, 
that  their vessels have no especial retaining  tank for 
the reception .of human excrement, and  that  the dis- 
charge pipes Icad overboard. 

Office of Medical Officer in Command, 

ington, D.C. 

Owners  or  Agents.  Vessels of No. of Vessels in 
U. 8 .  Registry. Fleet. 

Mathcws Stearnship  Company. . .  5 steamers. 
Pennland  Steamship Co. . . . . . .  1 steamship. 

Owners  or  Agents. VesseLs of NO. of Vessels in 
U. S. Registry. Fleet. 

Vulcan  Steamship Co. ........ 1 steamship. 

Steamship Co. ............ .19 steamships. 
Cleveland-Buffalo Transit Co. ... 4 passenger steam- 

Cleveland Steamship  and Buffalo 

ships. 

1 barge. 
Aro Steamship Co. . . . . . . . . . . .  2 steamships  and 

A. E. Williams . . . . . . . . . . . . . .  1 steamship. 
Steamer Penobscot . . . . . . . . . . .  1 steamship. 
Pickand-Mather Company . . . .  .39 steamships. 

W. A. & H. Hawgood ......... 8 steamships. 
Brown Steamship Co. ......... 1 steamship. 
The  Kinsman  Transit Co. ..... 6 steamships. 

The  Central  National  Bank .... 3 steamships. 

Lake  Shore  Sand  and Gravel Co.. 1 tug. 

W. C. Richardson & Co. ....... 9 steamships  and 
1 barge. 

(No definite report 
on sanitary  appli- 

ances.) 
Henry Brock ................ 1 vessel. 

Steamship Omega ............ 1 steamship. 
Corrigan-McKinney Co. . . . . . .  4 steamships. 

North American Steamship Co.. 6 steamships. 
Pennsylvania  Ontario  Trans. Co.. 1 steamship. 

Shenango  Steamship  and  Tran- 

M. D. Olds .................. 1 steamship. 
sit Co. .................... 5 steamships. 

Postal  Steamship Company .... 3  steamships. 
(Vessels stated  to 
be equipped  with 
modern devices for 
caring  for sew- 
age. ) 

Wilson Transit Co. ........... 9 steamships. 

Pittsburg Coal Co. ........... 3 lighters. 

M. A. Hanna Company ....... .17' steamships  and 
j 3  barges 

Pringle  Barge  Line .......... 1 stealmship and 4 

Valley Steamship Co. ........ .13 steamships and 
barges. 

1 tug. 
Geo. A. Collings ............. 1 steamship. 
Cleveland Cliffs Iron Co. ...... 4 steamships. 
American  Construction Co. . . . .  - bcrges. 
Jenkins  Steamship Co. ........ 4 steamships. 

The  Breakwater Co. . . . . . . . .  2 tugs. 
Reger & Werner  Fish Co. ...... 2 tugs. 
Ramley Fish Co. ............. 7 small  tugs. 
Kinney  Steamship Co. . . . . . . . .  5 steamships. 
Casey Fish Co. ............... 2 steamships. 
Steamer H. I). Coffinbury, and 

Sc. C. B. Jones ............ 2 vessels. 
Pelee  Island  Sand & Gravel Co. 1 steamship. 

M. A. Bradley .............. 1 steamship. 
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Owners or Agents. Vessels of 
Canadian Register. 

The St. Lawrence & Chicago 
Steam N,avigation Co., Ltd,. .. 

Thomas  Marks & Co. ......... 
The Calvin Co., Ltd. . . . . . . . . . .  

No. of Vessels in 
Fleet. 

5 steamships. 
4 stcamships. 
3 steamships  and 

3 barges. 
The Farran Transportatiou Go., 

Ltd. ...................... 2 steamships. 
W. & D. Transportation Co. . . . .  2 steamships. 
Canal Towing  and  Wrecking Co.. I barge. 
Imperial  Oil Company . . . . . . . .  4 steamships. 
W. E. Chapman,  Lake Tpnspor- rl 

tation .................... 1 barge. 

This  list comprises the  majority of vessels entering 
the  port of Cleveland. It is known, however, that 
several  companies have not as yet replied.  Any ad- 
ditional  information  from  them will be forwarded as 
soon as received. 

Respectfully, 
(Signed) C. W. WILLE, 

ESM. Surgeon. 

SUPPLEMENTAL  REPORT ON THE DISPOSAL O F  SEWAGE  ON  VESSELS FOR USE OF THE 
LNTERNATIONAL JOINT COMMISSION 

(COPY.) TREASURY DEPARranrNT. ( COPY. ) 
United  States  Public  Health Service,, Northern  Navigation Company,, Ltd., 

Sarnia,  Ontario, Nov. 2lst, 1913. 

Cleveland, Ohio, October 1% 1913. Dr. John W .  S. McCullough, Chief Oficer, Provin- 

Cleveland, Ohio. 
Office  of Medical Officer in Command, 

Surgeon-General, U .  X. Public Health Service, W a s h -  

SIR : I n  reply to your favor of 14th inst., I beg to say 

received subsequently  to the  date of my former  report.  the collection of sewage, it going directly  to  the 
These vessels a t  solme time or other have entered  the water. 
port of Cleveland.  None of them  are equipped  with 
special tanks for the collection of human excrement, 
and  in  all of them sewage pipes  discharge  directly P. PATON, 

cia1 Board of IIealth, Toronto, Ont. 
ington, D.G. DEAR SIR: 

The is a list Of of u* s. Registr? none of our steamers haye any  tank  arrangement  for 

' Yours  truly, 

overboard. 
0w:ners or Agents. Ve'sse1,s of No. of Ves'sels in 

U. IS. Registry. Fleet. 
Hutchinson & Co. . . . . . . . . . . .  .12 steamships. 
American  Ship  Building Co. ... 1 steamship. 
New York  Central  Lines . . . . . .  1 steamship. 
Lake  Erie  Transportation Co.. .. 1 steamship. 
The Moore Steamship Co. ..... 1 steamship. 
City of Cleveland . . . . . . . . . . . .  1 steamship. 

Respectfully, 
(Signed) C. W. WILLE, 

Surgeon. 

SCOPE  AND  TECHNIQUE OF EXAMINATION 

Manager. 

Samples were taken  in wide-mouth glass-stoppered sary in some instances, it was deemed wise to make 
bottles which had been wrapped in  paper  and  steril- no exceptions and to use ice in  transporting samples 
ized  by dry heat  at a temperature of not less than even when the  time of transit to the  laboratory was 
160' C. for one hour.  Samples were immediately less than two hours. 
placed in  containers  and  surrounded by  ice. Al- At a conference in  Detroit, it was agreed  to use 
though  icing of the kample may have been unneces- the  presumptive  test for B. Coli in lactose bile, and, 





386 APPENDIX. 

where possible, confirmation tests on Endo plates. 
By the use of Endo  plates  the  American  laboratories 
were able  to show that  the  index of error  using bile 
media  alonc is small  in  the  Great Lakes, and  that 
the procedure in  the  Ontario  laboratories o f  record- 
ing B. Coli from  gas  production  in lactose bile was 
safe  and  satisfactory so far as the  Great Lakes  water 
was concerned. 

Expericnce on the  St.  John River,* however, 
shows that  until  something  is known of the flora in 
the  water of a given stream it is  unsafe to  depend 
upon the  presumptive  test alone. 

I n  addition, it was agreed to make  a count of  the 
total  bacteria on  agar  at 37" C., and whenever pos- 
sible on  agar  at 22" C. 

It was agreed that  the B. Coli content should be 
estimated by making  dilutions  and  planting  in lac- 
tose bilc such quantities  as 50 e.~. ,  25 c.c., 10 c.c., 
1. c.c., .1 c.c., . O 1  c.c., and .001 c.c., or as  many of 
these as necessary to show both  a  positive and a  nega- 
tive rcsult.  The inocnlated  lactose  bile fermentation 
tubes were incubated  for 48 hours a t  37" C. The 
bacterial count was an  actual  count of the  entire 
plate,  such dilutions being  made as to give not more 
than 200 colonies per plate. The  mmbination of 
gas  in lactose bile and a colon-like colony on the Endo 
plate, for the purposes of this  examination were 
recorded mith  a 4- sign. Thc media used and tech- 
niquc of examination was according  to  the  standard 
methods of the  American  Public  Realth Association 
(Second  Edition, 191%). 

METHODS AND APPARATUS. 

In  a work of such magnitude  large  incubators were 
necessary. Modified or adapted chicken incubators 
costing  about $38.00 were used. They were satis- 
factory for field work, and a saving of about $200 
per incubator was effected. Their weight-about 
175 pounds-and bulk, however, made them some- 
what  unwieldy in several instances where it was 
necessary to  take  them  up  flights of stairs  to labora- 
tory quarters. 

Control of temperature  in  the Z Z o  C. incubator 
was managed by inserting  at  the  top a  galvanized 
iron  tray  upon which was placed a coil of $+inch 
hose. Water  from  the  tap was circulated  through 

*See ADpendix, p. 387, re Fermentation of Lactose Bile 
by an  Anaeroblic Organism. 

this to  maintain  the  required  temperature. In some 
'instances, as  at  Port  Arthur, where the  water was 
cold, it was necessary to keep a light  burning  to  main- 
tain  the  proper  tamperature,  but  at  other points, 
where the water was practically at  the desired degree, 
the  temperature was maintained  without  any  light 
whatever. Usually  the 22" C. incubator was of a 
temperature lower than  that of the room. It may 
be said that  this scheme will almost  invariably work 
satisfactorily where water of a temperature  not 
higher  than 22*" C. can be obtained. I n  economy 
of space and convenience in  handling it was found 
that  the  Durham  tube was much better  than  the 
Smith  tube  for  the  fermentation tests. 

Several types of deep sampling  apparatus were 
used. The  American laboratories used the follow- 
ing: A wooden bottle holder  with strong clamps for 
holding  the  sample  bottle was equipped with a heavy 
weight and  stout rope. This was sunk to the required 
depth by the rope. The glass stopper could be 
drawn  out one-half inch, penmitting  the  bottle  to 
fill, by pulling on a  smaller rope. The  apparatus 
for  raising  the  stopper consisted of two prongs fit- 
ting  under  the flange of the  stopper  attached  to a 
brass rod running  perpcndicularly  in a groove on the 
bottlc holder. The rod was raised by a pull on the 
smaller rope, and a spring reseated the  bottle stopper. 
The  ground-glass  stopper  ordinarily seated itself one 
inch  in  the wide mouth of the bottle. A " stop " on 
the brass rod prevented raising  the stopper  more than 
one-half inch, so that whilc ample room for filling 
the bottle was provided, the  stopper could not leave 
the  bottle  and by reason of the  spring  must reseat 
itself upon releasing the  small rope. 

The laboratories of the  Ontado  Provincial Board 
of Health used an  apparatus  that would work in con- 
nection with  Dumas bulbs. These are  small  spheri- 
cal bulbs  mith  a neck about seven inches long  run- 
ning off tangentially.  The  apparatus was arranged 
so that two cuttings can bc made  on  almost all of 
the necks. To re-use, the neck is  drawn  out  and 
sealed again  after  sterilization.  This saved about 
ten cents per  sample;  the bulbs  cost twenty cents 
each, and  the  repair  usually  about $1.00 per dozen. 
The samples after being  obtained with  the  apparatus 
in  the  Dumas bulbs were poured, into  ordinary 
sample  bottles, sealed up  with glass stoppers  and 
rubber dam, and shipped to  the  laboratory where 
emmination was made. 
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PERSONNEL 

Allan J. McLaughlin,  Surgeon, United  States 
Public  IIealth Service ; Chief Sanitary  Expert  and 
Director of Field Work. 

John W. S. McCullough, Chief Health Officer of 
Ontario. 

John A. Amyot,  Professor of Hygiene,  University 
of Toronto ; Provincial Bacteriologist,  Provincial 
Board of Health,  Ontario. 

Frederick A. Dallyn,  Provincial  Sanitary En- 
gineer,  Ontario. 

United States Public Ilealth Service. 

Laboratories at Buffalo, N.Y.; Clayton, N.Y.; De- 
troit,  Mich.; on U. s. Revenue Cutter " Mor- 
rill," and  Van  Buren, Maine. 

Passed  Assistant  Surgeon, Paul Preble. 
Assistant  Surgeon, L. R. Thompson. 
Warren C. Fargo, M.D. 
William  Wallace,  B.S. 
IIugh C. McDowell, M.D. 
Allan  Stewart, M.D. 
Emory J. Theriault,  B.S. 
Frcd. B.  Loring,  B.S. 

Provincial Board of Health' of Ontario. 
Laboratories at  Eingston, Niagara-on-the-Lake, Fort 

Erie, Port  Stanley,  Amherstburg,  Windsor, 
Sarnia,  Sault Stc. Marie, Port Arthur, Fort 
Frances. 

C. R. Avery, B.A.Sc. 
C. P. Brown, B.A., M.B. 
R. D.  Defries, B.A., M.D. 
A. V. De Laporte,  B.A.Sc. 
W. R. Jaffray, M.B. 
N. F. Parkinson,  B.A.Sc. 
C. 8. Robertson,  B.A.Sc. 

State Board of Health, State of Michigan. 
Laboratory at  Port  Huron, Michigan. 

E. R. Chambers,  B.S., in charge. 
James W. Inches,  M.D. 
Charles G. Sinclair,  B.S. 

Department of Health, State of Netu Yorlc. 
Laboratory at Youngstown, New York. 

Wm. A. Bing,  in charge. 
Fred. B. Harrington, M.D. 

Provincial Board of Health of Quebec. 
Laboratory at Montreal 

Theo. J. LaFreniere,  in charge. 
Arthur  Bernier, M.D. 

FERMENTATION OF  LACTOSE BILE BY AN  ANAEROBIC ORGANISM* 

111 the course of the work on the St. John River 
an  ixteresting  finding was recorded,. In  the first two 
or three days of sampling it was evident that  the 
numbcr of organisms  producing  gas  in  lactose  bile 
was out of proportion  considering  the  lack of urban 
pollution  (sewage).  Tests of tubes  showing gas were 
made on Endo  plates  and 305 out of 444, or 69 per 
rent.,  failed to  show colonies  which bore any  rescm- 
blance to the Colon Bacillus.  Transplants  from  the 
lactose bile tubes  showing gas always  gave  on agar 
slants an  aerobic  surface  growth and  a  production of 
gas along the sides of the  tube below the  surface sug- 
qesting  an anaerobe. The surface  growth was some- 

* Special article, contributed by Dr. Allan J. McLaughlin. 

times  a coccus, sometimes B. Subtilis,  and sometimes 
other aerobic  organisms. 

If the {mixed culture on an  agar  slant was inocu- 
lated  into  hot  agar  and  B.  Subtilis or other  resistant 
organism  accompanied the anaerobe, the  result was 
a. surface  growth of B.  Subtilis  and  a  production of 
gas  bubbles in  the  depths of the media. Pure  culture 
of this anaerobe  can be obtained from  the mixed  cul- 
ture by making  dilutions  and finally  drawing  the  hot 
agar up in  a  long glass  pipctte.  The bubbles form 
at  intervals,  and  after selecting one apparently  dis- 
crete,  the  glass is broken under  sterile  precautions 
and  inoculation  made  from  the walls of the bubble. 
JTorphologically it is a spore-hearing  anaerobc  rcsem- 
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bling  and possibly identical  with B. Welchii. I t  
gave the  typical reaction of B. Welchii in rabbits. 
Further work will show whether  the two organisms 
are  identical or merely related. 

The  question arises, Whence comes this consider- 
able pollution  with  an  organism resembling or B. 
Welchii? It has been asserted that  this  organism  is 

Table XXVI. 
GAS  PRODUCERS, ST. JOHN RIVER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

5; is z m d  

21 
21 
21 
20 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
20 
21 
20 
21 
21 

Average per 1OOCC. 
by Phelps Method 

Total gas 
producers. 

467 
647 
566 
472 
536 
643 
515 
730 
433 
433 
519 
600 
519 
561 
566 
604 
476 
480 
467 
600 
520 
566 

1086 
695 
614 
601 
524 
540 

1090 
476 
480 
528 

" 

Typical 
B. Coli 

65 
160 
70 

1 67 
160 
112 
155 
250 
18 

112 
57 
61 
74 

103 
164 
155 
31 

117 
117 
155 
103 
112 
725 
202 
112 
117 

57 
254 
631 
112 
112 
70 

Anaerobic 
gas 

producers. 

402 
487 
496 
305 
376 
531 
360 
480 
415 
321 
462 
539 
445 
458 
402 
449 
445 
363 
350 
445 
417 
454 
361 
493 
502 
484 
467 
286 
359 
364 
368 
458 

the only  one outside of the colon group which fer- 
ments lactose bile, and  that it is derived from the 
intestines of animals. We found  nothing  to suggest 
that  the  first  statement  is  untrue,  but  the second 
statement  in our opinion is open to question. More 
work will have to be done  to show whether  the  in- 
testine of man  and  animals  is  the  habitat of B. 

Welchii or that  their presence there  is accidental. If 
its  habitat is the soil, the question a t  once arises, 
Does it reach the soil from  the  manure  spread over 
the fields ? 

Fig. No. 26' snows the remarkable  frequency of 
anaerobic gas producers in  the St. John River water, 
and  the very unifom  distribution of these from 
Edmunston  to  Grand Falls. There  is very little 
variation  in  their  number  per 100 c.c., computed by 
Phelps'  method. The  variation  in  the  total  gas pro- 
ducers  is  due to the  variation  in  the  number of B. 
Coli. The wastes from  the  potato  starch  factories 
suggested  a possible explanation.  These starch fac- 
tories use the culls and diseased potatoes. A rotten 
potato  sent  from  Van  Buren  to  Washington was 
opened und,er  sterile  precautions  and  from  the  rotting 
interior  cultures were made in  hot  agar.  From these 
cultures  an  organism was isolated identical  with 
those  isolated from  the lactose  bile fermentation 
tubes and  having  the  characteristics  usually ascribed 
to B. Welchii. Whether  the  potato  starch  factories 
are responsible for  the  high prevalence of this organ- 
ism in  the water, or merely act as one agency in  the 
prevalence is open to question. There  are  three 
potato  starch factories a t  St. Agatha  and  Fort  Kent 
above Edmunston,  and four between Edmunston  and 
Grand  Falls,  and as this  is a resistant spore-bearing 
organism  the distance is negligible. One fact seems 
to suggest that  the  factories do not  greatly increase 
the  numbers of this  gas  former  in  the water. The 
count in  Table XXVI shows a remarkably  uniform 
distribution of the anaerobic  gas  producers and  no 
signi'ficant  increase at  the  points below the  starch 
factories. This experience  clearly shows that  the 
presumptive  test  (gas  in lactose bile) alone for B. 
Coli, may be misleading  and  that some confirmatory 
test is necessary in  certain waters. I n  this work Endo 
plates were used to confirm presence of B. Coli in 
tubes  showing gas. 

It is very probaljle that a group of anaerobic or- 
ganisms of which B. Welchii is a type  is  much more 
widely distributed  in our surface waters than  is gen- 
erally supposed. Where sewage pollution is gross the 
finding of B. Coli is conclusive and obscures the 
presence of other  factors  in  the  gas  production. If 
material  from  the  gas tubes was transplanted  into 
hot  agar it is probable that  in  many instances this 
anaerobe would be found. 
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