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THZS topic is a very broad one. In fact, some difficulty has 
been experienced in reaching a conclusion as to which particular 
aspects of this topic these remarks should be directed. 

" Biochemical" is not a very precise term. It is used differ- 
ently by different persons. It is proposed to-night to speak 
more particularly of the biological rather than the chemical 
phases of this broad field which deals with the sanitary features 
of public water supplies. Reference will be made especially to 
means of measuring the sanitary quality of water supply through 
biological methods, and then of the accomplishments upon the 
public health of modern ehgineering works to conserve or im- 
prove the quality of water. The engineering works themselves 
will be scarcely touched upon. 

While the main theme of this talk will be means of measuring 
the sanitary quality of public water supplies, both through 
laboratory procedures and the study of vital statistics, atten- 
tion will be directed to some striking instances where it is 
proved that public water supplies are not wholly to blame for the 
prevalence of diseases generally associated with the public water 
supply. Other sanitary conditions are involved, and, as our 
knowledge of vital statistics and of modes of transmission of 
disease becomes more complete, it is shown that the city sani- 
tarians have duties to attend to which in earlier years were 
assumed to belong to those who had charge of public water 
supplies. 

This is a particularly apt time at which to speak on this 
subject. During the past week the United States Treasury De- 
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partment has published a report of a Commission of Expert 
Sanitarians to specify bacteriological standards for drinking 
waters to be supplied to the public by common carriers in inter- 
state commerce. That this task has not been an easy one is 
shown by the fact that it has required nearly two years of 
deliberations to formulate a six- or seven-page report. 

Another feature of importance in the current developments 
of sanitary science on this side of the Atlantic is the work now 
being done'by the International Joint Commission having control 
of the pollution of the boundary waters between this country and 
Canada. This has brought squarely to an issue the proposition 
of what is a reasonable load as regards pollution that modern 
water filters may be expected properly to carry. In populated 
regions surface waters of virgin purity are impossible. This 
does not mean, however, that pollution can not and should not 
be controlled within limits that will not prove overburdensome to 
those whose task it is to build and operate filters and other devices 
for the purification of public water supplies. 

The Rivers Pollution Act of Great Britain, adopted in 1876 , 
was so stringent that it had but comparatively little influence 
upon the public health, owing to the difficulty and great expense 
involved in adjusting to it. The Royal Commission on Sewage 
Disposal of Great Britain decided two years ago, after deliberat- 
ing for more than a dozen years, that less stringent standards 
should be set up and that, furthermore, plans for completed 
works necessary for certain conditions might derive the benefit 
of " relaxation." By this is meant that local authorities in Great 
Britain are to-day not obliged, in many cases, to build complete 
sewage purification works, although plans are to be prepared 
with that ultimate end in view, and that the construction work 
to that end must proceed in pursuance of local conditions both 
as to availability of funds for such work and as to local sanitary 
needs. 

Laboratory methods for measuring the sanitary quality of 
water date back more than thirty years. They are contempo- 
raneous in point of dates with the formulation and general 
recognition of the germ theory of disease and the transmission 
by water carriage of a number of the well-known diseases, 
particularly those of the intestinal group. Laboratory data do 
not afford a particularly satisfactory means of measuring the 



July, I 915 . ]  SANITARY WATER SUPPLY. ~9 

quality of water. They are simply a rough indicator, and the 
interpretation of the data seems to be positive and satisfactory 
only when they apply to a very good water or a very bad water. 
In the middle courses of the range of quality of water, laboratory 
data are to-day in need of further careful study, both as to 
methods in use and the interpretation of the results. 

Following the Spanish-American war the sanitary world 
was shocked at the discovery of the extent to which disease was 
transmitted through the agency of flies and other insects. Those 
experiences were attained largely in the big army camps where 
the hygienic environment related more particularly to the con- 
ditions prevailing in rural rather than in urban communities. 
Gradually there has been determined the important fact that 
public water supplies are not in all cases responsible for the 
transmission of intestinal diseases to the extent which was 
hitherto thought to be the case. The recent evidence has been 
obtained for the most part in southern cities where the fly period 
is of longer duration than in the northern cities. In the latter, 
however, the fly period for quite a number of months each year 
has been a factor involving the public health to a degree much 
greater than has been recognized by the majority of sanitarians. 

Some of the more important recent data will be shown with 
the aid of lantern slides to illustrate specifically these general 
remarks as to the need of more precise methods in the laboratory 
for the measurement of the sanitary quality of public water 
supplies; and, again, as to means of measurement of the effect 
of  the public water supply upon the general health of the com- 
munity through recognition of the influence of other aspects 
of  municipal sanitation in bringing about high death-rates from 
so-called water-borne diseases, and in cases where the public 
water supplies are in no way at fault. 

DETERMINATION OF SPECIFIC PATHOGENIC BACTERIA. 

Infectious diseases, such as may be water-borne, require the 
presence in the water of an appreciable number of the particular 
pathogenic bacteria producing the disease. It follows very 
simply, as an academic proposition, that if a correct examination 
of the water can show that no such disease germs are present, . 
the water is safe for domestic consumption, and is what is 
generally termed " a  wholesome water." Unfortunately, such 
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direct determination can be made only with the greatest of 
difficulty, and the results of  such correct determination have only 
a doubtful value. A certain number of the bacteria producing 
water-borne diseases, such as the typhoid bacillus and the cholera 
spirillum, have been successfully isolated and can occasionally 
be detected in a polluted water. Broadly speaking, however, it is 
not at all certain that such bacteria will be detected, even if they 
are present in a public water supply. 

A few investigators, among whom may be particularly men- 
tioned Dr. A. C. Houston, Director of Water  Examinations, 
Metropolitan Water Board, London, have insisted that their 
methods of determination of these specific organisms are suffi- 
ciently accurate and reliable, so that tests made by them showing 
that these bacteria are not present are conclusive to them that 
there is no danger of such diseases being caused by the water. 
Most of the laboratory workers do not concur in this viewpoint. 
They assert that, while specific bacteria may often be isolated 
and shown to be present in the water, they are not at all willing 
to say, on the other hand, that the fact that they are unable to 
isolate this organism shows conclusively that they are not present. 
They believe that the methods used are sufficiently uncertain 
so that typhoid or cholera bacteria may be present and still 
not be detected. 

There is one other important factor which must be con- 
sidered. We do not know with exact certainty what diseases are 
disseminated by water. A certain number certainly can be 
attributed at times to a water supply. Others are uncertain. 
There may be still others ~-hich may be carried by water, but 
we are not fully aware that they can be so carried. To make 
satisfactory tests of a water supply, therefore, by the direct 
method, would require specific tests for each particular type 
of pathogenic bacteria which we know can be carried by water 
or which possibly might be carried by water. Quite apart from 
the accuracy and desirability of results of such methods, the 
work would probably become so laborious and time-consuming 
for practical use in ordinary water determinations that the 
method falls of itself a~ too unwieldy to be used. 

In effect, any such direct methods, ideal as they may be, 
fail us in service, and we must have recourse to some indirect 



July, I915.] SANITARY W A T E R  SUPPLY. 2 I  

method which will give us better service. The indirect methods 
available are, first, the determination of the total number of 
bacteria present in a given volume of the water, and, second, the 
determination of the absence or quantitative presence of certain 
specific bacteria which may be called indicators o.f the possibility 
of the presence o.f disease germs. 

SIGNIFICANCE OF TOTAL BACTERIAL COUNT. 

The oldest and simplest biological method of gauging the 
quality of a water supply is by counting the total number of 
bacteria by means of the colonies formed by growth on some 
solid nutrient medium. The method formerly used and still in 
most general practice is to count the total number of colonies 
produced by incubation on solid gelatine in forty-eight hours at 
a temperature of 20 ° Centigrade, and to call this the number of 
bacteria present in the quantity of water examined (one cubic 
centimetre). By this standard, German sanitarians about 
twenty-five years ago fixed on one hundred bacteria per cubic 
centimetre as the fair 'dividing line between a good and an un- 
satisfactory water, under their local conditions as studied. Any 
water showing less than these one hundred bacteria per cubic 
centimetre was considered satisfactory, but a bacterial count in 
excess of this amount showed a water of inferior quality. This 
standard has been very much used and until fairly recent times 
has been considered a reasonable and proper standard for some 
classes of water. 

A number of rather obvious objections present themselves 
to the use of this standard for determining the water quality. 
The first natural objection is that there may be, and probably is, 
no definite relationship between the number of bacteria present 
in the water and the number of pathogenic bacteria which may 
cause disease. The bacteria in the water originate from any 
number of points. They come from the soil, the vegetation, and 
from animals; they grow in the water itself, and many forms 
multiply very rapidly in the water. A pure water may show 
very high bacterial results, and a polluted water a relatively small 
bacterial count. 

In considering any new source of water without knowing 
its special local conditions, it is almost impossible to say from 
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t h e  total bacterial count alone whether the water is good or poor 
or something intermediate. It even happens that in carefully 
filtering water the filtered effluent may show as many as, or even 
more bacteria than, the water applied to the filters. This comes 
from the fact that certain species of bacteria may grow in the 
filter itself, particularly in its underdrains, and from this growth 
of water bacteria, always of a harmless form, the effluent obtains 
its large bacterial count. And yet this filtered effluent may be 
entirely free of any pathogenic forms. 

Another factor militating against the useful purpose of this 
total bacterial count test is that the incubation was effected at a 
temperature of 2o ° Centigrade, about normal room temperature. 
Under such conditions the growth of the harmless water bacteria 
is facilitated, while the growth of the pathogenic bacteria, which 
naturally thrive at the body temperature, is partially inhibited. 
It has been attempted to meet this difficulty by specifying a 
different total bacterial count method of testing. This involves 
the incubation of the sample at a temperature of 37 ° Centigrade, 
using nutrient agar as the medium. The use of the high tempera- 
ture, approximately that of the body, serves the purpose of 
encouraging the growth of various bacteria which thrive at the 
body temperature, and of inhibiting the growth of the ordinary 
non-pathogenic bacteria. This gives relatively small counts on the 
plate, but these bacteria, of smaller number, perhaps, may be a 
fairer measure of the possible presence of contaminating 
organisms. 

Table I of " Comparison of Gelatine and Agar Counts for 
Various Coli Conditions " exhibits, opposite to each other, the 
bacterial counts per cubic centimetre obtained by the two methods 
above cited. It will be seen that the bacteria shown by the 37 ° 
agar test are very much lower than those shown by the 20 ° gela- 
tine test. There is, however, no constant relation between the 
two. In some cases the agar may show only ten per cent. of 
the bacteria of the gelatine test. In other cases the count may 
be twenty-five per cent. or more of those shown by the gelatine 
test. It is, of course, not to be expected that there should be any 

cons tan t  relation, or even approximately constant relation, be- 
tween these two tests. In addition, different waters and different 
conditions of the same water, even different seasons of the year 
will show a different relation in the count by the two tests. 
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;tABLE I. 

COMPARISON OF GELATINE AND AGAR COUNTS PER CUBIC CENTIMETRE FOR 
VARIOUS COLI  CONDITIONS. 

Counts shown here are the average for sixteen months 

Class A water Class B water [ Class C water Class D water 

B. coil 

Negativein IO c.c. 
Positive in lO c.c.. I 
Negative in 1 c.c..I 
Positive in I c.c...] 
Positive in I~ c.c..] 
Positive in ~ c.c. -I 
Positive in ~ c.c. -I 
Positive i n I ~  e.c.. 

Total samples... 

52 46590 
IO2 455I I  I 

94 37762 11177 
93 35677 9I~9 

IO4 4 9 . 5  
459 

ox 

~ b ~ :  841 
I I 3  42982 i ~42( 
I66 35641 ] 5442 
143 331o6 I 534~ 
lOI 3x727 582] 

56 38632 I68( 
615 

[3 920 
)4 lO75 

tt I'6"5"5 
C3 3297 

)I . . .  

w 

o 

30 352 44 
43 75 571 

56 i i  715 
26 

• . .  438 . . . . . . . .  

w 

8 
~9 

I6 

Reference--W. U. C. Baton,  Journa l  Am. W. W. Assn., x914, VoL No. x- -p .  I9. 

An instructive series of  investigation has recently been made 
by Dr. Ernst Quantz, at G6ttingen, in Germany, and published in 
the Zeitschrift fiir Hygiene, I914, vol. 78, p. I93. Table II 
shows the results of this investigation made entirely with various 
well waters. The well waters are divided by the author into 
three classes: Group I, as shown in the table, consists of wells 
which are practically impossible for pollution, and may be con- 
sidered as safely good well waters. Group II are rather doubt- 
ful, and at times might possibly be polluted and at other times 
be pure. Group III are those classed by the author as particularly 
bad wells, and pretty nearly certain to be polluted. 

TABLE II. 
BACTERIAL COUNT OF W E L L  WATERS.  

By Dr. Ernst. Ouantz--Zeit. f. Hyg.--Vol .  78--Page I93. 

Group I 

o - -  IO 
II-- 50 
5I-- I 0 0  

I O I - -  200 
2 0 I - -  500 
50I-- I000 
IOOI-- 2000 
2001-- 5000 
500I--IO000 

IO001-;--20000 
Over--20000 

Number of examinations Per cent. of examined wells 

Bacterial count 
per cubic centimetre 

Group I I  G r o i p  I I I  

o 
IO 

,o i 22 
I8 
I8 
X3 
I I  

2 1 

Group I 
Good 

Group I I  Gr I I I  
Doubtful BUaPd 

19 
19 

o 
o 
o 

o 

IO 
I9 
x5 
I5 
i i  

2 

o 
o 
o 
3 

I1 
2o 
2o 
x4 
9 

z4 
9 

VOL. CLXXX, No. Io75--3 
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In examining these data a very general relationship is shown. 
Thus, taking IOOO bacteria per cubic centimetre as the limit, we 
see in Group I that 88 per cent. are under this limit; in Group II, 
62 per cent. ; and in Group III, 34 per cent. Taking ioo bacteria 
as the limit, in Group I, 31 per cent. are under this limit; in 
Group II, 18 per cent.; and in Group III, no per cent. This 
indicates very fairly that better wells, on an average, have a lower 
bacterial count than the poorer wells. The author's bacterial 
count was taken on gelatine at 2o ° Centigrade. 

Individual wells, however, show no such relationship. In 
some cases good wells show a higher bacterial count than poor 
wells. Very often the rate of draft  on the wells is a bigger 
factor in the number of  bacteria shown than the possibility of 
pollution. Good wells which have been standing for some time 
show a very high bacterial count. 

The most that can be deduced is that very low counts mean 
certainly very safe water and very high ones possibly unsafe 
ones. 

As the conclusion of some thirty years of experience, bacterial 
counts are still taken as showing roughly the variation in the 
same water. In other words, their chief advantage is found in 
comparing a water before and after  it is filtered. Especially is 
this true of counts on gelatine at 20 ° Centigrade. 

When taken alone bacterial counts are not considered ordi- 
narily as a reliable indicator of the safety of the water. 

SIGNIFICANCE OF B. COLI AS AN INDICATOR OF POLLUTION. 

After  eliminating as a satisfactory indicator of pollution the 
total count of bacteria which may originate anywhere at all, the 
next natural step is to restrict our investigation to those particu- 
lar bacteria which seem likely to originate in the human body. 
The normal rule seems to be that only human diseases are trans- 
mitted to other human beings, and that bacteria, in order to 
cause infection, must originate in man. Infectious pollution in 
water supplies arises almost wholly from discharges from the 
human intestines, and any bacteria which can be assumed to 
originate in the human intestines would be a fair measure of 
such human pollution which potentially might be dangerous or 
in fectious. 
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Unfortunately, there are no such bacteria which are a posi- 
tive indicator of human pollution. The nearest thing to it are 
the coli bacilli. Thus t?. coli are always found in any discharges 
from the human intestines. They are also found, however, in 
the discharges from the intestines of animals, birds, fishes, and 
on cereals, grains and many other places. They are even found 
in the air, the dust, and, because of their widespread occurrence, 
have often been termed " ubiquitous." Because of these condi- 
tions it is not a simple matter to say that any water supply which 
shows the presence of B. coli necessarily possesses any specific 
danger of human pollution or of infection which might at any 
time have been present. It merely suggests a potential danger in 
such a water. 

This difficulty is made more pronounced by the large number 
of forms or types in which the B. coli appear. The colon bacillus 
is not a simply definite form of unvarying properties. It repre- 
sents, rather, a whole class or series of classes of bacteria re- 
sembling each other in a certain number of properties and differ- 
ing in other properties. There is a graded series of bacteria, 
some of which have in common many qualities, but the extremes 
of the series have only a small number of things in common. 
Attempts have been made to divide these coli bacilli into two 
general classes, one called the typical coli and the other the 
atypical coli. The typical coli is the one which is most likely 
to occur in the human intestines, and the atypical coli is that 
form which is most likely to originate elsewhere. 

In I9O 5 the Committee on Standard Methods of Water 
Analyses of the American Public Health Association, of which 
the speaker was a member, drew up a set of standard tests for 
B. coh; designed to distinguish the typical from the atypical 
form, and to rate only the typical form as B. coll. 

More modern methods have shown the general tendency to 
make less difficult and more approximate tests of the occurrence 
of B. coli. They involve the use of the lactose peptone bile 
"' presumptive tes t "  as sufficient to show t?. coli and to rate 
eoli or eoli gas-forming bacteria by this test. There is a good 
deal to be said for. these simpler, speedier methods now used, 
even if they are not a positive guide for separating the percentage 
of B. coil which comes from the intestines of man, as distin- 
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guished from the bacteria reacting similarly in the laboratory 
and coming from the intestines of other domestic animals, grains, 
soils, etc. 

The percentage of organisms of the coli group, rated as 
positive by the presumptive test that would be considered typical 
B. coli by confirmatory tests, varies from at least thirty to ninety 
per cent., according to various workers testing different waters. 
Quite possibly in some waters the percentage of B. coli of typical 
forms would be much less than this. It  is to be understood that 
even with this small percentage of typical B. coil there is no 
evidence to show what portion, if any, of the B. coli originated in 
the intestines of man. 

In Table n I  the relations of the B. coli result by different 
methods of testing are given. These figures by Professor 
Giirtner are taken from Dr. Houston's tests of London water. 
Three methods of testing are given: the first, the so-called pre- 
sumptive test, is noted from the gas formation; the second 
column involves a so-called confirmatory test, as applied by 
Dr. Houston; and in the third column are given the results of 
so-called typical tests. Comparing the results given by the pre- 
sumptive test and by the typical test for one cubic centimetre, 
we see that for the Thames raw water before storage the typical 
test showed almost as much coli as the presumptive test, or, 
in figures, about eighty per cent. as much. In the Lambeth 
Reservoir, after storage, the typical coli are only about fifty 
per cent. of those shown by the presumptive test. In the Chelsea 
Reservoir, after storage, the typical coli are shown to be only 
about forty per cent. as much as the presumptive coli. In the 
LaValle Reservoir, after storage, the typical coli are less tllan 
twenty per cent. of the presumptive coli. 

Generally speaking, the raw water shows a higher percentage 
of typical coli, and storage waters, which are largely purified 
by long storage, show a smaller percentage of typical coli. This 
may be because some, even a large part, of the original coli lose 
their typical properties in age, as is often claimed to be the case. 
It may be because the typical coli are less long-lived than the 
atypical coli. It might also be inferred from this table that the 
typical coli are better indicators of the water quality than the 
atypical coll. 
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TABLE III. 

RELATION OF B. CoLl RESULTS BY DIFFERENT METHODS. 
By A. GArtner--Zeitschrift for Hygiene--I9IO, vol. lxvii, p. 55. 

Source of wa te r  

T h a m e s ,  r aw  wa te r  before  
s torage  

L a m b e t h  Reservoi r ,  a f t e r  
s to rage  

Chelsea Reservoi r ,  a f te r  storage.  

S ta ines  Reservo i r ,  a f te r  s to rage .  

Lee R i v e r  water ,  before s t o r a g e  

LaVal le  Rese rvo i r , a f t e r  s to rage  , 

Volume 
tested 

c.c. 

.O00I 

.OOI 

.OI 

. I  
I .  

IO. 
IOO. 

.OOOI 

.00I 

.OI 

.I  
I .  

I0. 
IO0. 

.O00I 

.OOI 

. e l  

. I  
I .  

IO. 
IO0. 

.O00I 

.OOI 

.OI 

IO. 
IO0. 

.O00I 

.001 
,Of 
.I 

I. 
IO. 

IO0. 

.O00I 

.OOI 

.OI 

.I 
I. 

IO. 
IO0. 

I Pe r  cent .  of t es t s  showing  pos i t ive  resul ts  

I 
iP resumpt ive  test  Conf i rma to ry tes t  T yp i c a l  t es t  

F e r m e n t a t i o n  I so la t ion  of I so la t ion  of 
and  gas  coil-like coil-like 

f o r m a t i o n  of microbe,  f o r m -  microbe,  f o r m -  
bile. glucose ing gas  e i ther  ing  indol in 

peptone  wa te r  
and  pep tone  in glucose or  and  gas  in  

solut ion lactose lactose 

3.4 3.4 
27.0 24.7 
84.3 79.8 
98.9 97.7 

I00.o 99.9 

1.2 1.2 

I4.9 z3.7 
44.9 39.9 
82.4 74.9 
97.4 97.4 

I , I  I . I  

4.5 4.5 
30.3 22.4 
65.z 49.3 
85.3 74.0 

3.6 z.2 
21.7 z6.8 
53.0 44,5 
84.3 8o,6 

2 . 2  l , I  
I I . I  I I , 2  
33.6 29, I 
79.7 75.2 
99-9 99,9 

I . I  
5.6 i 3.2 

i6.8 II.I 

55.o 44.8 

IO.I 

48.3 
83, I  
97.7 
99.9 

7.5 
~3.7 
51.2 
83.7 

I . I  
3.3 

I3 .4  
32.5 
57.a 

9.6 
32.5 
66.2 

i . i  
8.6 

16.8 
55.0 
93,2 
99,9 

I . I  
5.6 

32.5 

Dr. Houston, in a recent report on the value of  storage, 
points out that storage results in a devitalization of  the unde- 
sirable bacteria, on account of  the water being an unsuitable 
medium for sustaining their activities. He speaks of  this as the 
" Glagesten" theory in the storage of  impure water. 
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Coli tests should be used most cautiously in forming an 
opinion as to the quality of an untreated raw water. Such data 
should be weighed carefully in connection with a sanitary survey 
in the light of existing conditions as to the opportunity for 
pollution. 

Realizing the inability to record the source of bacteria pro- 
ducing positive results by the coli tests, particularly as to whether 
or not they originated in the intestines of man, it is desirable 
to record what is available by way of information as to the 
relative prevalence in water of B. coli and B. typhoid. These 
results, so far as they have been studied, are quite erratic and 
unsatisfactory. We will make some mention of several com- 
ments, but before doing so it is desired to point out some of the 
irregularities known to the speaker due to changes in methods 
of determining B. coli, as follows: 

In i898 the speaker had charge of the testing station at the 
Cincinnati water works. The water was drawn from the in- 
take at the old Front Street pumping station, adjoining the 
Pennsylvania Railroad train shed. Into the Ohio River above 
this intake there were emptied the contents of  thirty-two city 
sewers, and six miles above the intake the Ohio also received 
the flow of the Little Miami River, draining a populous water- 
shed. On the basis of the determinative tests made for I3. coli 
then in vogue it was found that sixty per cent. of the samples 
showed the presence of this organism when one cubic centimetre 
of the water was tested. (See the speaker's report on Water  
Purification at Cincinnati, I899, p. 4o.) 

In i9o 7 the intake was moved to the present site at Cali- 
fornia, seven miles above the old intake and one mile above the 
mouth of the Little Miami River. A marked falling off in the 
typhoid occurred during the summer of that year, and before the 
filtration plant was put  in service in October of the same year. 
Since October, i9o 7, the city of Cincinnati has had one of the 
very lowest typhoid fever death-rates of any American city. By 
the present method of making the presumptive tests on the un- 
treated Ohio River water at the upper intake now in use a positive 
result in one cubic centimetre samples is reported in eighty-five 
or ninety per cent. of  the daily samples tested. No increase in 
population in Pittsburgh or other cities above can possibly explain 
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the change in analytical data as compared with those obtained in 
I898. 

At New Orleans, during the operation of the water testing 
station, Mr. R. S. Weston found in I9oi-I9O2 that out of one 
hundred tests for B. coli he obtained positive results only three 
times when using from one to three hundred cubic centimetres of 
water per sample. (See Report on Water Purification Investiga- 
tion, New Orleans, I9O 3, p. 47.) 

By the presumptive method as now practised positive B. 
coli results are obtained in eighty per cent. or more of the one 
cubic centimetre samples. The present intake is above the city 
limits, and there has been no striking increase in the population of 
the cities of the Mississippi valley sewering into this river of 
great size. The cities of Baton Rouge and Vicksburg have more 
extensive sewerage than a dozen years ago, but their effect upon 
pollution at New Orleans can scarcely be measurable. 

INTERNATIONAL JOINT COMMISSION STANDARD. 

During the course of this last year an International Joint 
Commission, consisting of members appointed by the United 
States and by Canada, have been considering the question of the 
allowable pollution in international boundary waters. The 
particular features they were studying were to what extent sewage 
and other polluting discharges into these boundary waters should 
be reduced in amount and purified, and to what point these 

boundary waters might be allowed to be polluted and yet at the 
same time not occasion, in connection with water purification 
plants, any menace to public health. 

In the course of this investigation this International Joint 
Commission obtained testimony from a number of sanitary 
engineers, and formulated a tentative standard of purity for 
these international boundary waters with respect to. the proposi- 
tion of not overloading water filters. 

The problem here was not the one of determining what coli 
count was permissible for a drinking water. That problem, 
indeed, could not have readily permitted a general solution in 
the light of our present knowledge. The conditions of such 
surface waters as form the international boundary waters are 
such that safety demands that all of these waters be properly 
filtered before being used as domestic supplies. The problem, 
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then, relates to the extent of pollution permissible and still not 
make the waters unsafe after reasonable filtration. Giving proper 
weight to the effective work that can be expected of modern 
water filters, it is not necessary to specify a very rigid or exatcing 
standard for the raw water subjected to filtration. An approxi- 
mate figure, which will reveal a water not extremely polluted, 
will be satisfactory. On this basis the speaker and his colleagues 
before the commission fixed a standard for a yearly average by 
the presumptive method, reasonably checked by confirmatory 
tests, of testing coli whereby positive results in o.I cubic centi- 
metre samples of water should not occur in more than fifty per 
cent. of the samples. Averaging this in an arithmetical way, 
it would mean that there would be not more than about 5oo B. 
coli in each IOO cubic centimetres of water. It is, of course, to be 
understood that such arithmetical averaging is not exactly possi- 
ble, and the results will not correspond in taking one IOO cubic 
centimetre sample and in taking one hundred I cubic centi- 
metre samples, or one thousand o. I cubic centimetre sampies. 

It is not to be assumed, on this basis, that it is impossible to 
filter properly a water in which the coli content is in excess of 
the amount here specified. A water may indeed show a much 
higher coli content and yet be filtered and sterilized after filtra- 
tion, so that the resulting effluent will be highly satisfactory for 
all domestic consumption. Nevertheless, there is a good deal of 
question, as a matter of broad sanitary policy, whether water 
which is later to be used for drinking should regularly be allowed 
to become polluted at the intake to a water supply plant in excess 
of the amount specified. This standard, indeed, is reasonably 
liberal, and only unusual conditions will make necessary any 
very expensive purification of sewage wastes in order to keep 
water for filtration within the limits of this s tandard .  

Table IV shows B. coli content in various water supplies. 
The results shown here are given on the basis of coli content in one 
cubic centimetre and in nearly all cases the coli bacilli occur only 
part of the time in the one cubic centimetre test. In the case of the 
Lawrence, Mass., water taken from the Merrimac River, and of 
the Albany, N. Y., water taken from the Hudson River, coli are to 
be found in IOO per cent. of the tests o f  the water, and, while the 
data are not shown in this table, the water roughly approximates 
to that of  the standard tests. Experience has shown, too, that 
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these waters, which are the worst permissible by this standard 
for filtration purposes, are satisfactorily filtered by the Lawrence 
and Albany filters, and that the resulting effluent is reasonably 
satisfactory bacterially for drinking purposes. 

TABLE I V .  

OCCURRENCE OF B. COLI IN WATER SUPPLIES. 

Source of supply City 

Birmingham, Ala. Five Mile Creek 
Birmingham, Ala. Five Mile Creek 
Birmingham, Ala. Five Mile Creek 

Birmingham, Ala. Five Mile Creek 

Lawrence, Mass. Merrimac River 
Lawrence, Mass. Merrimac River 
Lawrence, Mass. Merrimac River 
New York City Croton Lake, head 
New York City Croton Lake, dam 
New York City Croton Lake, head 
New York City Croton Lake, dam 
New York City C r o t o n  L a k e ,  

x35th street 
New York City Croton Lake 
Philadelphia, Pa. Torresdale supply 

Little Falls, N . J .  I Passaic River 
I 

Washington D C' 
Washington', D: C:I PotomacP°t°mac RiverRiVer 
Washington, D. C. i Potomac River 
Washington, D. C. Potomac River 
Harrisburg, Pa. ! Susquehanna R. 

Harrisburg, Pa. [ Susquehanna R. 

Harrisburg, Pa. Susquehanna R. 

Clarksburg,W.Va. Monongahela R. 

Clarksburg,W.Va. Monongahela R. 
New Orleans, La. Mississippi River 
Columbus, Ohio Sci0to River 

Cincinnati, Ohio Ohio River 

Cincinnati, Ohio Ohio River 

Cincinnati, Ohio Ohio River 

Cleveland, Ohio Lake Erie 
Albany, N . Y .  Hudson River 
Wilmington, Del. Brandywine Cr. 
Wilmington, Del. Brandywine, Cr. 
Bangor, Maine Penobscot River 

London Thames River 
London Lee River 
London Chelsea stored 

Per cent. positive of B. coli in I c.c. 

Year [ 
Raw Treated [ 

water water 

I9IO 84.0 8.3 
I 9 H  78.0 "9.7 
x9z2 89.0 5.7 

I913 78.0 o.0 

I9IO IOO.0 7.8 
I g I I  IO0.0 8. 4 
I912 IO0.O I6.9 
IgIx 65.0 . . . .  
IgII 21.0 
1912 42.0 .... 
I912 35.0 ~gxx . . . .  ~;.s" 

I912 .... I 0@0 

I912 .... 4.1 

' I I-- ' I2 89,0 6. I 

IgIo  26.9 0.0 
I91X I6.9 0.8 
I912 43.5 o.o 
I913 45.5 
IgIO 5S.O '0.'I'~ 

I 9 i I  77.0 o.6x 

I912 . 47.0 o.8i 

'II--'I2 . . . . O. 3 

'I2--'I3 : 67.0 

I913 39.0 "3.'I" 
I913 69.0 ! O.5 

19IO 91.o 0.8 

I g I I  85 .O 5 

xgIa 93.0 3 

I 9 I I  I I . I  O 
I912 IO0.O 5 
I g I I  99.3 • • 
I912 99.2 I I  
I913 86.0 o 

I 9 I I  87-9 
I 9 I I  86.7 
. . . .  I3.4 

! 
Kind of Presump- 

treatment  t i re  test 

Filtered 
Filtered 
F i l t e r e d  a n d  

partly sterilized 
F i l t e r e d  a n d  

partly sterilized 
Filtered 
Filtered 
Filtered 

Sterilization 

Sterilization 
F i l t e r e d  a n d  

partly sterilized 
F i l t e r e d  a n d  

partly sterilized 
Filtered 
Filtered 
Filtered 

Fh't~d'ddd "ddr- 
ilized 

Filtered and ster- 
ilized 

Filtered and ster- 
ilized 

Filtered and ster- 
ilized 

Filtered 
Filtered and ster- 

ilized 
Filtered and ster- 

ilized 
Filtered and ster- 

ilized 
Filtered and ster- 

ilized 
Sterilized 
Filtered 

Filtered 
Filtered and ster- 

ilized 
Filtered 
Filtered 
Filtered 

Yes 
Yes 

Yes 

Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

Yes 
No 
No 
No 
No 

Yes 

Yes 

Yes 

Yes 
Yes 
Yes 

Yes 

Yes 

Yes 

Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
No 
No 
No 

In view of the importance of the pending investigations into 
the control of the pollution of the boundary waters between the 
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United States and Canada, it will not be out of place to include 
here the guiding principles put before the commission by the 
sanitary engineers Whom they consulted, as follows: 

" New York, June 27, 1914. 
" To the International Joint Commission. 

" Gentlemen: The following statements represent 
the essence of the opinions given by us before your 
honorable commission at the conference held in New 
York on May 26 and 27, 1914: 

" I. Speaking generally, water supplies taken from 
streams and lakes which receive the drainage of agri- 
cultural and grazing lands, rural communities, and un- 
sewered towns, are unsafe for use without purification, 
but are safe for use if purified. 

" 2. Water supplies taken from streams and lakes 
into which the sewage of cities and towns is directly 
discharged are safe for use after purification, provided 
that the load upon the purifying mechanism is not too 
great and that a sufficient factor of safety is main- 
tained, and, further, provided that the plant is properly 
operated. 

" 3. As, in general, the boundary waters in their 
natural state are relatively clear and contain but little 
organic matter, the best index of pollution now avail- 
able for the purpose of as.certaining whether a water- 
purification plant is overloaded is the number of B. 
coli  per IOO cubic centimetres of water expressed as an 
annual average and determined from a considerable 
number of confirmatory tests regularly made through- 
out the year. 

" 4. While present information does not permit a 
definite limit of safe loading of a water-purification 
plant to be established, it is our judgment that this limit 
is exceeded if the annual average number of B.  coli in 
the water delivered to the plant is higher than about 
500 per IOO cubic centimetres, or if in o.I cubic centi- 
metre samples of the water B.  coli  is found fifty per 
cent. of the time. With such a limit the number of 
B.  coli  would be less than the figure given during a 
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part of the year and would be exceeded during some 
periods. 

" 5. In waterways where some pollution is inevi- 
table and where the ratio of the volume of water to the 
volume of sewage is so large that no local nuisance can 
result, it is our judgment that the method of sewage 
disposal by dilution represents a natural resource, and 
that the utilization of this resource is justifiable for 
economic reasons, provided that. an unreasonable bur- 
den or responsibility is not placed upon any water- 
purification plant and that no menace to the public 
health is occasioned thereby. 

" 6. While realizing that in certain cases the dis- 
charge of crude sewage into. the boundary waters may 
be without danger, it is our judgment that effective 
sanitary administration requires the adoption of the 
general policy that no untreated sewage from cities or 
towns shall be discharged into the boundary waters. 

" 7. The nature of the sewage treatment required 
should vary according to the local conditions, each 
community being permitted to take advantage of its 
situation with respect to local conditions and its remote- 
ness from other communities, with the intent that the 
cost of sewage treatment may be kept reasonably low. 

"8 .  In general, the simplest allowable method of 
sewage treatment, such as would be suitable for small 
communities remote, from other communities, should 
be the removal of the larger suspended solids by screen- 
ing through a one-fourth-inch mesh or by sedimenta- 
tion. 

"9 .  In general, no more elaborate method of sew- 
age treatment should be required than the removal of 
the suspended solids by fine screening or by sedimenta- 
tion, or both, followed by chemical disinfection or 
sterilization of the clarified sewage. Except in the case 
of some of the smaller streams on the boundary, it is 
our judgment that such oxidizing processes as inter- 
mittent sand filtration, and treatment by sprinkling 
filters, contact beds, and the like, are unnecessary, inas- 
much as ample dilution in the lakes and large streams 
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will provide sufficient oxygen for the ukimate destruc- 
tion of the organic matter. 

" Io. Disinfection or sterilization of the sewage 
of a community should be required wherever there is 
danger of the boundary waters being so polluted that 
the load on any water-purification plant becomes 
greater than the limit above mentioned. 

" I I. It is our opinion that, in general, protection 
of punic water supplies is more economically secured 
by water purification at the intake than by sewage puri- 
fication at the sewer outlet, but that under some condi- 
tions both water purification and sewage treatment may 
be necessary. 

" I2. The bacteriological tests which have been 
made in large numbers under the direction of the Inter- 
national Joint Commission indicate that in most places 
the pollution of the boundary waters is such as to be a 
general menace to the public health should the water be 
used without purification as sources of public water 
supply or should they be used for drinking purposes by 
persons travelling in boats. 

" 13. It is our judgment that the drinking water 
used on vessels traversing boundary waters should not 
be taken indiscriminately from the waters traversed, 
unless subjected to adequate purification, but should be 
obtained preferably from safe sources of supply at the 
terminals. 

" I4. While recognizing that the direct discharge 
of fecal matter from boats into the boundary waters 
may often be without danger, yet in the interest of 
effective sanitary administration it is our judgment 
that the indiscriminate discharge of unsterilized fecal 
matter from vessels into the boundary waters should 
not be permitted. 

"Yours  respectfully, 
" GEORGE W. FULLER, 
EARLE B. PHELPS, 
GEORGE C. WHIPPLE, 
W. S. LEA, 
T. J. LAFRENIERE." 
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Mr. F. A. Dallyn, who was one of the six consulting engineers 
to advise the commission, presented a minority report, in which 
he eliminated Paragraphs 5, 7, and I I, and made a few slight 
changes in some of the other paragraphs. 

BACTERIOLOGICAL STANDARD FOR DRINKING WATER ADOPTED BY THE 

TREASURY DEPARTMENT FOR WATER SUPPLIED TO THE PUBLIC 

BY COMMON CARRIERS IN INTERSTATE COMMERCE. 

On October 2I, I914, the Treasury Department adopted the 
standard for interstate carriers for water supplies for public 
drinking purposes in accordance with the recommendations by a 
commission appointed by the Secretary of the Treasury, January 
22, i9z 3. This commission of fifteen sanitarians recommended 
a standard published in the United States Public Health Re- 
ports, vol. 29, No. 45, P. 2960, dated November 6, I914, as 
follows : 

" I. The total number of bacteria developing on 
standard agar plates incubated twenty-four hours at 
37 ° Centigrade shall not exceed zoo per cubic centi- 
metre: Provided that the estimate shall be made from 
not less than two plates, showing such numbers and 
distribution of colonies as to indicate that the estimate 
is reliable and accurate. 

"2.  Not more than one out of five IO cubic centi- 
metre portions of any sample examined shall show the 
presence of organisms of the bacillus coli group when 
tested as follows: 

" (a) Five IO cubic centimetre portions of each 
sample tested shall be planted, each in a fermentation 
tube containing not less than 3o cubic centimetres of 
lactose peptone broth. These shall be incubated forty- 
eight hours at 37 ° Centigrade and observed to note 
their formation. 

"(b)  From each tube showing that more than five 
per cent. of the coli are in the fermentation tube, plates 
shall be made after forty-eight hours' incubation upon 
liquid lactose litmus agar or endo media. 

" (c)  When plate colonies resembling B. coli de- 
velop upon either of these pIate media within twenty- 
four hours, a well-isolated characteristic colony shall 


