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SEWAGE POLLUTION OF INTERSTATE AND INTERNATIONAL
WATERS WITH SPECIAL REFERENCE TO THE SPREAD OF
TYPHOID FEVER.

INTRODUCTION.

The rather common use of sewage-polluted water supplies without
filtration or treatment has been responsible in our cities for disaster
in the shape of typhoid fever epidemics, with a frequency not pleasant
to contemplate. Cities which neglect to filter or treat in a proper
manner such polluted supplies would be exposed also to outbreaks of
Asiatic cholera, should persons ill with cholera, or ““carriers,” gain
access to the United States.

1t is useless to expect that the dejecta of all persons ill with typhoid
fever or cholera will be properly disinfected before reaching the
sewers, especially if the contributor is a carrier who shows no signs
of iliness. It is evident that the surest and most prompt protection
against water-borne disease can be afforded in each case by proper
treatment or filtration of the public water supplies. With cholera,
we have only the menacing possibility, but with typhoid fever, we
have the actual existence of the disease in such a high rate of preva-
lence that the United States suffers seriously as compared with other
civilized countries,

TYPHOID FEVER IN THE UNITED ETATES.

The undue prevalence of typhoid fever in the United States has
been characterized as a national disgrace, and this characterization is
not unreasonable or unjust, in view of the fact that much of the
typhoid fever is preventable by one simple measure—the installation
of a safe water supply. Theoretically typhoid fever is a preventable
disease to the point of complete eradication. We also know that if
the human exereta of the entire population were properly cared for
and if personal hygiene could be encouraged and enforced to the
point. where individuals would wash their hands thoroughly before
leaving the toilet and before handling food or drink, typhoid fever
would become a matter of history.

We know practically, however, that proper disposal of excreta of
the entire population is an ideal to which we may aspire, but which is

1 Manuscript submitted for publication Mar. 1, 1012,
(13)
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still far from attainment. Instead of being able to destroy the
infective agent at its source in feces and urine, we are compelled by
expediency to attempt to prevent the entrance of the germs into the
human body by making our water and milk supplies safe. We know
also that much edueation in personal hygiene is necessary hefore the
individual carrier will voluntarily protect others by disinfecting his
hands at the proper time.

In drawing conelusions regarding the prevalence of typhoid fever in
the United States, it must be remembered that the mortality statistics
of the United States Census Bureau are made up from what is known
as the registration area.

Eighteen States furnish mortality statistics eomplete enough to
be included in the registration area. There is reason to believe that
there is more typhoid fever per 100,000 population in the States
outside the registration area than in the States ineluded in that area.
Even if this were not true, the typhoid fever rates from the registra-
tion cities and States themselves alarm, and demand concerted
effort for their reduction. The average American citizen displays
toward sanitary problems a very dangerous apathy. It is difficult
to arouse his interest in anything so common as typhoid fever.
Cholera or plague or any scourge which to him suggests a quick and
mysterious death will awaken his instinet of self-preservation and
arouse him to activity. Not so typhoid fever—it has been all about
him always, excites no terror, and is viewed indifferently as an inevi-
table visitation which comes every year and takes its toll from the
community. He rarely asks himself is this visitation inevitable, or
may not typhoid fever be prevented or reduced ?

Twenty deaths per 100,000 probably represent 200 cases of typhoid
fever. Suppose 200 cases of Asiatic cholera oceurred in any American
city of 100,000 population, would not strenuous activity be displayed,
and very properly so, for the eradication of the scourge? Although
typhoid fever mortality is lower than that of cholera, yet it is more
dangerous in its transmissibility, more expensive in its lingering
course, and more disastrous in its sequelse than Asiatic cholera.
The mental attitude toward typhoid fever displayed by many phy-
sicians, and especially health officers, is searcely more commendable.
Their complacency in the face of typhoid fever rates of above 20
deaths per 100,000 population is difficult to explain. If the rate
should be below 20, many municipal officials are inclined fo boast of
this low rate as compared with less fortunate cities,

What may be considered a low rate for typhoid fever?

Table 1 shows the death rates per 100,000 population in 10 large
European cities. The average for 5 years is given in the first col-
umn. The other columns show the rate for the individual years
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from 1906 to 1910, inclusive. The figures are given for 10 years to
show that the low rates are consistent and not a mere eoincidence.
These 10 ecities represent a population of about 15,000,000 persons,
and the average death rate per 100,000 population for the 10 years
was about 4.0. The rates are gradually becoming lower and the rate
for these 10 cities combined with a population of 15,000,000 was only
3.1 in 1910.

TasrLe 1.—Deaths per 100,000 population, typhoid fever.

s e

Average
4 ¥ears, 1506 1907 190 101 | 1801
150 -1 5
A A e e e i w wr w e e 3 2 2 1 i 5 4.0
I BT s e o i e i 3 1 2 2 I.7T 2.0
R R e ok o ok i i e ot L 4 2 3 4 1.9 1.4
Ed]ﬂhumll ........................................ 5 3 1 ] 1. )
T T e R R R R R e e T 4 & 3 4 2.8 4.0
R T N LI s e o e bt o 1 4 4 i 1 3. 3 4.1
L e e 4 1 4 4 4.2 4.0
nmtll‘!ﬁl_ 'i': T o fi ‘:.’ ig
Copenhagon . ceueecenassnnnsen § i 2 i 2T
l..-uirjladun 8 G L] 5 2 4.0

L Compiled from Public Health Reports.

In comparing European cities with American cities in the basin of
the Great Lakes, only cities of northern Europe have been mentioned,
in order to make a fair comparison of sanitary results under climatic
conditions not essentially different. For the same reason in com-
paring the Lake cities with other American cities no cities have been
referred to outside of the States of Massachusetts, Rhode Island,
Connecticut, New York, New Jersey, Pennsylvania, Ohio, Michigan,
Indiana, Illinois, Wisconsin, and Minnesota. It would be mani-
festly unfair to compare Wisconsin with Mississippi or Cleveland
with New Orleans. :

Table 2 shows 15 other European cities which in 1909 and 1910 did
not reach double figures in typhoid death rates per 100,000 popula-
tion. These 15 cities represent a total population of over 9,000,000.
The average rate for the total population was only 5.3 in 1909 and
4.5 in 1910.

Table 3 shows the remaining 8 cities in northern Europe with
populations in excess of 300,000. These 8 cities have a population
of about 7,500,000. Their total average rate for 1909 was 13.9 and
for 1910, 15.6. These rates would be considered low in Ameriea, but
the European officials consider the persistence of such rates to be

a disgrace.
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TanLe 2.1
Typhoid fever Typhoid fever
dlenths per desths per
Clties. e f Cities. 0=

1w | 1910 | 100 1910
Branklort .. o oot sy L& 00N BheMald. ... ees 9.4 3.0
T R P 1.0 23 || Rotkardam . .. .ooo.oi 6.4 6.5
Erlsm! R Eg 21l Amsterdem - ... oco. o 1.8 1:: E

1y LT NS Sl gt 7 el | = S T i e S i 84 .
BIrnIngham . . oo e s iecae s cnmnaa a.0 | Ty A 4.3 n.2
Fe"ﬂﬂl- ........................... ig 3.9 O T R R S AR &3 | 7.8
LTI ; 4.4 —-
| AR e e 7.2 3.8 Tolal average rate. ... .. 5.3 | 4.5

el s s e e e e 5.4 3.9
TasrLe 3.'—Northern European cities with higher rates.
= - i ——
Typhoid fever | Typioid fever
deaths per || | deaths per
Cities. iyl Cities. | Lol i

15K 1910 - 153 1910
[T T o s s e e e 12.5 e | O = e e 13.8 15.0
Budapest 21wl amell Wepme RS TUEET Rl A
Erl::?eln .......................... | ]T.! {gé Bl Patealurg. .. .o cvasinsnann e 25.2| &.7

R e e e 5.7 - H

L\ Tl 1 e P S S e i.l 1!.15 10.3 L g R e e 13.9 15.8

1 Compiled from Public Health Reports.

To recapitulate, in northern Europe the 33 principal cities with an
aggregate population of 31,500,000 had an average typhoid death
rate per 100,000 population of 6.5 in 1909 and 1910. This includes
such notorious typhoid centers as St. Petersburg, which had a rate of
33.7 in 1910. The rate in St. Petersburg is considered disgraceful
in view of the fact that the water supply is responsible. This supply
is partly filtered and partly raw Neva water. The bacterial examina-
tion of raw and filtered water showed little difference, and during the
cholera epidemiec cholera vibrios were recovered from both the filtered
and unfiltered water. The filters only removed 60 per cent of the
bacteria in the raw water.

It is clear that in cities which have had safe water supplies for a
period of years the rate should not be above 5 per 100,000, unless
some unusual condition exists, such as poor control of milk or lack of
control over patients and carriers. Now let us compare typhoid fever
rates in American cities.

Table 4 shows our honor roll for 1909 and 1910. These are the
typhoid fever death rates among the 50 cities in the United States
with more than 100,000 inhabitants. One city (Bridgeport, Conn.)
has a rate below 5, three cities (Paterson, N. J., Cincinnati, Ohio,
and Cambridge, Mass.) have rates below 10 per 100,000, 22 other
cities have rates from 11 to 20 deaths per 100,000, and the remaining
24 cities have rates from 20 to 86.
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TasLe 4.
Number of deaihs Number of deaths
imm tFPfE:;.:.ilg I[‘rom typhoid
ever [T i ever per 10,000
Cities having a Mation of Citles having a ulation of
m% ot PRAHMI; 18000008 brer: JRELIAHIR
kL1 1510 (] 16410 1910
Birmingham Ala............. it 40.5 (| Omaha, Nabr. . ..ccoovinnaa.. 36.8 BG.T
Los Angeles, Cal........concvee 161 14.2 || Jorsew CIty, M. Jocoeonnranna 8.8 1.5
Oakland, Cal........co0veeues 11.2 1850 Mewark, N, J. . .ooririaiaan, i1.9 13. 1
Ban Frangiseo, Cal............ I3. 9 15,5 || Batersot, NoJ. . ooovviniiin.. 9.7 7.1
Deanver, Colo.. ... ........... 24.1 Lt o) || g [ i E e R S 19. 0 14. v
Br P 1 TR 2.0 4.0 Bulalo, M. Y ... .cc.......... 2.8 0.4
New Haven, Connl...ouoeaa.. 0. 5 1RO 'New York, M. Y............. 11 11 &
Washington D.C...........: 34,3 2.2 || Bochester, M. X.......c0c... 04 13. 7
T P R e L6 Sl 1-\l Syractas, NoY . 112 23.2
Ceago T . oo oo s em e ot 12, 6 15,7 || Clneinnati, Ohio.............. 13.3 B.&
Indianapolis, Ind. .. .......... 92.3 28.5 || Cleveland, Ohio. . ....ovvnneenn 13.3 17. 8
Londsville, Kv...ooooianaaas 45.0 3L 7 || Columbus, Ohdo........0..... 106 18.1
Mew Orleans, L. ....c.o.o.....} 8.4 3L.5 || Dayton, Ohlo. . .............. i 2.4
Baltimore, Md......... LR 4.0 42.0 ’l‘n]':*.d{r, Ohlo. o... ... InE e 41.7 37.2
Boston, Mass................. 13. 8 11. 3 (| Portland, Omeg............... 250 2.4
Cambridge, Masa, . ._....... 1 Tol 0.5 || Philadelplds, Pa. ..o .ooan. .. 2.3 17.5
Fall River, Mass....... 21.3 1Yl T G et ] ] e 24.6 5.8
Lowell, Muss | 10 19.7 [ Beranton, Pas . oo o evsasasnsan 15 4 145,
Worcesler, Mass. . ............ { 3.4 15.7 || Providenes, B. 1. .....cccc... 11. 4 17. 9
Dol Mich: - . co 0 o] 2. 5 25.0 || Memphiz, Teon.............. 48. 8 7.4
Grand it id=, Mlch......... 7.2 28.3 || Mazhville, Tenm..............| G20 48. 9
Minneapolis, Minn........... 210 58.7 || Richmond, Va.......... ..., | 2.1 21.9
St Paul, Mion. .. ... ... 18. 9 19.5 (| Seattle, Wash__ ... . _...... | 3.8 14.2
Hoanens Clly, Mo . ....c...... 20.3 .4 || Spokane, Wash. ... ......_. 43.2 45. 4
Bt. Louds, Bo..-.............. 16. 2 4.9 ilvwankee, Wis....ooouennees 21.4 45. 7

o —

These 50 registration cities in the United States have an aggregate
population of over 20,000,000, The typhowd death rate in these
cities for 1910 was 25 per 100,000,

-

Deaths
Unit of comparison. Aggregate | per 100,000

—_— e - —

Thirty-three [?Bj:llncipul Eurcpean eities in Russia, Swaden, Norway, Austris-

Hungar many, Denmark, Franee, Belgium, Molland, England, Scot-

TR R T e e R A e e e 31, 500, 000 .5
Firty American eities of 100,000 Inhabitants 0T OVET. .. ......oorreeeerereins 0, 250, 000 5.0
E xcess of deaths, typhold fever in American eities per 100,000 population. ... ... ... .... 18

So that on an average in every 100,000 population we had, com-
pared with European results, 18 deaths and at least 180 cases of
typhoid fever which should never have occurred. A conservative
estimate for 1910 will place the deaths from typhoid fever above
25,000. When we consider that the smaller cities in America have
in general higher rates than the larger, that the rural typhoid is high
and in many sections higher than the urban, that the sections not
included in the registration area sanitary conditions are probably
worse and typhoid fever rates higher than within the area, we are
forced to conclude that a general death rate of 25 is probably below
the actual deaths from typhoid fever per 100,000 population in the
entire United States. -

The excess of 18 deaths per 100,000 in the urban population alone
shows that we have had in the 50 cities mentioned above yearly,

37058°—12—2
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at least, 3,600 deaths, and probably 36,000 cases of typhoid fever
which were preventable and should never have oceurred. For the
whole United States the number of cases for each year preventable
by methods within our grasp would probably reach 175,000, and the
deaths so avoided would total 16,200. In 1909 there were more
cases of typhoid fever in the United States than cases of plague in
India, in spite of the fact that India’s population is two and one-half
times that of the United States.

From January, 1907, to October, 1911, there occurred in Russia
283,684 cases of Asiatic cholera. This included the appalling epi-
demic of 1910. Aeccording to a conservative estimate there occurred
in the United States during the same period one million and a quarter
cases of typhoid fever, or more than four cases of typhoid fever in the
United States for every case of cholera in Russin. We heard a great
deal of the ravages of cholera in Italy in 1910-11, vet in these two
years there occurred in Italy about 16,000 cases of cholera and about
6,000 deaths and in the United States in the same period we had more
than a half million cases of typhoid fever and 50,000 deaths.

We are accustomed to speak of these countries as pest ridden, and a
residence there or even a brief visit is considered with apprehension.
But do we consider the prevalence of typhoid fever in our own
country with sufficient seriousness? These 25,000 deaths annually
do not represent our total loss from typhoid fever. At a conservative
estimate they are accompanied by a quarter of a million of cases of
typhoid fever each year.

These cases represent an average illness for each individual of four
weeks, and probably six or eight weeks enforced abstinence from any
gainful occupation. The economic loss is appalling and, computing
the value of the lives lost to the community, the cost of medieal
attendance and hospital care, the loss of earning capacity for many
weeks, the decreased earning capacity and impaired efficiency due to
sequels, the total loss would reach a sum of not less than $100,000,000
annually.

To understand fully the menace of typhoid fever, one must remem-
ber that it can not be prevented by ordinary personal cleanliness as
typhus fever may be prevented, and is not confined to the poor and
dirty, but reaches all classes.

It is not something we have in childhood and consign to history as
scarlet fever or measles, but a disease which attacks the most robust
adult individuals during the period of their greatest activity and their
greatest economic value to the community. Typhoid fever is a dis-
ease against which the individual is in great measure helpless,! and

| Vaccination against typhoid affords the individoal at least a considerable degree of protection. As
a general messure of protection of the civilian population, it {= not likely to prove practicable, however,
although of immense advantage in protecting military unitsagainst typhoid where compulsory vacelnation
is feasible. I
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protection of the individual can only be effected by sanitary control
of the entire food and drink supply and the sanitary disposal of
human excreta.

It is interesting to note the differences in sanitary conditions
between European and American cities, which may explain the differ-
ence in the typhoid rates. Iigh typhoid rates may be said to depend
upon water, milk, and a third factor—a group of conditions which
facilitates the spread of typhoid fever by contact and [lies. These
latter conditions include overcrowding, lack of sanitary necessities,
and failure to care for human exereta in a safe manner.

The European cities with low typheid rates all have good safe water
supplies. The eity of St. Petersburg has a polluted public water
supply, and it is the only large city in northern Europe with a high
typhoid rate, according to American standards. Whenever water is
a considerable factor in L_'fp!minl fever prevalence the fact is apt to be
apparent from the high rate in the first half of the year.

The following table shows the typhoid fever death rate per 100,000
for the two ]mlves of 1910 in northern European cities whose water
supplies are recognized as safe:

TasLE 5.1
Typhaold fever deaths per | Typhoid fever deaths per
100,000, year 1910 LK, 00N, year 1910,
Citles, Cities.
First hall, | Second hallf, First half, | Second half,
January to July to January to July to
June, Dyecember. June, Derember.

Stockhelm. .. ........ 0. 6 3.0 | Drosden.............. 0.8 3.6
T ] T e .8 2 NERerln s 20 3B
Christianin. ... ..... 2.4 B Homburg .- ... 3.2 5.0
Frankfort....coccvee - 1.2 SR 1 | R 4.6 3.0
Anbwerp. ... .o 2.0 2.6 || Edinbargh.......... . .0
1Ll o e S 2.6 1.6 - -
Lomidotic oo ol 2.4 4.2 AVETRge. ..ol 1.8 2.6
Copenhagen.......... 2.2 5.0

——— = == =—— = = e

It must be borne in mind that these European cities have all had
safe water supplies for many vears. Such good results can not be
expected immediately after the installation of a safe water supply.
The rate for contact typhoid may be abnormally high under certain
conditions, and 1t may be several years before this contact rate drops
to the minimum residual rate which has been attained in these north-
ern European cities.

It is certain, however, that if the water plays no part, and the milk
is not a factor, the contact typhoid fever rate tends to steadily dimin-
ish until & minimum is reached. This minimum rate should not be
above two in the first six months of the vear in European cities. Tt is
evident that with a safe water supply and other conditions as good as
those existing in Germany, the rate from January to June should not
exceed two. In fact, the average for the 13 cities with an aggregate

1 Compiled from Public Health Reports.
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population of 16,000,000 is less than two deaths per 100,000 during
the first half of the year.

Contact infection in fyphoid fever is probably the greatest factor in
perpetuating the disease. Tt does not tend to produce high rates, but
coupled with carriers is responsible for the persistence of the disease
in quiescent periods and from one year to another. Contact infection
is most active in communities where water and milk furnish many
carriers and create many new foci from which the contact infection
operates.

The direct result of control of milk and safe water is to reduce the
number of foei and the number of carriers; as a secondary result in
northerly cities there is a fall in the residual typhoid rate to a point
where it may be barely sufficient to continue the disease from year
to year.

In 1910 in the registration area there were 21 cities with rates of 20
or less. These might be presumed to have safe water supplies, yet
in the first half of the year the rates were abnormally high in some of
these—" our best” cities,

It is difficult to say what should be the minimum winter rate in
American cities due to contact and carriers soon after water and
milk are eliminated as factors in transmissions. After a period of
years it should be no higher than those of the German cities, and
certainly not above 2 deaths per 100,000 provided that adequate
precautions as now taken in German cities be exercised in control of
cases and carriers. Unforfunately some cities with filter plants
suffer from faulty operation. Some use the unfiltered surface water
from a source “usually” safe, but which suffers occasional or dilute
pollution, and practically all suffer more or less from contaminated

millk.

TasLE 6.
Typhoiddever
d&u}jt&l}mm per
100, A=
Character
Citles. Population.| " mﬁ of water
supply.
Jonuary | Entire
to June, | year,
4T a [ o B T (O e e S T S W, 102, 054 1.8 4.9 | Good.
L A R T, TTD 3.6 11.5 | Bafle.
BOTHIN DA (R e e e S e e i e T 120, D00 4.6 16.9 | Safe.
] o T o I e e e MR o G710, 585 4.8 11. 3 | Good.
Rl ERERE - - TR R e s D S 119,295 8.0 150 | Good,
T R e sl 145, G5 f.4 157 | Good.
i TR i T e e s e e Rt 5.6 5.8 | Hafe.
T B e e T, 450 . 8 13.1 | Bale.
S A e e e (T L 7.4 19.7 | Bafe.
L T TR R R e S e et e SR e T (a1 e 7.6 1L6 | Good
BRI I B o v i an s e S e 8.0 7.1 | 8afe.
L T T e S S e e SRR B ] . 103 B2 13.7 | Good.
c A | e SR SR g R T 8. 4 13.7 | Doubtful.
iy .y 2 B || UL N et B Ce 133, D00 0.0 17. 9 | GGood.
T U T R N S S e, B T 0.4 0.5 | Good.
BT s a1 B e s S R 131, 548 8.8 18.1 | Safe.
Dy T L b B s e R S S R e A e S 3, 326 10. 4 17.7 | Good.
T 1T B A S G R e S A S 100, 850 12.0 14.0 | Safe,
OEvebndsOnloy; i e e LI R e Tt 50, 63 15.2 7.9 | Doubtful,
l’hlhdﬂlpillﬂ., D e R e e L 1, 5, DS 19.0 17.5 Fg;l.lliraﬂﬂhs
.
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Bridgeport, Conn.; Fall River, Mass.; Boston, Mass.; Scranton,
Pa.; Worcester, Mass. ; Jersey City, N. J.; and Cineinnati, Ohio, have
rates for the first half of 1910 below 6 and these are the best. We
know that outside of water and shellfish the other factors in the
spread of typhoid are most aetive in warm weather. Therefore if
Philadelphia has a rate of 16, from July to December, the rate from
January to June should be less. As a matter of fact it was greater
in 1910. It is difficult to say how much of this excess of winter and
spring typhoid is due to water, because of the difliculty of excluding
milk. It is true that most milk outbreaks oceur in warm weather,
but they may oceur at any time. A milk epidemic in Boston, April,
1908, raised Boston’s typhoid death rate from January to June to
31.6. Of 179 milk epidemics compiled by Trask,' 147 gave the
month of onset as well as the year. Of these 147 outbreaks, 106
occurred between July and December, and 41, or 27 per cent, oceurred
from January to June. Northern cities with yearly typhoid death
rates below 15 per 100,000 should not have rates from January to
June above 8 if the water supply is above reproach. A rate higher
than 8 might occur in a single year because of contaminated milk, as
in Boston in 1908, or possibly due to some still more unusual factor,
such as shellfish, but this would be unlikely to occur consistently
every yvear for a period of years.

This rate of 8 for the first half of the year is four times the rate of
northern European cities cited above and must be regarded as a
minimum conservative claim for what American rates should be from
January to June.

It is the writer's belief that if the water supplies were made entirely
safe and the milk properly controlled, this rate within a few years
in American cities would not be consistently above 2 in the winter
and spring months, provided proper precautions were taken in the
control of cases and carriers.

In speaking of the responsibility of water, it is intended to include
in the water-supply factor all water from whatever source which may
be used in the corporation. Many cities have a public water supply
which is not patronized by more than 50 to 75 per cent of the citizens,
the remainder depending upon shallow wells or other questionable
sources, For this reason the typhoid records from a eity with a safe
filtered public water supply may show undue prevalence in March,
April, or May because of the large number of people using wells or
contaminated unfiltered surface water.

It is a well-known fact that the efficiency of a filter plant and the
quality of the filtered water depend as much upon careful and intelli-
gent, operation as upon the mechanical perfection of the plant itself.
Slow sand filters are sometimes scraped or cleaned in the winter and

i Hygienic Laboratory Bulletin 56,
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put in service “green’’ because the ripening of the **Schmutzdecke "
18 a slow process in the winter months, or a mechanical filter is oper-
ated with too little coagulant, too short a period for chemiecal action
and sedimentation or other operative defect. These things explain
why, even if we have a “filter plant,” the rate in the winter or spring
months may be higher than normal.

To attain the low rates for typhoid fever which are reported for the
northern European cities seems an ideal difficult of accomplishment
in America. Yet there is no reason why we should not acecomplish
it and go even further toward the complete eradication of the disease.
To approximate the low Kuropean rates necessitates work in four
distinet lines of activity: (1) To secure safe water supply; (2) to
secure safe milk supplies; (3) control of typhoid fever patients and
carriers; (4) to reduce rural typhoid.

The question of safe water supplies will be the principal one dis-
cussed in the following pages. Some mention is made of the prob-
lems of safe milk, control of carriers and patients, and rural typhoid
to show that th& writer is taking up one phase of the problem, the
prevention of water-borne typhoid with a full appreciation of the
work to be done along the other lines of activity. Inasmuch as these
problems are outside the scope of this investigation the mention is
necessarily brief.

Milk plays .a part in explaining the higher American rates for
typhoid fever because of the difference in amounts consumed and
methods of handling. Americans use more milk as a beverage than
Europeans, and in Europe the practice of boiling or heating is almost
universal, partly for sanitary reasons, but more often to prevent
souring of the milk in the absence of ice. It seems that some of the
northern European cities have practically eliminated milk and water
as causative agents and reached the minimum point in residual
typhoid which is just short of complete eradication.

To render milk safe is a more difficult problem in America than in
Europe. The Europeans use less milk as a beverage and usually
boil or heat their milk. The Americans use larger amounts of milk
and have a deep-rooted dislke to boiled milk. The heating of milk
to the degree necessary to kill pathogenic organisms and its prompt
refrigeration seems the only safeguard which can be applied to milk
without materially changing its character, which will afford protec-
tion to the consumer. There are too many ways in which eontami-
nation may reach milk between the cow and the consumer to make
milk inspection effective as a safeguard under existing conditions.
We hear constantly of the efficiency of inspection, and of preventing
further infection by measures taken at the farm, but this is always
accomplished after the milk epidemic has occurred. TIdeal dairy
farms, ideal handling in transit and delivery must and should be
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striven for, but in the meantime the people should be protected by
the means at hand. Inasmuch as we can not depend as yet upon
the individual to protect himself, we must protect him by heating
his milk for him. The milk supply should be considered as a public
utility and should be controlled by municipal authority, as efficiently
as the water supply, for sanitary reasons. This control necessitates
pasteurization or heating for prompt protection of the public. The
heating of milk as a prophylactic measure in the eampaign against
typhoid is comparable to the filtration or treatment of a water sup-
ply exposed to pollution.

If the ideal could be attained, neither procedure would be neces-
sary. Unfortunately the attainment of the ideal of pure milk is as
far removed as the ideal of perfect disposal of all human excrement.
Even if these ideals are attainable, it is a question whether other
measures are not more economical and equally effective.

Without waiting for sewage disposal to protect a water supply the
wise health officer advocates immediate protection to the public by
filtration or treatment of the endangered or polluted supply. In the
same way it is the part of wisdom to heat or boil milk pending the
accomplishment of an ideal, which its most ardent advocates admit
to be far distant. To accentuate what may be accomplished in large
cities by these two measures alone, installation of a safe water supply
and the elimination of the milk factor, the typhoid history of Naples
is interesting.

In Naples the conditions which usually are considered favorable
to the spread of typhoid fever by contact and flies are present in an
exaggerated degree.

The bulk of the poor people who inhabit the ““ bassi” or lowest floor
of the largest tenements, have no closet facilities whatever. Fecal
matter is deposited in the streets, alleys, and along the sea wall, and
only the activity of the street sweepers (spazzini) makes it possible
for pedestrians to avoid actual contact. Urination is praeticed in
all the streets and many of the urinals are simply V-shaped inserts
in walls and the urine trickles over the sidewalk to the gutter. In
the dark ill-ventilated “bassi” the people are crowded together so
that elose personal contaet is unavoidable.

The conditions for spread of typhoid fever by contact are ideal.
Add to this the fact that flies in the poorer quarters are very numerous,
and we have every condition necessary for a high prevalence of
typhoid fever by contact and flies. Yet Naples has had a very low
typhoid-fever rate. In 1909 the typhoid death rate per 100,000 was
9, and in 1908 only 6.5. Why, with such ideal conditions for contact
infection and infection by flies, has Naples such a low rate? Naples
has two things which go far to explain this low rate. The Naples
water supply is safe and, moreover, available free to all the poor
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people. Consequently, there is no incentive to use dangerous shallow
well water. The other fact which has a bearing on the low typhoid-
fewer rate is that there is no milk problem in Naples. The poor do not
use cow’s milk, and many of them use no milk at all. The goats’ milk
used is milked from the goat into the receptacle of the consumer and,
in addition, it is usually boiled before using to prevent spoiling, as the
purchase of ice is beyond the means of the poor. With the class
sufficiently prosperous to have cows' milk the same is true. The
cow is driven through the streets, milked at the door, and the boiling
of the milk in lieu of refrigeration is almost universal. Water and
milk being eliminated, naturally explosive outbreaks are out of the
question. Contact infection and flies have to depend on a chain of
foci due entirely to bad personal hygiene,

The result is that while the factors concerned in the transmission
of typhoid fever by flies and by contact are present, the indirect
effect of water and milk upon these factors by furnishing them new
foci from which to operate is absent. Carriers are few and depending
upon contact and flies alone the residual rate declines to a minimum
barely suflicient to perpetuate the disease.

In regard to control of typhoid-fever patients and carriers, much
remains to be done. In Germany this control has been established
and maintained by regulation and we have attempted to do the same.
Their results have been better largely because of the difference
between German and American character. This control in America
must be effected by popular education rather than by regulation. As
it is largely personal hygiene or family hygiene, the citizen must be
educated to do voluntarily, without compulsion, things which under
compulsion seem to him an infringement upon personal liberty and
rights. This difference in attitude toward sanitary measures between
the German and American necessitates a campaign of popular educa-
tion in America in order to effect that which may be accomplished
in Germany by regulation alone. This mental attitude of the
American citizen toward sanitary regulations must not be considered
a disadvantage. e simply demands demonstration of theories and
facts which the German accepts without question, but once the
demonstration is made and the American convinced, his is no per-
functory compliance, but he lends his aid with vigor and enthusiasm
which yield prompt and lasting results.

The great problem of rural typhoid looms up wherever an investi-
gation of typhoid prevalence is made. With rural typhoid should
be classed the typhoid-fever prevalence of the lumber camps and
iron ranges, where the factors in transmission are apt to be the same.
No one measure promises so much as education in the campaign
against rural typhoid, and this edueation will be followed by the sub-
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stitution of the sanitary privy for the filthy yard privy and the proper
care of the discharges of the sick.

The fly as a factor in typhoid-fever transmission probably plays
a bigger part in the rural districts than in the large cities. Measures
against the fly, attacking his breeding places, should not be depre-
eated, but with sanitary privies and proper treatment of exereta in
the sick room the fly would be rendered a harmless nuisance so far
as typhoid is concerned.

WATER-BORNE AND RESIDUAL TYPHOID.

As pointed out in a previous bulletin,' we must in America divide
our fight against typhoid fever into two parts: (1) Water-borne
typhoid; (2) residual typhoid.

In many American cities we have not completed the first stage,
and some of our largest cities are supplied by unfiltered surface
waters. We must appreciate fully that after the installation of a
safe water supply and the elimination of water-borne typhoid our
real fight begins on the typhoid fever which remains and which
has been variously named “residual,”‘“en{lcmic,” ““contact,” and
“prosodemic” typhoid. This includes infection due to milk, flies,
personal contact, ete,

It is essential that the water-borne typhoid be attacked first for
several reasons. A sewage-polluted water supply is capable of pro-
ducing disaster on a large scale in the shape of an explosive, massive
epidemic. A polluted water supply is not only responsible for the .
cases which occur in the first sudden explosive outbreak, but may
also be responsible for many cases not easily traceable to water, but
which are due to a dilute pollution at the intake.

Water-borne typhoid has other pernicious indirect effects. It
obseures the other factors—carriers, lack of personal hygiene, lack
of control of milk, lack of control of typhoid exereta, ete.—and fur-
nishes suddenly many new foei from which these other factors
operate.

Another strong reason for immediate action in eliminating water-
borne typhoid is that the remedy is comparatively simple and can
be applied promptly.

No single measure in reducing typhoid on a large scale has yet
approached the effect which has been produced in certain northern
cities by substituting a safe for a polluted water supply. As an
instance of this wholesale saving of human life, the reduction of
typhoid fever in Pennsylvania may be cited. Since the installation
of the Pittsburgh plants there has been an annual saving in the city
of Pittsburgh of 400 lives from typhoid fever alone. It is almost

P Hyglenle Laboratory Bulletin No. 77,
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certain that with the elimination of water-borne typhoid the residual
typhoid would tend to slowly decrease at least to a very low point of en-
demic prevalence (in the German eities an average of less than 5 deaths
per 100,000). Installation of safe water f;u'pphes in America has not
always produced such brilliant results, but the failure to reach such
low figures as the Germans have attained is due principally to three
things: (1) Failure to supply pure water to all; (2) imported cases,
usually from communities which are typhoid centers; (3) existence
of insanitary conditions, such as contaminated wells, outdoor privies,
and lack of control over milk and excreta. As an instance of high
rate due to failure to furnish filtered water to all the people, the
experience of Pittsburgh is interesting,

In the State of Pennsylvania the reduction of 1908 over 1907 was
largely due to the installation of water filtration plants in Pittsburgh
and Philadelphia. In 1908 in the entire State of Pennsylvania
there were 1,088 typhoid deaths less than in 1907.  Of this reduetion,
829 less, or 76 per cent of the total reduetion, must be credited to
Pittsburgh, Philadelphia, and Seranton.

Tapre 7—Showing reduction in number of deaths from typhoid fever in the State of
Pennsylvania, 1907-8.

Number of deaths
from typhaoid. Number
s of deaths

less,
17 1908

Eﬂsﬂfmpf'“ HOH ™ 361

mirgh -
Allegheny . } o5 255 3%
Seranion. . 174 14 18
The remainder of the State . . 1,911 1,652 50
Total Stateof Pammaylvanla o i i e \ 3,538 2,450 1,088

In 1909 Pennsylvania effected a further reduetion in typhoid-fever
rate, having the greatest absolute decrease in total typhoid deaths
of any State in the registration area. Pennsylvania's great decrease
in 1909 was largely due to the improved conditions, especially the
filtered water supply in Pittsburgh and Philadelphia. Of the 738
cases absolute reduction of total typhoid deaths in Pennsylvania in
1609, 313 must be credited to reductions in Pittsburgh (125) and
Philadelphia (188), where improved water supplies are now being
used,

The filter plant in Pittsburgh was first put in operation November,
1907. But a small portion of filtered water was supplied at ﬁrﬂt
and this was mixed with the unfiltered supply. The amount of
water filtered was inereased until October, 1908, when the supply of
that part of the city between the rivers, about three-fifths of the
total population, was filtered. The south side, a little less than one-
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fifth of the entire population, was supplied with filtered water in
March, 1909. The former city of Allegheny, recently annexed, is
not yet supplied with filtered water. This part of the city includes a
population of about one-fourth of the entire eity.
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Chart No. 1 shows the remarkable decrease ot typhoid fever in
Pittsburgh progressively coincident with the increase of area sup-
plied with filtered water. In spite of all this remarkable reduetion
two points stand out prominently: First, the rate is still high (1910);
and, second, the seasonal distribution suggests water as a prime fac-
tor. Explanation of these two points is furnished by map No. 1.
After a study of the spot map it is clear that water was responsible

R e g

o F

PITTSBURGH

Mar 1L.—Pitlsburgh, M.  Spats represent deaths from typhoid fever in 1910, Warnds 21, 23 23, 24, 25, 30, and 27 recs
unfiltersd water. Note the greater prevalence of typhold in these wards,

for the high rate, as this high rate was due entirely to the abnormal
rate in wards 21 to 27, inclusive.

Chart No. 2 shows Pittsburgh compared with Cincinnati. The
seasonal prevalence in Pittsburgh suggests water. The very high
peaks in March and December are noticeable in contrast with Cin-
cinnati's ‘“normal” curve,
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CHART 2.— Pittsburgh, Pa., compared with Cincinnati, Ohio, showing the difference in stasonal prevalence.

TavLe 8.—City of Pittsburgh, Pa.!

. : Typhoid =l | - : Typhoid |, ;
Ward No, deaths, | Fopulation. _ Ward Neo. doaths, |Fopulation.
|
R R 3 11,623 | T Rt A 0 (L | 3 20, 141
B L e na L L STl E 1 B (T R e e | 1 20, 533
T 3 TR B e S e | 3 25,213
R 11 T | s o 1 17,994
B 2 e T || L a3 23, 45
G. . 3 R R L] o e e e 2 18, 648
R e e 1 RIS T 11 22 506
.. 0 e T | B R e i b 15,716
A e i e ) | B e r i S R 13 21, T
1 s e 3 Lk | B e R R L] 17, 454
e e 2 L R e T ] 16, (647
T o S| T R e 6 15,701
R P 2 el RN e e e e =] i 15,291
1 e S 1 13,074 || |
| |
! These figures were furnished by the Pitisburgh health department.
pelsel el ool FIEtema.. . e e R e o el RS e 533, 005
o TR T e T I e SO e R i e st e - e 115
Denth rate per 100,000:
Entire city..... 21.3
Wards 1 to20. 13.4




30

Wards 1 to 20 were supplied with filtered water. The aggregate
population of these 20 wards was 401,622, The typhoid fever death
rate per 100,000 in 1910 was 13.4. Wards 21 to 27 comprise the old
city of Allegheny and have a total population of 132,283, This section
received unfiltered water. The typhoid fever death rate per 100,000
in this section in 1910 was 46.9.

The absolute necessity of a safe water supply (and by “‘safe™ a
supply is meant which is safe 365 days in the year) in seeking to rid
ourselves of the odium of water-borne typhoid is obvious. The
installation of such a supply, however, has another powerful effect
upon the typhoid-fever rate. The existence of a pure public water
supply facilitates the elimination of the dangerous shallow well and
filthy yard privy. With a contaminated or unsightly public supply,
a vigorous campaign against the insanitary privy and contaminated
well is extremely difficult.

It is the plain duty of a municipality to provide its citizens with
pure water. It is not sufficient to warn against a supply as danger-
ous and advise its use only for fire, lawn sprinkling, or factory pur-
poses, as at Flint or Saginaw. There are many people in every city
who are like children, and must be protected even against them-
selves. The lazy, poor, and ignorant will drink and use the polluted
public supply from a convenient tap rather than travel a considera-
ble distance to a pump or buy bottled water which they can ill afford.
Neither is it sufficient to have a safe supply for 360 days out of the
year, warning the people to boil the water on the other 5 days. The
notice to boil the water is based on bacteriologie findings which are
24 hours late. The notice is often ineffective in reaching the intelli-
gent and is quite as often ignored by the ignorant. Typhoid fever
contracted by such an ignorant, careless, or lazy individual unfortu-
nately does not stop there, but he becomes a focus from which many
other cases may be derived.

The relation of a sewage-polluted water supply to the typhoid fever
rate was fully discussed in a previous bulletin.! TInstances without
number can be cited showing a remarkable drop in the typhoid-fever
rate synchronous with the substitution of a safe for a contaminated
water supply. It will be unnecessary to add anything further to
prove this point. Still there is an unfair tendency on the part of
some municipal officials to assume that their water supply is safe if
they are fortunate enough to escape big explosive outbreaks easily
traceable to water.

The factors affecting sewage pollution of a water supply and which
determine the relative danger to be anticipated from such pollution
are:

1 Hyglenle Laboratory Bulletin No. 77,
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The amount of polluting material, the presence of pathogenic organ-
isms, the time of transit from the source of pollution to the water-
works intake, and the amount of water available for dilution.

Provided the amount of polluting material is considerable, that
typhoid fever is prevalent on the watershed, and at the time of
transit is within the bounds of time deemed necessary for the natural
death of bacteria, pollution of the intake will take place. The last
factor, the amount of dilution, will determine- the intensity of the
pollution. If the polluting material is great in amount, and if a
swift current cuts down the time of transit prevents sedimentation
and retards dilution, then gross pollution results.

With a dilute pollution one need not expect a great explosive out-
break, but many cases of typhoid may result, especially following
floods and rains. Often in the absence of explosive outbreaks in
the winter or spring months, it will be demonstrable that too many
deaths from typhoid fever occur in the first half of the year. On
the other hand, it is reasonable to suppose that the dilute infeetion
may be responsible for many scattered cases which can not be traced
to water.

These cases may not appear in sufficient numbers in any particu-
lar month to be remarkable or they may be obscured by occur-
ring in the months when typhoid fever is accepted as an inevitable
visitation.

Water may be responsible for many cases of typhoid when it is
impossible to prove the case against it. We are able to fix the guilt
on the water supply only in massive outbreaks of explosive charac-
ter, but smaller doses can be responsible for smaller outbreaks or
many cases spaced over a long period without any hope of proving
this causation.

It seems quite probable that a dilute pollution of a water supply
with typhoid organisms may exert an influence indirectly through
the agency of milk. The very few organisms in the water through
multiplication in the milk may be enormously increased.

THE RELATION BETWEEN TYPHOID FEVER, INFANT MORTALITY, AND
ENTERITIS.

The percentage of total deaths, all ages and eauses, which oceurs
under 1 year of age is a very good index of sanitary conditions. The
relationship between infant mortality and insanitary conditions is
admitted by all. These ‘‘insanitary conditions” include social and
economic conditions dependent upon poverty—the manner of dis-
posal of excreta and the character of the food, milk, and water supply.

It will be found almost invariably that “huﬂ these insanitary
conditions obtain a high infant mortality is coexistent. The same
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factors which increase infant mortality—careless disposal of excreta,
overcrowding, improper care and handling of milk and food, ete.,
also increase the endemic or contact typhoid in the season most
favorable to typhoid, viz, July, August, and September. These
factors are all chargeable to two things—ignorance and poverty.
Tf the householder appreciated the significance of such conditions
and had sufficient money he would move to more favorable environ-
ment. Unfortunately, many of the poor are ignorant of the death-
dealing influences exerted by insanitary conditions, and many more
are unable because of poverty to extricate themselves from their
surroundings.

The infant mortality due to insanitary conditions may be obscured
by undue prevalence of the communicable diseases of childhood—
measles, searlet fever, whooping cough, and diphtheria. The more
reliable method is to talke the deaths from enteritis as an index of
the infant mortality due to insanitary conditions,

In the United States census mortality statistics, under the name of
“ Diarrhea and enteritis,”’* are grouped a number of different entities
of diverse etiology. About 85 per cent of these deaths occur in
children under 2 years of age. The fact that several distinet entities
are included complicates the study of this group, and usually no
attempt is made to separate these entities upon a specific etiologic
basis. It is generally conceded, however, that certain nonspecific
factors bear an etiologic relation to enteritis. At least the presence
of one or more of these factors in marked degree is deemed sufficient
to explain a high rate for enteritis in cities. These nonspecific
etiologic factors may be divided into climatie, racial, social, and

economic.
CLIMATIC INFLUENCES.

The influence of climate upon enteritis is conceded, but the manner
in which this influence is exerted is still in doubt. The enteritis of
children, including cholera infantum, is a summer disease, and if we
exclude water or milk-borne epidemics of specific enteritis 1t should
have a very low prevalence in the months from November fo April.
Naturally because of hot weather the southern cities, with their
longer summer, would be expected to have a higher rate for enteritis
of children. Table No. 9 shows American cities with populations
ranging from 100,000 to 300,000.

—_—

L The word * enteritis® s used for the sake of brewity in the following pages to lndicate the group classl-
fied in the United States censos reports as ©Diarches and enteritis.*
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TapLe 9.—Cities with population from 100,000 to 300,000—Death rate per 100,000—
Enteritis, all ages— Average for eight years, 1901 to 1908.

Citles, Rate Cities, Rate.

&t. Joseph, Mo......... S A T (B o O P R T Pt e 111.3
Cirmaa s B e i e e 5.8 e TH ey, (M S S a S o e e e 116. &
8t. l*uui, M 57.5 || Woreester, Mass. 127.2
Minneapolis, Minn. .. ... .............. 5% 5 || Paterson, S e S 133. 4
Columbns, Oblde. ..o oo 60.9 || Providence, B. I........ B S 150 8
b e e e L i 69 i Bridgeport, Conn. .. ... ... .oao.L. 1561
Kansas City, Mo........cevnnininnnnnn. 64.9 [| Mashville, Tenn......covvviinciinnnnn. 156. 2
T, e L e LT ARt e 165 0

L o g A R B B E A Termer Gl N T i R 164, 4
Todianapolls, Ind o0 o il o | [ v A T o R R S e 176 3
AT e 1 R e e PR e 86.6 || Seranton, Pa. o001 178.2
L g e e e B I oall M, L 271
Memphls, Tenn .. ..cccvceincnmmnnnnanns 101.1 || Fall River, Moss........ 376 5
Grand Rapdds, Mich.................... 103, 1

Tt will be noted that the first 10 cities have rates below 90 and
that every one of these is north of the thirty-eighth parallel of lati-
tude and west of the eighty-third meridian.

It must not be inferred that the low rates in this area are entirely
due to climatic influences. In most of these cities there is an absence
of other factors, racial or economie, which plays its part in the low
rates.

On the other hand, favorable elimatic conditions are not sufficient
to prevent high rates in those northeastern cities, such as Fall River
and Lowell, which possess the other factors, racial, social, or economie,
which make for high snteritis rates. In this class of cities (100,000
to 300,000) the eastern and southern cities, as shown above, have
higher rates than those of the North and West, though probably for
different reasons. The cities in the South have the climatic factor
exaggerated greatly by the length of the summer and comparatively
mild winters. The New England cities have high rates entirely
independent of climate and depending in greatest measure upon
certain economic conditions.

THE RACIAL FACTOR.

Racial characteristics are potent factors for good or ill in the
prevention of infant mortality, although it is difficult to separate
racial from economic influences. The pernicious effect of race is
not great because of the race itself, but rather because the economic
condition of the race is poor, and poverty and ignorance usually go
hand in hand. .

The southern cities suffer most from racial influences. The large
negro population furnishes a very much higher rate per 100,000 for
enteritis than the white population.

37958°—12——3
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Diarrhea and enteritis, number of deaths per 106,000 population.

(RE1LH 1505 108
Cities. ' - !
‘ White. | Colored. | Whike. l Colored. | White. | Colored.
TahIngton, D: O oeieinsomse s siasbin 08, 4 216.1 B0 | 2071 0. 1) 202, 5
Rafimagre: M0 ne s el s e 172.9 143.3 2041 122.0 153.8
Moy Orleans, T .. .. . oo cuiecmnunaass I 161.4 | 218.7 iT6.8 | 294 104, 3 220, 8

These higher rates are due in greatest measure to the insanitary
conditions under which the people live.

HOOIAL AND ECONOMIC CONDITIONS.

This includes the well-known influence of the slums of our large
cities on infant mortality. It also includes the high mortality among
children of working mothers in mill and factory towns. These
conditions are due primarily to poverty and ignorance, and prevail
in greater degree in the foreign quarters and among the negro popula-
tion. The rate to be expected from slum conditions should be in
direct proportion to the size of the city. Owing to the complex
problems involved, this is not always the case, as some of the small
cities have high rates due to other causes than slums. In general,
however, all cities in America above 300,000 population have high
rates. St. Lows, Mo., 1s the only exception.

TapLe 10.—Enteritis, all ages, death rate per 100,000, average for eight years, 15901 lo
1908—Citres with populations of over 300,000,

Cities. Rate. || Cities. Rate,

Pittahrghy, e L L 05, 1 | R e e e 135. 4
Mewr OHeant . L. o euas s e a s asans g N (B T e R e S I 134.7
oy o BT T TR g e e 162. 6 ]l!l.l:w:uukm i R STy Sl L R 128. 56
Bl e s 155. 2 || Detroit, e e e T 1238
l"h]'l:l}dl?iphia | et R R e 144 7 || Cincinmat], Ohdo. . ..ccvvireiinnsimmianns 117. 9
S e S 140. 7 || Boston, Mass. ......... e 115. 4
Cleveland, Obd0. . . ... cooveecvenennnannnn 136.6 || 8t. Luul's R o el e e = Sl 88.1
Wa&hingl-un, e 135.6 |

The high rates in these large cities are not surprising. New York,
because of its size, should head the list, but New York has a very
good water supply, and must give place to Pittsburgh (previous to .
1908), with a polluted water supply, and the southern city of New
Orleans, where the racial and eclimatic factors are accentuated.
Buffalo’s rate is altogether too high, considering its population, but
Buffalo also has suffered from a polluted water supply.

If we could eliminate the enteritis due to water we would have in
these rates a very fair index of the city’s sanitary condition. The
city which is too small to have slums, and which in spite of a good
water supply has a very high enteritis rate, has also in all probability
insanitary conditions which are not essentially different from the
slums of the large cities, at least in their effect upon infant mortality.
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The enteritis rate for the smaller cities (less than 100,000) is even
more accurate as an index of sanitary conditions, il we exclude water-
borne enteritis. Table No. 11 shows the average rate for five years
(1904-1908) for enteritis in cities with populations between 50,000
and 100,000. These may be divided conveniently into three classes:
The first 15 have rates from 50 to 100; the second 15 have rates from
100 to 150; the third group of 13 have rates ranging from 164.7 in
Schenectady, N. Y., to 342.3 in Charleston, S. C.

TasLe 11.—FEnferitis, all ages, death rate per 100,000 tn cilies with a population from
S0,000 Lo 100,000,

Citles, Rate, |‘ Cltbes. I Raie,
|

Canton, Ohio H0.9 || Tohnatowm, Pa... .. -vviviiiicrvnnminns 1226
Lincoln, Nebr 6.0 || Bouth Bond, Ind. .. .....ooiniiinnnnnnns | 128.7
Baginaw, Mich. ............cceanaa.. .. T R e N N | 13387
Cov E }; 65 || Allentown, Pa......... IR e I 134.9
Harrisburg, F'a b5 | e A L 135.8
Bt T o S R TR Pawtmekat, T TaC. .o o 137.1
Somerville, Mass. .. ... ... . ... i [ o1 T et e 145. 7
R T 77.4 || Wilkes Barre, Pa...................... 147
Lo 1 oo B e e e e e 82.3 || Schensctady, M. ¥ ..o iiiananas 164. 7
B field, Mass, 87.8 || Youngstown, Dhio. . .....coiiiiiiannnss 186. 5
Altoona, Pa. .. .. 9.6 || Btiabeth, 3. J. .. ...l 101.7
L;'un,ﬂm..... .4 || Monchestar, M. H. ... ... ... 105. 8
%pr' T e e e 95.3 || Holyoke, Ma8S.-............oonnsraneens 1908
erre Haute, Ind....... B Tombwrs 0 - 008 CE N ) T
Hartford, Conn....... o7 Waterbury, Conn o0 o cac iy amanae] 217.9
T U 1 B R A A TG | 001 ]| Depmmard F o e s e 724 G
Witmington, Del. 2.0 110 01T IS Paseadd e Tt s . 230, 7
ey Lo e e SR R B R SR e 112 Lawrenee, MBsS. . ...voiincivennsannsecs] 257.1
Camden, N. T 113.9 || New Bedford, Mass.....................l 2578
Bk PR o e i S 1168 || Ban Antonde, Tex.......cc0cccivinnna s, 3
BwaEnRh N 119 Charlestom; 80 T it i 3423
b | R e e e 1218 1

e e o E - —

The first group of 15, with rates below 100, contains no eity from the
country south of the thirty-eighth parallel of latitude. Some eastern
cities are in this group. They are not “mill” towns, however, but
cities of quite a different type, as Somerville, Mass., Hartford, Conn.,
and Harrisburg, Pa.

The second group has cities from all sections. The rates 100 to
150 are too high for eities of this size, and an intensive study of con-
ditions will show the special reason or reasons in each case.

Duluth’s rate of 103 is higher than one would expect. St. Paul
and Minneapolis have rates below 60; considering it climatically,
Duluth should be no higher. There is no negro factor to raise the
rate, but there is quite a large foreign population. South Bend, like
Duluth, has very much higher rates than cities in the surrounding
territory. Wilmington, Del., Savannah, Ga., and Mobile, Ala., have
rates no higher than might be expected with the largenegro population.
The excessive rates in Group 3 are best explained by the insanitary
conditions, maternal neglect, ignorance, and poverty of mill and fac-
tory towns. The last two eities are southern cities, and the explana-
tion of their high rates is probably to be found in climatic and racial
influences.
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During this investigation of cities in the drainage basin of the
Great Lakes, the writer was struck with the high rates for diarrhea
and enteritis in some northern cities coincident with absence of
slums and a polluted water supply, and the close relation existing
between the rates for enteritis and typhoid fever. The following
table shows 12 New York cities. The first 4 have good water sup-
plies, good sanitary conditions, and low rates for both typhoid and
enteritis. The second 4 have good water supplies, low typhoid rate,
bad sanitary conditions (mill and factory towns), and high enteritis
rates. The last group of 4 have polluted water supplies, fair to good
sanitary conditions, high typhoid-fever rates, and high enteritis rates.

TaeLe 12,
T'yphoid Death rate
"1‘&':‘;3.‘3‘.3 Character | enteritis,
E,._ e for | OF woter | average for Remarks,
]E?ﬁri supply. | 5 vears,
! s, 1041908,
1900- 19,
émﬂheaw .............. 13 ; gﬁ Iﬁg
AU L L e PR 14 B . -
Albany o.9|  Good, 80.0 ]5”‘““’-‘ CADORT Rl
Binghameton. .......... 0.9 Good. M. 7
lé]"}hl:ﬁ ..... T 17.3 f: im, 133 7 i
meclady....... . ... | 224 i 3 16 7 : 5
Amsterdam ... 18,6 Good, 150, 7 |{Mili and factory towns.
] T R | 85 Good. 207.7 |
B 814 | Polluted, 170.9 |
Miagara Falls ... _...._. 1EL 1 | Polluted. 173.2 |IMill and factory towns—sanitary condi-
Ogdensburg.. .. ___ ... .} 145.5 | Polluted. 175.0 tions, exclusive of water, good,
Bl s s i 7.0 | Polluted. | 151. 6

- — = e == ——

A similar relation between typhoid and enteritis was found in cer-
tain Michigan cities, although these coincidently high rates were not
always associated with a polluted water supply.

The Michigan rates are for diarrhea and enteritis under 2 years,
instead of for all ages.

Tasre 13.— Michigan cities, population from 12,000 to 50,000—Average deaths ;m:r
100,000 for six years, 1905-1910. '

Cities. Typhold. | Enteritis, Water suppiy.,

1on 5Tl | e e e e 136.0 185.0 | Polluted,
Eault Ste, Mare. . ............ 523 134. 6 | Good.
S P TR E e e e e e e 46,7 1626 | Polloted
by | R e s e R TR s e 43.5 124. 5 | Droubitful
1die H e T T e e R R e e S 42,0 786 | Polluted
Lol SR A e A A S e S s R s 3.0 63,0 | Polluted
b e G L | BEAEC R R S e 42,0 53.5 | Polluted
B s s e T e 37.1 56.3 | Polluted

e B e e L S R 33.3 56.6 oo,
Battle L 1.3 44.0 | Doulstful
BT R T e S e A A .5 0.0 | Good,
I e e e e 2.3 45.5 | Good,
Ry S T 4.7 80,8 | Doubthal.
L T e e e S e T e 4.6 42.0 | Wells safe, river pollutad,
Lo 3 e S e e gt e T S 24. 5 4.0 | Gomd,
R s e T 2.1 18.6 | Gogl,
L S R e .5 48.0 | Giood,
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This table shows that in every instance, except Traverse City, a
typhoid-fever rate above 40 was accompanied by an enteritis rate
above 60. This is a high rate for these cities, considering climatie,
racial, and social-economic conditions, as this rate is for enteritis
under 2 years only. On the other hand, the cities with good water
supplies had low rates for typhoid fever and enteritis, except Sault
Ste. Marie, which will be referred to later.

Enteritis or diarrhea in children as a fatal disease may be expec ted
to be excessively prevalent in large cities with slum districts and a
large foreign population. The same excessive prevalence may be
expected in so-called mill towns, where the mothers are employed
in the mills and child negleet is common. Under these conditions
the mortality among poor children is very great, but it is almost
entirely in the period from July to October.

The relation between enteritis in children and typhoid fever
can not be said to be clear. Certain facts, however, stand out
prominently in studying the statistics. In cities which are too
small to have slums and which have abnormally high typhoid-fever
rates there is also an excessive mortality from enteritis and diarrhea
in children under 2 years of age. Cities of the same class with low
typhoid rates have comparatively low rates for enteritis and diarrhea
of ehildren,

The seasonal prevalence of enteritis also closely follows that of
typhoid. If the excessive typhoid in these cities is due to water,
then we have a high enteritis rate not only in the summer and autumn,
but also in the winter and spring months. If the typhoid is inde-
pendent of the water supply, then the enteritis rate, like that of
typhoid, will be high in the regular season from July to October
and low during the remainder of the year.

Instead of one disease designated under several different names
we are probably considering several diseases with common factors
of transmission. Whatever the real relation between typhoid fever
and enteritis or diarrhea of children may be, one fact is clear, the
same causes operate to cause excessive prevalence of both. It is
probable that cases of typhoid in children under 2 years in many
cities are often incorrectly diagnosed as enteritis. It must be
remembered, however, that the causative agent of bacillary dysentery
is transmitted in the same way and by the same media as that of
typhoid. There are too many cases of fatal illness in children under
2 years classed as diarrhea and enteritis, and an exhaustive investiga-
tion should be made to establish the real cause of death in enteritis
and diarrhea of children. Without such an investigation it is
impossible to assign the real cause of the excessive child mortality
from diarrhea and enteritis. In cities of less than 50,000 population
without slums and which- are not “mill” towns an enteritis rate
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in children under 2 years above 100 deaths per 100,000 indicates
prevalence of an acute intestinal disease preventable by the same
measures which prevent typhoid fever. It is probable that in such
cities proper enforcement of prophylactic measures against typhoid
fever would reduce the enteritis rate below 40 deaths per 100,000,
Enforcement of prophylactic measures would include the installation
of pure water supplies and proper sewerage systems, coupled with a
vigorous campaign against the insanitary outdoor privy and the
equally dangerous shallow well.

THE SIGNIFICANCE OF TYFHOID FEVER FROM AN INTERSTATE
STANDPOINT.

The prevention of the spread of typhoid fever from one State to
another is necessary to reduce the prevalence of typhoid fever in
cities and States, so that the prevention of typhoid fever is a national
problem and a local or State problem as well. The careless pollution
by sewage in one State by town A of a stream used as a water supply
without filtration in another State by town B is an illustration of
interstate spread of typhoid fever which is common enough. In
such an instance the town A polluting the stream insists that the
town B below protect itself by filtering its water supply; B insists
that the town A above should render its sewage inocuous before
discharge into the stream.  As a matter of fact, both may be indicated,
and both of these great agencies for preventing water-borne typhoid
may be necessary. It is difficult for these communities to adjust
their differences and decide to just what point sewage purification
must be carried at A in order that too great a strain and too great a
responsibility may not be placed on the filter plant at B. This is
clearly an interstate matter and should be decided by a Federal
authority acting under Federal law.

The significance of polluted water supplies in large industrial
centers from an interstate standpoint is enormous. Trains and
steamboats take their water supplies at such points and this polluted
water is drunk by the passengers throughout the trip. Common
carriers in interstate commerce also contribute to the spread of
typhoid in interstate traffic by failure to have their railroad trains
and steamboats provided with retention tanks for excreta. Human
excreta may in this way be deposited in streams used as water sup-
plies or in lake water in the vicinity of waterworks intakes.

Excessive prevalence of typhoid fever in any city which by reason
of its commercial or industrial importance attracts large numbers
of visitors has an important bearing upon the spread of typhoid
from one State to another. The same is true of other cities which
because of great natural advantages, the beauty of their surroundings,
or other reasons attract thousands of tourists and visitors from other
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States. For these reasons the prevalence of typhoid and the
character of the water supplies in cities like Pittsburgh and Detroit,
Niagara Falls, or Mackinac Island become a matter of serious moment
from an interstate standpoint. The excessive prevalence of typhoid
fever for years in Niagara Falls and Pittsburgh was not only a matter
of local or even State concern, but a grave national danger as well.

During the five years 1904-1908, inclusive, the Michigan State
Board of Health traced the origin of 663 outbreaks of typhoid fever
in all parts of the State. While the figures were compiled in order
to compare urban and rural communities as places of origin for the
spread of typhoid, the results throw an interesting sidelight on the
spread of typhoid fever from one State to another. The outbreaks
traced were all in Michigan, and the figures do not show the spread
from Michigan cities to other States, but reciprocity in this respect
is probably the rule. The Michigan statistics show that many out-
breaks were traceable to Chicago, Toledo, and Indiana eities, and
occasionally to Pittsburgh, Buffalo, Philadelphia, and Washington.
The following table shows the number of times responsibility for
outbreaks was placed:

TarLe 14,
. | Percentage
Times ty-
Origin of Infection. phoid was | ©f total
infroduced. iical
T S H e e e e R e T e i B A i 11.8
S e R a0 4.7
i [ e e B e L e e a4
R T T e B e L P 28 20.0
T R e e e e e 21 3
L Batam =" 0 n e a0
e e o S e e e e e 11 1.6
Other Michigan commundtes. . . o i e e fe R 303 59.3
3 AV e T e o Do BB e st iy e B S DL 8 B R 663 L. 00

To summarize briefly, 20 per cent of the new outbreaks were traced
to other States, and generally to large cities, such as Chicago or
Toledo. Nearly 12 per cent of the outbreaks investigated were
traced to infection in Grand Rapids.

Grand Rapids is only one-fourth the size of Detroit, and vet the
number of times typhoid was introduced into other localities from the
former city was two and one-half times that of Detroit. The influ-
ence of Grand Rapids in spreading the disease to other States can be
inferred, as the distance from Grand Rapids to Wisconsin, Illinois,
or Indiana is not much greater than the distance from Grand Rapids
to points in Michigan to which the infection was carried from Grand
Rapids. Tt is disheartening to combat typhoid fever in a restricted
area which is being fed constantly by streams of typhoid carriers and
patients from other communities.
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In typhoid fever we have what has been called a national disgrace
and what undoubtedly constitutes a national problem. Tits wide-
spread prevalence demands a concentration of effort, a eoordination
of all governmental forces and a simultaneous concerted action
throughout the entire country directed for the sake of uniformity by
a central Federal authority.

THE DUTY OF MUNICIPALITIES TO FURNISH SAFE WATER WITHOUT
DELAY.

When ecities have a public water supply polluted by sewage or
admittedly exposed to pollution the obvious thing to do is to filter
or treat the water and promptly protect the publie from infection.
Unfortunately there is a deplorable tendency to censure the town
above and to spend years in an effort to compel (usually without legal
process) sewage purification in the offending munieipality. In other
cities where the pollution is due to their own sewage years are lost in
discussion of methods of sewage purification, while the dangerous
untreated and unfiltered water is furnished to the citizens.

Two results may be attained by treatment of sewage: (1) The
putrescible material may be changed to more or less stable constitu-
ents so that the effluent is stable or nonputrescible, thus obviating
nuisance; (2) the bacterial content may be reduced and the patho-
genie bacteria eliminated, so that the effluent will not be a factor in
the transmission of disease. Sometimes sewage purification methods
effect both these results. Sometimes necessity demands only the
avoidance of nuisance. Af other times where there is ample dilution
available no nuisance can result, and the only necessary object is to
secure an eflluent which is not dangerous to health as a carrier of
pathogenic bacteria.

Contact beds, sprinkling filters, and many other more or less com-
plicated and expensive processes were devised primarily to avoid
nuisance by charring or oxidizing the putrescible material in sewage,
so that the effluent could be discharged into some watercourse with-
out causing an offense to the senses. Various kinds of septic tanks
were devised to effect the same result in another way, viz, by making
use of the anwrobic bacteria for getting rid of at least a portion of the
solid matter by digestion—and carrying out the putrefactive changes
in the tank, hoping to get a stable effluent. The amount of sludge
digestion in septic tanks ' and the character of their effluents have
been a disappointment, but these methods, and especially the oxida-
tion processes effected by sprinkling filters, are useful and often nec-

1 The ITmhofl or Emscher tank has disiinet adventages over the ordinary septic tanks. The Tmhoff is 3
#doulbie decker,' combining an upper compariment which serves as an ordinary sedimentation basin for
the fresh sewage, and a lower compartmgnt in which the solids depesited by sedimentation are held for
septic action. 1t has all the advantages of 4 septic tank without its disadvantages, Momeover, the sludge
which is drawn from the septic compartment dries more easily, 1s less offensive, and is handled with less
trouble than ordinary septic sludgo.
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essary to prepare sewage effluents for discharge into streams with
small flow to avoid nuisance and preserve fish life. From the stand-
point of transmission of disease it must be remembered that these
processes do not render the effluent safe, and although the putrescible
material is reduced or removed the bacterial count remains high.

In considering sewage purification in cities on the Great Lakes or
- their connecting rivers, the question of preventing nuisance is not
difficult of solution. It is estimated that a stream flow of 3 to 7
cubie feet per second will eare for the sewage of 1,000 persons without
nuisance, or that a dilution of 15 to 20 times the quantity of sewage
discharged will be sufficient to obviate nuisance.

In view of the enormous quantity of water available for dilution,
the only objeet to be obtained in the Lake cities by sewage-disposal
plants is to obtain an effluent which does not endanger the public
health by transmission of pathogenic organisms.

For public-health protection on such large bodies of water as the
Great Lakes and their connecting rivers, simpler measures of sewage
treatment will suffice than are necessary where avoidance of nuisance
is a factor. These measures will consist of sereening, sedimentation,
and disinfection of the effluent. The combination of these measures
to be employed, the size of the sereens, the length of time of sedi-
mentation, the degree of disinfection required, and other details will
vary according to local conditions.

Disposal of sewage by dilution is the cheapest known means, and
where this method ean be employed without detriment to the water
supplies or danger to the health of other communities the exaction
of more complicated and expensive methods is searcely justifiable,

The point to which this method of disposal may be permitted must
be determined by local conditions. There is an urgent need in the
United States for official standards of drinking water. These should
fix the permissible number of bacteria in both raw and filtered or
treated water. It is not the purpose of this bulletin to discuss such
standards, but it may be suggested tentatively that the bacterial
count in raw water from the Great Lakes at the intakes should not
exceed 5,000 per cubie centimeter at any time and should not average
above 1,000. Filtered or treated water should not contain more
than 100 organisms per cubic centimeter at any time, and the average
should be 20 or under.

In view of the faet that bacterial counts may be low in a compara-
tively dangerous water, and sometimes a high count might be found
in water containing no evidence of fecal bacteria, the eolon estimation
is of primary importance in judging the character of a raw water.
There should be standards for the permissible colon content of raw
water. These should be fixed after careful study of the ability of
filter plants and other processes to remove colon bacilli and other
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fecal bacteria. These standards for raw water and for filtered orr
treated water would enable us to sirike a balance between sewage
purification and treatment of water, and to determine the degree off
sewage purification necessary to assure a raw water of reasonable
quality at a given point.

With fixed standards for raw water the disinfection of a sewage:
effluent with hypochlorite may be necessary only part of the time.
The addition of 10 parts of available chlorine per million may be:
necessary to sterilize a sewage effluent or even to remove above 99
per cent of the B. coli, yet 2 parts per million may remove about 90)
per cent of the B. coli, and coupled with other factors may be suffi-
cient purification to furnish a good raw water. Instances will be:
found as at Rochester, N. Y., where simple screening, slight sedi-
mentation, and discharge a mile or moyre from shore through multiples
outlets in deep water will apparently suffice. In all such instancess
the right must be reserved by the authority granting the permit to
require further purification when necessary by lengthening the times
of sedimentation, disinfection of the eflluent, and other details..
Similar standards to these tentatively suggested, if officially indorsed,,
could be used as a basis for determining to what extent disposal byy
dilution is permissible. Municipalities would be unwise if they failed!
to avail themselves of dilution as a means of sewage disposal, pro—
vided such use of streams or lakes did not endanger the water suppliess
or affect the publie health of other communities.

In regard to sewage disposal it must be remembered that no
general rule can be formulated which will cover with justice everyr
case. KEach municipality becomes a separate problem, and locall
conditions must be studied. Remedies for correction of improperr
sewage disposal will differ according to the local conditions. Tt iss
safe to assume in a general way that no erude sewage should be dis-
charged into Lake Erie, or perhaps the southern end of Lake Michi-
gan, because of shallow depth and exposure to wind action. The|
same conditions do not exist on the other lakes, and different remedies:
may suffice. Even in Lake Erie, the kind of purification and the:|
extent to which it must be carried will differ aceording to loecal con-
ditions. Even if all the sewage from our large cities and towns wass
prevented from reaching the Lakes, it would be impossible to prevent:
pollution from entering the lake in times of storm and flood, so that
sewage disposal even carried to the degree of sterilizing the effluent!
does not give us a substitute for water filtration or treatment. While:
it is impracticable to prevent pollution of the Great Lakes, it is pos--
sible and imperatively necessary that such pollution be controlled!
and kept within safe bounds. Tt would be inadvisable from an eco--
nomic¢ standpoint not to avail ourselves of the cheapest and simplest:
method of sewage disposal, viz, disposal by dilution, provided that
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this may be done without danger to the water supplies of other
communities and without putting an unreasonable burden and exces-
sive responsibility upon the filter plants of those communities. In
general, it is cheaper to treat drinking water than to purify sewage.
The economic side of the question must be considered. How far is
it necessary to carry the treatment of sewage as an adjunct to water
purification? The balance between these two powerful agencies in
the protection of the public health must be struck, and, as intimated
above, this must be done separately for each loeal problem, and no
definite rule for the relation of these agencies can be made.

Simple justice would demand that sewage purification at A should
be carried far enough so that the raw water at B's intake would be
reasonably good. On the other hand, B is not absolved from the
duty of protecting its citizens by filtering or treating its water supply
by the fact that sewage purification should be effected at A. Fur-
ther, the installation of a filter plant or other device for rendering the
public water supply safe at B does not justify the unrestrained dis-
charge of untreated sewage by B which would produce for itself, or
other cities, a raw water of a dangerous character.

For impartial treatment of all conflicting interests concerned in
sewage pollution of interstate waters, the control of pollution and
the power to prevent the passing of the boundary of permissible
pollution should be defined by law. This would insure a minimum
requirement of safety, leaving to the States, precisely as in quarantine
law, the power to impose additional restrictions upon municipalities
within the State boundaries.

These sewage problems are often difficult of solution, present. great
engineering difficulties, and necessitate the expenditure of large sums
of money. This means that much time must elapse before the proper
method is selected, and a great deal more time will pass before the
works are completed. In the end, though necessary, the sewage
purification does not remove all pollution, and treatment of the water
supply is still a necessity after the sewage-disposal plant is in opera-
tion. Omn the other hand, the dangerous public water supply is a
simpler problem. Immediate protection ean be afforded by treating
with ‘“‘hypochlorite,” using a temporary plant until the method to
be finally adopted is decided upon. In a word, there is every excuse
for deliberation and reasonable delay in settling the sewage-disposal
problems, while there is no excuse for any municipal government to
delay in applying the remedy which protects immediately, viz, treat-
ment or filtration of the publie water supply. Sewage-disposal meas-
ures for improving the quality of the raw water for preventing its
deterioration or for other reasons may be undertaken when necessary
and feasible,






II. LAKE SUPERIOR AND ST. MARYS RIVER.

The drainage area of Lake Superior in United States territory
comprises part of northern Minnesota and Wisconsin and about half
of northern Michigan. The watershed is narrow and the streams
short and unimportant, with the exception of the St. Louis River.
The rural population is very small and scattered and a negligible
quantity in the the question of lake pollution. There are no com-
munities on the watershed of more than 10,000 population, except
Duluth, Superior, Ashland, Marquette, and Sault Ste. Marie. These
cities are distributed along a coast line of more than 350 miles.
Obviously under these conditions sewage pollution can have only
local effect with Lake Superior’s great depth and enormous volume
of water,

The only cities in close proximity to each other are Duluth, Minn.,
and Superior, Wis. The others are so situated that each constitutes
a purely local problem. _

Sault Ste. Marie presents slightly different features, being situated
on the St. Marys River, a very rapidly flowing stream. Even here
sewage pollution from Sault Ste. Marie can not be considered s
menace. It travels through a long streteh of rapidly flowing river,
passes a series of natural sedimentation basins, and finally passes
through Detour Passage into Lake Huron. Through the entire route
no towns or cities are met with, and the ultimate disposal into the
great, deep Lake Huron effectually cares for any lingering traces of
pollution which might persist to this point.

The water of Lake Superior is of excellent quality and safe for
drinking purposes if it can be drawn from a point beyond the zone
of pollution which surrounds the water front of each of these cities.
Even here, however, the zone of pollution varies with the effects of
storm and flood and of winds and currents, so that to be sure every
day in the year of being outside of the ever-changing boundary of this
polluted zone it would be necessary to go considerable distances from
shore. In this deep lake the placing of such an intake would often
present engineering difficulties and necessitate expenditures which
would be in excess of the cost of other methods of rendering the water
safe. There are other special features of Lake Superior water.
Because of its great depth, the wind action disturbs the bottom often
only a short distance offshore, and turbidity is avoidable most of the
time with deaply placed intakes. This sugzests that treatment other

(45)
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than filtration would in some instances fulfill every sanitary indica-
tion by destroying the pathogenic organisms, the water in itself being
palatable and clear. The hypochlorite method of treating water
would be very useful with such waters. There is said to be very
little organic matter in the deep lake water, however, and careful
supervision would be necessary to avoid overdosing with the hypo-
chlorite. The dearth of organic matter and the clearness of the
water sugeest the use here of the ultra-violet rays for sterilization,
especially where electric power is available and cheap.

This method of sterilization or disinfection of water is in the
experimental stage, but the small quantity of colloidal maferial and
the clearness of the water suggest possibilities for this method with
the water of Lake Superior. Further experimentation is necessary
to show whether the cost of installation and maintenance is less or
ereater than other methods. The same is true of ozonization. The
possibility that the usual preliminary treatment might be unnecessary
in Lake Superior and the existence of abundant electric power
suggest possibilities for this method also.

DULTTH.

Duluth had a population in 1910 of 78,466. Its harbor, owing to
natural and artificial advantages, is one of the most important on
the Lakes. Duluth, by reason of its fine harbor facilities and posi-
tion, has always been regarded as a metropolis in embryo. Its
commercial and industrial development has been slower than anfici-
pated by many, but is steady, nevertheless, and Duluth is now one
of the most important ports in lake traffie.

SEWER SYSTEM.

The sewer system of Duluth is of the combined type. The outfalls
discharge into the St. Louis Bay, the harbor, and Lake Superior. (See
map No. 2.) There are 5 large sewer outfalls discharging into St.
Louis Bay, 3 into Duluth IMarbor, and 12 into the lake from the
harbor entrance to Lester River, a distance of about 4 miles. There
is a so-called septic tank on the east side of Lester River, but no
sewer outfalls exist beyond this point, which is a little less than 5
miles from the waterworks intake.

The steep grade from the water's edge to the high ground behind
Duluth retarded the growth of Duluth except along the water front.
As a result, Duluth is situated on a long and narrow strip of land and
extends for about 15 miles along the shore of St. Louis Bay and Lake
Superior. _

To pick up these various sewer outlets with an intercepting sewer
would be a difficult engineering feat, because of its length and the
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flat grade. Unless pumping was resorted to, several stations would
be necessary in disposing of Duluth’s sewage.

Sewer construction in Duluth is also costly, because excavation is
usually through rock. Considering the difficulties and the cost,
Duluth is one of the cities where sewage disposal other than by simple
dilution should not be required, unless absolutely essential for the
protection of the public health. Sewer extension and also extension
of water mains have been retarded by the cost of construction through
rock, and even where the city sewers and water mains are available,
often the property owner finds the cost of connection excessive
largely as a result of the underlying rock. There are far too many
privies in use in Duluth.

WATERWORKS,

The intake of the Duluth waterworks is 9 miles northeast of the
harbor entrance and 1,500 feet offshore in a 75-foot depth. The
intake is 15 feet above the lake bottom and 60 feet below the lake
surface.

The water is taken through a 60-inch steel pipe to the pump well
and from thence pumped by electric pumps to the various reservoirs
because of the different levels from which the water must be distrib-
uted. Their storage capacity is not sufficient to be considered a
factor in purifying the water. There is no filtration or other treat-
ment of the water. The water is said to be free from turbidity at all
times, even when the flood waters of the St. Louis may be seen on the
lake surface over the intake. The great depth is pointed to as the
explanation of this lack of turbidity. Ordinary wave action does not
disturb the lake bottom in the 75-foot depth. Only rarely do the
stained and muddy flood waters reach over the intake, and possibly
at these times there is some turbidity, or the flood water may be car-
ried away by surface currents before sufficient sedimentation has
taken place to be apparent in the intake water.

Analyses have been made of the public supply and seem to show a
good potable water. Analyses made by the local bacteriologist
showed the presence of B. coli July 19 in the West Duluth reservoir
and on July 25 in the Thirty-fourth Avenue east reservoir.

The presumptive test for B. coli was probably used.

On July 24 a sample was examined by the Wisconsin State Labora-
tory, at Madison, Wis., with the following result:

Number of bacteria per cubic centimeter in gelatin, 18.

No liquefiers were found among the organisms, the bacteria found being of the com-
mon water t}'P-E.

Glucose fermentation tubes—1 c. c., no growth; 10 ¢, e., growth in open arm only;
10 c. c., growth, with production of 15 per cent gas. The gas formula was apparently
all hydrogen,

The organisms found were not of the colon type.
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On the basis of the analysis made, it appears that the water sample is of good qualityy
and shows no signs of contamination with sewage water. The water can accordd-
ingly be regarded without suspicion.

On July 26 a sample from the Thirty-fourth Avenue reservoir wass
found negative for B. eoli by the local bacteriologist. On September:
12 a sample was examined at the Wisconsin State Laboratories and!
reported on September 20, 1911, to the Duluth Water Commission by
Prof. Russell, as follows:

The sample of water submitted by you for analysis was received in good conditiom
September 12 and shows the following conditions upon examination:
Number of bacteria per cubic centimeter in
gelatin, incubated for 48 hours.............90.
Character of bacteriafound._ ... . ... .. .. Ordinary water organisms.
Glucose fermentation tubes:
No growth in 0.1 ¢. e.
10 per cent gas in 1 ¢. ¢.
18 per cent gas in 10 ¢. e. -
Litmus lactose agarplates. ... ocicaennn. fi colonies, 2 of which were acid- formmgg

types.
Character of organisms isolated from acid colonies does not indicate same to be of femll
type.

The above conditions are substantially similar to those which have oceurred in pre--
vious analyses, in which there has heen the development of gas in glucose fermentas-|
tion tubes. The character of the organisms isolated therefrom does not appear to bee
of the colon or fecal type, and while the presence of such organisms is indicative of thes|
introduction of land drainage, there are no indications that such pollution can b&‘m
traced to sewage origin. -

These results are inconclusive; gas formers in glucose fermentatiom
tubes and acid formers on litmus lactose agar plates were found by
both bacteriologists. The loeal bacteriologist interpreted this to
mean the presence of B. coli; Prof. Russell that “*the character off
the organisms isolated from acid colonies does not indicate same toy
be of fecal type,” and later *‘while the presence of such organisms is in--
dicative of the introduction of land drainage, there are no indica--
tions that such pollution can be traced to sewage origin.”

The analyses of which I was able to obtain copies were made at the
most favorable season of the year when weather conditions make:
pollution of the intake unlikely, g

I
POSSIBILITY OF POLLUTION AT THE INTAKE. |
{
i

Pollution of the Duluth intake may take place from two sources::
First, the so-called shore pollution or washings of the land surface dur--
ing and after heavy rains; and, second, the sewage of Duluth itself, The:
pollution following heavy rains forms a zone along the shore line
which reaches at times beyond the intake. Under normal conditionss
this shore pollution would be disposed of by surface currents in shal--
low water along the shore without involving the lower stratum of!
water about the intake 60 feet below the surface and 1,500 feet off--
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shore. At times, however, northeast gales pile up the water at
Duluth. In spite of continuance of the gale, the water does not rise
more than a few feet. The enormous volume of water being driven
inshore by a surface current with the wind is carried back by an
undertow which prevents the rise beyond 2 or 3 feet at first and soon
equalizes the lake level, the water line dropping to normal. This under-
tow during the first hours of its operation carries the polluted surface
water near shore down with it over the intake even at a depth of 60
feet. That this actually takes place is strongly supported by a series
of observations made by the engineer at the waterworks. He keeps
close record of the temperature of the water on the lake surface and
in the well as it comes from the intake.

It was noted that when a northeast gale began to blow, the tem-
perature of the surface water was 12° higher than the temperature of
the intake water. As the gale continued the temperature of the
intake water increased till it reached the temperature of the surface
water. The enormous mass of surface water driven inshore could
not find its way back in the face of the gale, but returned as an under-
current, passing over the intake, which at such times receives surface
water. During the first few hours this surface water is from the pol-
luted zone near shore; later it is the surface water driven in from the
lake by the force of the wind. This undercurrent, which undoubt-
edly operates at times, makes possible the pollution of the intake
provided sewage pollution exists in the surface water near the intake.
This pollution of the surface water near the intake may be due to
washing of the land surface during and after heavy rains and to cur-
rents which carry sewage from Duluth’s outfalls toward the water
intake.

In considering pollution from surface washings, it must be remem-
bered that this is a “quick spilling” country, with steep grades for
the water courses, and rock very near the surface. The surface wash-
ings of the whole countryside are quickly carried to the lake without
opportunity for the action of the natural agencies of purification.
The country behind the intake is suburban and settling up rapidly.
That portion of Duluth between Lester River and the intake has no
sewers, but the pollution from cesspools and privies is washed
quickly into the lake. Pollution from Duluth’s sewers may reach
the vicinity of the intake. There are 12 outlets outside the harbor
entrance, one of them less than 5 miles from the intake. The dis-
charge of St. Louis Bay and Duluth Harbor, polluted by the sewage
of Duluth and Superior and the pollution carried down by the St.
Louis River, is about 9 miles from the intake. The main discharge of
this polluted water is through the entrance to Duluth Harbor, although
Superior antry carries its quota to the lake,

370958°—12——4
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The currents in the harbor entrance, or Duluth Canal, vary according
to the oscillations of the lake level, the direction and velocity of the
wind, and the stage of water in the St. Louis River. Occasionally a
velocity of 6 miles per hour is reached. The duration of such a cur-
rent depends upon the amplitude of the oscillation in the lake, and is
therefore the length of time necessary to fill or empty the harbor to the
level of the lake. Ordinary surface currents due to wind could easily
carry sewage pollution 4 or 5 miles to the vicinity of the intake.

During floods in the St. Louis River there are outward currents
through the canal of 4 to 7 miles per hour continuing for several days.
Such floods oceur only once in four or five years, but at such times the
flood water is projected far out into the lake, and its presence is indi-
cated by its distinetive color. It is possible also that pollution from
as great a distance as 10 miles (from within the harbor) may be car-
ried to the intake by an undercurrent.

In estimating the effect of this undercurrent it is necessary to con-
sider separately that portion of Lake Superior which lies west of the
Apostle Islands.  This is a body of water comparatively long and
narrow with a general direction for its long axis from northeast to
southwest. It is roughly a triangle, with Duluth and Superior in the
apex. The base line from Point Detour to Baptism River would be
about 30 miles across, and from base to apex measures about 60 miles,

Into this triangular area, northeast gules drive the surface water
toward the apex at Duluth. The rising of the water at Duluth to an
abnormal height at such times is only prevented by the powerful
undercurrent, which carries the water back toward the principal por-
tion of the lake. With this undercurrent operating, the contents of
Duluth Harbor and St. Louis Bay would be carried out toward the
lake and replaced by lake water brought in by the surface current.
A portion of the polluted harbor contents would necessarily pass over
the intake diluted by the purer lake water. The amount of dilution
which would take place is problematical,

The triangle is 10 miles wide outside the harbor entrance and widens
gradually to 30 miles at the base; at the intake it is 14 miles from
shore to shore. The depth also increases from 20 feet to 180 at the
intake line and to 800 to 900 before the base line is reached. This
increase in width and depth enormously increases the area of the cross
section, increases dilution, and slows the velocity of the current,

The depths given on lake survey charts indicate that the deep chan-
nel is on the intake side of this triangular body of water. The contour
lines on Map 3 show that the current on this side would have greater
velocity and that the bulk of the water is returned to the lake on the
intake side. With a sudden emptying of the Duluth Harbor, the bulk
of the polluted water would pass on the intake side of the triangle
toward the lake, and moreover would be earried more rapidly on this
side than on the shallower side.
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TYFHOID FEVER IN DULUTH.

Duluth has had an abnormally high typhoid-fever rate for many-
years. From 1888 to 1895 the death rate per 100,000 ranged from
above 300 in 1888 to 160 in 1895, and only once was it below 100,,
namely, in 1892, when it was 89, A study of the deaths by months:
during this period showed that the rise began in August in 1888, in,
September in 1889, 1891, and 1892, and in October in 1893,

In 1890 there was an explosive outbreak with 250 cases and 30!
deaths in December, probably due to a polluted water supply. Up:
to this time the water supply was taken from the lake at a point 4501
feet from the foot of Fifteenth Avenue East in 25 feet of water. This:
intake was exposed to gross pollution from near-by sewers. Previous:
to the 1890 outbreak the intake pipe was broken and the sewage-pol--
luted shore water was pumped. To remedy these conditions anew 20-.
inch intake pipe was laid 684 feet from shore in 59 feet of water, and a.
dam placed to prevent pollution of the intake at the foot of Fifteenth
Avenue by the Fourteenth Avenue sewer. No explosive outbreaks:
occurred in 1891, 1892, or 1893, although the rate continued high. In
1894 the dam was removed and an outbreak of 300 cases occurred in
December. This was repeated in December, 1895, when an explosive:
outbreak occurred with nearly 1,500 cases. The dam was replaced in
January, 1896,

Lower rates prevailed until 1899, when, with the rapid growth of the
city, it became evident that further changes were necessary to protect
the water supply from sewage contamination. Since 1900 the city
has been supplied by water from the new intake, which is 1,500 feet
offshore, 60 feet below the lake surface, and more than 4 miles from
the nearest sewer.

TanLe 15.—Duluth, Minn., health office records.

Typhoid fever deaths per 100,000. | rpitad
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Table 15 shows the typhoid death rate per 100,000, by years, from
1901 to 1910. The local health office records are somewhat lower than
the records taken from the United States census reports. The local
records give also the death rate for residents and nonresidents. Some
of these nonresidents may have contracted the disease in Duluth, but
all persons whose permanent residence was not in Duluth were
classed as nonresidents. This classification into residents and non-
residents changes what appears to be a very bad record into merely
a high rate,

Chart No. 3 shows the total typhoid death rate in Duluth and also
the resident rate, for 10 years, 1901-1910, taken from the records of
the local health office. Duluth is charged with a typhoid death rate
per 100,000 (average for 10 years) of 52.1.  As a matterof fact, accord-
ing to the local records, over 42 per cent of Duluth’s typhoid for
10 years has been imported from outside. Duluth does not suffer
alone in this regard. Other northern cities on Lake Superior and Lake
Michigan have large numbers of lumberjacks and miners brought into
the hospitals for treatment. Some hospitals sell tickets to miners and
lumbermen, while others have contracts with large mining and lumber
companies to care for their sick. Even taking this fact into considera-
tion and subtracting the imported cases, the remaining resident rate
is much too high for a eity with the natural advantages of Duluth.

CAUSES OF DULUTH'S TYPHOID,

It 1s reasonable to suppose that the importation of typhoid from the
iron ranges into Duluth is a factor in inereasing Duluth's resident rate.
During the past 10 years 72 per cent of nonresident deaths from
typhoid in Duluth occurred between July and December. Nearly
all are hospital cases and are said to have their excreta disinfected.

In 1910 an unusually large number of nonresidents died of typhoid,
and of these 88 per cent died from August to December. Theinfluence
of imported cases would be exerted on typhoid prevalence from July
to December, rather than from January to June. Chart No. 4 shows
a very high rate—40.5 average for 10 years from July to December,
The rate for 10 years from January to June (18.4) is also high, but in
just proportion to the high rate in the second half of the year.

The persistence through contact may explain some of the excessive
prevalence of typhoid in January, February, March, or April in
Duluth, although such outbreaks are usually due to polluted water
or milk.
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TasLe 16.—Duluth, Minn., nonresident deaths, typhoid fever.
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TaprLe 17.—Duluth, Minn., resident deaths, typhoid fever.
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Table No. 16 shows the nonresident deaths by months. Table 17
shows the resident deaths by months. In the latter table an exces-
sive prevalence in January, February, March, and April is noticeable
in 1903, 1904, 1907, and in April, May, and June, 1909. In 1903 the
the preceding months (November and December, 1902) had a high
typhoid rate. Excessive rates in November and December, 1903, may
well explain the unusual prevalence in January, February, March, and
April, 1904.  There was an unusual prevalence in October, November,
and December, 1906, and it is not strange that January, February,
and March, 1907, should have high rates also. In 1909 an excess is
noticeable in April, May, and June. It is signifieant that 4 non-
resident cases died in Duluth in March, 1909.

In 1905 and 1906 the prevalence in January, February, March,
and April was low, and it will be noted that the preceding Decembers
had very lowrates. In December, 1908, there were no deaths reported
in Duluth, and January, February, and March, 1909, had no deaths
among residents.

Judged from the records furnished by the commissioner of health,
imported cases are responsible for over 40 per eent of Duluth’s gross
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typhoid. This leaves an average rate during the past 10 years among
Duluth residents of 30 deaths per 100,000 per annum. The seasonal
prevalence curve for Duluth made from resident deaths is not con-
sistently high in the winter and spring months. In certain years—
1903, 1904, 1907, and 1909 there was an excess in the rate for these
months, but such excess could have been explained by imported cases
and persistence through contact from an unusually high rate in the
November or December preceding. It would seem, therefore, that
the public water supply must have played a very subordinate role
in the transmission of typhoidfever in Duluth during the past 10 years.
That contact plays a very important role is further supported by
the prevalence in the poorer districts. Seventy-one cases reported
from August to December, 1910, had the following distribution:

Estimated | Number {":““Tr“le'
p-npululi:m..‘ of enses, ltle

Pest dlstrict, east of Lake AVENUE... ... .v.eeennrrnreemeaneeaneseasnnes| 40, 000 15 a7
Socond best district, wost of theore docks. . ... ... o iiiiiiiannnrnss 5. 000 22 83
Poor district, between the ore docks and Lake Avenue....ccvvesnnane- 2, 100 a0 150
Worst distriet, in the vicinity of Park Point... ... ccccoeiniinnieanases 200 & 250

In regard to sanitary conditions 41 of the cases had outdoor privies
and only 30 had inside flush closets. The water supply was as follows:

e e R S T ST e e Sl ST e L i1
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This does not necessarily incriminate the city water, but does tend
to exclude wells and springs as a potent factor. The 71 patients
gave the following history in regard to milk:

[Use of milk:

Dby e K S L L e S IR e e e number. . 10
P e st e PR S S LT R T e AL R e do2 Ll S
BT A e [ R R EERE R S B do.... 33
Coffee and cereal and asa beverage.......ccccuveevccccncaccnncane.odo.... B
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While the above table does not point strongly to milk as a factor,
and the control of milk in Duluth is above the average for American
cities, the table showing incidence by ages is striking:
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It is often stated that excessive prevalence of typhoid in children:
under 10 suggests milk as the ageney of transmission. Tt is doubt--
less true that infected milk will take its heaviest toll from the young:
children; on the other hand, children, especially in the poorer dis--
tricts, are ideal subjects for contact infection, and may have a high:
incidence independent of the agency of milk. During the warm sea--
son in the insanitary districts with outdoor privies flies probably-
play a part in transmission.

It is undeniable that the water supply of Duluth from the present
intake is infinitely superior to the old one and has prevented many
cases of typhoid fever. That it is an absolutely safe supply is quite
another matter. As shown above, it is exposed to pollution under
certain storm conditions. That the pollution is dilute prevents explo-
sive outhreaks; occurring probably at rare intervals, it may cause a
number of cases which can never be traced to water with certainty.

HOW TO DETERMINE THE NECESSITY FOR SAFEGUARDS.

The prevailing storms on Lake Superior are from the northwest
and the northeast. A gale from the northeast is one of the necessary
factors in sewage pollution of Duluth’s intake. The prevailing wind
direction at Duluth is northeast from February to October,

The velocity of this northeast wind has been as high as 78 miles
per hour (September, 1881) and has been as high as 58 and 60 in April
and May. The amount of sewage dilution is large and the distance
from the nearest sewers is over 4 miles. On the other hand the
amount of pollution added daily by Duluth and Superior is con-
siderable and growing progressively greater every year.

Unfortunately the Duluth water supply has not been examined
frequently. The water company has examinations made about once
a month, and the local board of health has examinations made occa-
sionally. To settle definitely the question of sewage pollution of
Duluth’s intake will necessitate daily examinations with careful
quantitative colon estimations, for a long period, preferably an entire
year, during which at least one prolonged northeast gale occurs.

Duluth resembles Detroit in having selected an excellent site for
its intake, and one from which the best available raw water can be
secured. It is the duty of municipalities to furnish a safe water
every day in the year and every day during a period of several years.
There is a strong probability that Duluth’s intake may receive a
dilute sewage pollution at rather rare intervals. At any rafe the
possibility exists. The amount of dilution makes it unlikely that a
massive explosive outbreak will occur, but occasionally cases may be
due to the water, although the origin is difficult to trace.

The only way to definitely determine the necessity for treatment
or filtration is by the daily examinations for a long period referred
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to above. In such cases the greatest care should be exercised in the
quantitative estimation of B. coli. The bacterial counts are of minor
importance. These are often low in lake waters, and altogether too
much dependence has been placed in this fact. In Prof. Russell's
examination given above, the count on gelatin incubated for 48 hours
was only 90, vet 1 ¢. ¢. produced gas in glucose fermentation tubes.
On litmus lactose agar plates out of 6 organisms, 2 were of the acid
forming type, which, however, Prof. Russell attributed to land drain-
‘age rather than sewage pollution. The present method of monthly
examinations will never settle the question with any degree of
certainty.

It is likely at the present time that some treatment or filtration of
the water will be found necessary at certain fimes of the year. It is
certain that such treatment or filtration will be more urgently needed
as the eities at the mouth of the St. Louis grow.

BAFEGUARDS WHICH MAY BE AFPPLIED.

Probably the cheapest method will be the addition of hypochlo-
rite. This will have to be carefully done under expert supervision.
There is so little organic matter that overdosing might easily occur,
which though not a serious accident, would result in imparting a
decided taste and odor to the water and cause complaints from the
consumers. The lack of turbidity and comparative freedom from
organic or colloid material make possible the use here of two other
methods in addition to the wvarious methods of filtration, namely,
ozonization and disinfection with ultra-violet rays.

Ozonization has been tried and found effective when proper pre-
liminary treatment was used. This preliminary treatment added to
the expense, and ozonization has therefore not become popular. It
is possible that ozonization might be applicable economically at
Duluth because preliminary treatment of the clear Lake Superior
water would seem unnecessary.

The use of the ultra-violet rays for water disinfection is still in the
experimental stage. Its economic use necessitates a clear, raw water
with dearth of colloid material. The Lake Superior water fulfills
these indications practically all the time. In view of these conditions
and the existence of abundant electric power at Duluth, successful
practical application of the ultra-violet rays to Duluth’s water
problem is a possibility.

The first thing to determine is the necessity for filtration or treat-
ment. This can be done by the daily examination of the water for
a long period. If such necessity is shown to exist, the selection of a
remedy should be made by competent engineers after an intensive
study of local conditions. The question is not solely one of securing
a safe water at all times, but the method applied should be the one
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which will secure this result with the least cost to the community.
The various methods of filtration would of course be considered, and
the other methods spoken of above are only mentioned because of
the possibility of their successful application with low cost.

SUPERIOR.

Superior, Wis., is a rapidly growing city with a splendid harbor,
separated from Duluth by the St. Louis River and Bay. In 1890 it
had a population of about 12,000, which inecreased in 10 years
to 31,000. The population in 1910 was 40,384,

SEEWER SYSTEM.

The sewers of Superior empty by 12 outlets as follows: Five into
St. Louis Bay, 6 into Superior Bay, and 1 into the Nemadji River.
The sewers are of the combined type and have a total length of about
55 miles. There is no treatment of sewage. (See map 2.) Only
about 60 per cent of the population have access to sewers, and the
remaining 40 per cent depend upon privies, many of them of a most

insanitary character.
WATER SUPPLY.

The Superior water supply is controlled by a private corporation,
the Superior Water, Light & Power Co. The first intake was from
Tower Bay Slip. Sewage pollution forced its removal to a point 2
miles southeast in the bay. The growth along the water front and
increasing pollution forced the abandonment of this intake also.
In 1889 the present water company took charge and in 1891 built the
present plant. In 1900 tliis plant was enlarged to its present capacity.
The 24-inch intake pipe at first extended 4,350 feet under the polluted
water of thé bay, 600 feet across Minnesota Point and 1,800 feet out
into the lake. (See map 2.) A glance at the map will show the
position of the intake between the two harbor entrances, 4 miles
from the Duluth entry, and only 1} miles from the Superior entry.
Sewage pollution occurred, and the lake supply after being used for
5 years was given up in 1897. A system of wells was installed on
Minnesota Point. Eighty wells were jetted to depths of about 40
feet: these were all connected with a header, each well being sep-
arated from the header by a nipple and gate. They were connected
to the old 24-inch intake which formerly supplied lake water and
carried it across under the polluted bay water. The lake water was
shut off by a gate which might be opened in case of emergency, per-
mitting lake water to be pumped. The new water was a disappoint-
ment on account of color and high iron content. A plant was designed
to primarily overcome these defects. The plant was similar in design
to those in use in Far Rockaway, Long Island, and other places. In
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these plants thorough aeration and the removal of the carbonic acid
were the essential features. Such treatment chemically changed the
iron from a soluble to an insoluble state, or, in other words, oxidized
the iron. The Superior plant essentially consists of an aerating
device, three covered concrete filters, each 67 by 107 feet, together
with a regulating chamber and clear-water reservoir holding 350,000
gallons.

The present engineer in charge, Mr. Lounsbury, has demonstrated
that the wells are too far from the lake to get a free flow in winter
and that wells under the lake will yield an iron-free water abundant
in quality and bacteriologically pure. Such wells are to be con-
structed and added to the system. Analyses of the water have been
made daily since 1906. These seldom show counts above 5 per e. e,
on gelatin, and frequently show a sterile water.

The only water problem in Superior is the existence of many wells.
Forty per cent of the population depend upon wells. The public
supply, though safe, reaches only 60 per cent of the people. Many
of the shallow wells were found to be contaminated by Dr. Bulkley
and he found some of the deep ones in 1907 to be contaminated
because of defective casing and entry of surface pollution. There
are 30 of these deep wells which were driven by the municipality.

The following synopsis of analyses shows the excellent character
of the Superior water supply. These were furnished by Mr. W. C.
Lounsbury, general superintendent of the company.

RAW WATEH.

In 37 months, from June 1, 1908, to July 1, 1911, 194 samples gave
an average count of 12 per e. ¢., with a maximun of 400 (only two
samples giving counts above 100) and a minimum of 0 (occurring
15 times). Gas was present 9 times in 194 samples of 1 ¢. ¢. each in
dextrose broth and 21 times in 235 samples of 10 ¢. ¢. each.’

FILTERED WATER.

In 37 months, from June 1, 1908, to July 1, 1911, 192 samples gave
an average count of 4 per c¢. ¢., with a maximum of 100 and a mini-
mum of 0 (occurring 26 times). (Gas was present twice in 180
samples of 1 ¢. ¢. each, in dextrose broth, and 13 times in 236 samples
of 10 e. ¢. each. :

The seasonal distribution of enteritis also indicates that the water
supply is pure. The table No. 18 shows the number of cases by
months for five years, 1906 to 1910.
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TaBLE 18.— Deaths marked -.;'Jtm',em infantum, Superior, Wis.
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TYPHOID FEVER IN SUPERIOR.

Chart 5 shows the annual death rate per 100,000 for typhoid fever:
from 1902 to 1910. The rate has been continuously high with the:
exception of 1908, and in 1906 and 1910 the rate was 93 and 80,,
respectively.

Table 19 shows the typhoid deaths by months, 1902 to 1910,,
except 1905, for which figures were not available. Only one year,,
1906, suggests water-borne typhoid by an excessive rate in January,,
February, March, and April. Tt is known that the intake pipe was:
broken by the dragging anchor of a large vessel about October 20,

1905.
TaprLe 19.— Typhoid fever deaths, by months, Superior, Wis.

|
o 1 | o =
R [ 1 | .3 . E x
- B 3 | e -]
YT, | g E = | = s I g 2 E E
15 |2 |8 |E|EB| & |5 (2 [5]|%
[ & & | S| |8 BE &8 pE
| e | =5, s = 7 ]
1002, A | 4 ol | (R, L ERR T 1 al
1903, . : gt o] 3 2 1 1 1 8 ] 1 o
1904, . ; 1 1 1] 1 ol = (T (e 2 1 a 1
iﬁl. ) b orr | FR s | | (ST | IS [ el et N e
1004, , A [ T o T 142 1 1 2 2 3 14|
1907 i | St 0 ol b | T B o & 1
190 | RS T Bt e liond) mRed 3 | AR 1
1900, , : 1| 1 2 | P ey B EE s el 2 2 2 1
1910. . i S 2 | s WenE R 5 k| N 7 6
1011 1 3 0l 1| Fcaiigle e () SRR R
TR | P 3 A | .
1 Mot available, * Milk outhreak.

The pipe was repaired and the mains flushed, and the water was then
considered safe.  An excessive number of deaths began to appear in
the typhoid records following this. I was unable to secure typhoid
deaths by months for 1905, but January, February, March, and April,
1906, indicate an extensive outbreak. At this time and formerly it
was the custom to leave the gate valve (which kept the lake water:
out of the intake pipe) partially open, in order that it could be opened
easily in freezing weather, in case of fire or scarcity of water. This
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CHART 5—The high rates for typhoid fever in Superior in 1906 and 1910 are
notiveable, The monthly distribution of cases suggests that the 1906 ont-

break was water-borne, while that of 1910 was due to other canses. (See
table of deaths by months.)
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permitted a small amount of lake water to be pumped. The freezing
of the lake sand and the shallow water near shore often cut down the
amount of water available from the wells, so that the valve was
opened and lake water taken in.

Tt is said that recently lake water has not been used, and since 1906
there is no indication that typhoid fever has been caused by the publiy
water supply.

In the autumn of 1906 there was a well-marked outbreak whiel
was definitely traced to milk. The excessive prevalence in 1910 was
due to high rates in August, September, October, November, and
December. In this outbreak the public water supply played no partt
The control of milk in Superior is inadequate, and milk may have
been responsible for some cases. There are hundreds of insanitarn
yard privies even in the sewered section, and formerly there wers
numbers of shacks with no closet facilities whatever. East of thy
Nemadji River the people depend entirely on privies. There are sal«
to be many contaminated wells, and Dr. Bulkley found some of thu
city wells in 1907 to be contaminated by surface pollution. Sodi
pollution is particularly serious in Superior by reason of the clay
soil.

There are some imported cases brought in for treatment as in other
northern towns. The conditions for a high rate, due to contact anu
flies, exist in Superior. Lack of control over the milk supply is als:
prominent, so that in spite of a safe public water supply the ratt
remains high. For betterment of conditions the commissioner «
health should have authority to enforce the health ordinances withow
consulting the council. e should inaugurate a vigorous campaig:
against the insanitary privy and contaminated wells, and their elimy
ination ought to be effected as rapidly as the sewer and water system
can be extended., A proper control of milk with a bacteriologics
standard should be established and maintained.

The insanitary conditions in Superior are indicated by the increass
in tuberculosis. However, progressive citizens have organized
public welfare association which has taken hold of the tuberculosi
problem and are about to turn their attention to typhoid feven
They will be able to do a great deal of educational work through the:

trained nurses to prevent contact infection by educating the peopl
in the care of the excreta of typhoid patients.

WASHBIUTRN.

On the west shore of Chequamegon Bay, opposite Ashland,
situated the town of Washburn with a population of about 3,800
Only 20 per cent of these have access to sewers, which discharge b
one outlet into the bay,
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The water supply is taken from the bay and delivered unfiltered.
The daily consumption is about 400,000 gallons, and there is a reser-
voir affording storage for about three days’ supply (1,200,000 gallons).

ASHLAND,

Ashland, Wis., has a population of about 11,500 and is situated on
(Chequamagon Bay. It owes its commercial importance to iron and

£ Wi 0E R

MaF 4.—Ashland, Wis., showing relation of the sewer outfalls to the intake pipe.

lumber, although the lumber industry, as in other towns in this region,
has declined. Besides the lumber and ore docks there are several
large coal docks.

There are about 7 miles of sewers in Ashland discharging by two
outlets, one (20-inch) at the foot of Beaser Avenue, the other (24-inch)
at the foot of Stuntz Avenue. About three-fifths of the population
are tributary to these sewers, but about 5,000 people still depend upon
privies.

37058° —12——5



A: wiise —Tv WATERWORKS,

72 LT B L il S 7 E T TR P R The waterworks intake:
422 consists of a 24-inch pipe:
s extending 5,000 feet north--
e ward from Twelfth Avenue:
& East into the bay, terminat--
L] | ing in a 22-foot depth. This,

| pipe has been broken, and

L] | water was really taken from.
a point about 2,000 feet off--

:L shore in 18 feei of water.
E The sewage from the 24-inch .

o sewer has to travel about.
= | T 2,000 feet in a straight line:
e northwest to clear the Wis--
poel 4 consin  Central ore dock.
2 From this point an addi-
j tional 2,000 feet carried it to.
the broken intake pipe or:

Lsze 4,000 feet carried it to the:
original intake. In either:

j event pollution was una-
Lz voidable. This fact was rec-
=y ognized and a filter plant.

1 | has been in operation in
= e Ashland for years. The
Ll Ashland filter plant is of
# the slow sand type and con-
B i sists of three beds, each

having one-sixth of an acre

= of surface. The beds are

o [ ‘ below the lake level and

" receive the water by gravity.

The daily consumption is

said by the water company

f to be 1,200,000 gallons.

| | This is a low rate of con-

: sumption per capita for an

s o ! American ecity, but even

%Jq’ this would require the filters

L) to be worked at the rate of

\ 2,400,000 gallons per acre

Gl LY daily, continuously, with-
out rest.

CuART 6.—The epidemic of 1910 in Ashland, Wis., was T -
dug primarily, in all probability, to polluied water It ca without saying

and poor efficiency of the filter plant, that much higher rates of
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filtration are maintained at times. When the filters clog, at least one
bed must be put out of commission and the rate for the other two cor-
respondingly increased. With the high rates of filtration necessary in
summer to meet the increased consumption, the filters clog more fre-
quently and necessitate very frequent cleaning. Even worse than the
high rates and frequent cleaning of the midsummer period is the result
of cleaning in winter, because of lack of an extra unit the ““ green” filter
must be put in operation immediately after cleaning, in spite of the
fact that filters “ripen” slowly in cold weather. There is a sub-
sidiary supply of artesian water, said to be about 150,000 gallons
daily. There is no storage reservoir and consequently no possibility
of taking advantage of periods of low consumption to accumulate and
store water. To meet the fluctuations of consumption in the absence
of a storage reservoir, very high rates have been maintained, espe-
cially when this demand came where one of the units was out of
service. Bacterial counts are only occasionally made—not over
twice a month. Ninety-five per cent of the population depend on the
public water supply.

TasLe 20.— Typhoid fever deaths, Ashland, Wis.!

e

| : £ | o iy
- | X & i : .
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Total by months, | r
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| |

1 8ix months only.

The typhoid-fever death rate in Ashland has been very high at
times and in 1910 reached its highest point, with the staggering total
of 35 deaths, or at the rate of 315 deaths per 100,000. There had been
trouble in January, but another explosion came in June and con-
tinued till January, 1911. The filters had given the usual troubles,
both from frequent cleaning due to high rates and growths in the
early summer and fo cleaning in the cold weather without being able
to hold the unit out of service until the bed was ripe and safe for
service.

Chart No. 6 shows the typhoid death rate per 100,000 per annum
by months during 1910.

1 Furnished by the State Board of Flealth of Wisconsin.
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THE EEWEENAW PENINSTULA.

The Keweenaw Peninsula, including the copper country, consists
of the counties of Houghton and Keweenaw. There are several large
communities in Houghton County, viz:

Calumet township, exclusive of Lawrence and Red Jacket. .. ......._ . . 20, 097
T T et e A e e e B e o et L il 8, 537
B dackal willage . oo r i d s Bk e e A DA T SR 4,211
HAReS el Y . o v el s S et e TE R ER RIS TR SN 8, 0581
Bonphton ¥lage. . . . . oo s i e T Whouh, g N MDY e - 5,113

Keeweenaw County has no towns or villages of importance.

The sewage from these mining communities drains into Torch Lake,
Portage Lake, or into the connecting waters between Portage Lake
and Lake Superior. No sewage goes into Lake Superior direct,
although the sewage from one sewer in Calumet Township is dis-
charged after sand filtration into a creek tributary to Lake Superior.

The water supply is derived as follows:

|

| Popa- Water supply "

I i Aaticsll u!p-- ’ Character of water.

= PRI S - Y

Clumet Powmhlp: o oo St s 0,097 | Lake Superior..... Uncontaminated,
RIS - e s e et et L e s S 8,080 |..... | et Iy,
EC Ty || e s T b M e S P R ) B [ T THE R LR Tho,
Houghton. ...... B 5113 | Bprings. i ... Do,

Typhoid-fever death rates per 100,000 have been high at times in
these communities; the following table was made from the available
records of the Michigan State Board of Health.

Tasre 21.
Eight cities of northern Michigan with populations of from 8,000
to 15,000.

Typhoid-fever death rate per 100,000 population; average for 20 years: Escanaba,
Menominee, Ironwood, Sault Ste. Marie, Marquette, Negaunee, Iron Mountain,
Ishpeming—68.,

Eight cities of southern Michigan, populations 8,000 to 15,000.

Typhoid fever death rate per 100,000 population; average for 20 years: Adrian,
Alpena, Ann Arbor, Holland, Manistee, Traverse City, Benton Harbor, Owosso—28.1,

Typhoid-fever death rates per 100,000 per annum.

Average J
! 16 years. i 1906 ‘ 1907 RE1: 1845 1930
Calumet Township, exclusive of Lawrence and Toed : | i | |
Jaokek. oo oooiiis Ry S e L 0. 4 56| 438 ¢ 15 s P
el DOt s R e B e e ) 30.1 2.4 133 62.3| 625 | 48
EFTT T AR Tl R e e Frpphelmms 2o | 7] o | I A

Since 1907, Hancock has had a rate consistently high; the deaths
were nearly all in August, September, and October. The water sup-
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plies of these communities are probably uncontaminated, but high
rates occasionally prevail because of other factors, especially from
August to November. Many factors have been suggested as respon-
sible for the unusually high rates which prevail at times in the mining
country of northern Michigan. In many instances these high rates
seem to be independent of water supply. Attention has been called
to the fact that in newly settled communities there is likely to be
careless disposal of human excreta. In these towns the percentage
of foreigners is high and their ideas of personal hygiene are often
crude. In this eountry there is a small rural population but a great
crowding together of many persons in communities too small to
have the hygienic public utilities of large cities. Such conditions
favor a high rate due to contact and flies.

Hancock more than doubled its population in 10 years, and this
fact in 1tself has an important bearing upon the increase in typhoid-
fever rates in recent years.

In most of these northern peninsula towns the contaminated
water supply was a potent factor in the high typhoid rate. In some
other towns water from the publie supply has not been a large factor,
and this is true of the towns on the Keweenaw Peninsula. The rates
for Hancock, Laurium, Calumet, and Houghton have not been as
high as Escanaba or towns with polluted water supplies in the north,
but their rates have been much higher than cities with good water
supplies in the southern peninsula, largely because of the existence of
factors which increase the rate due to contact.

MARQUETTE.!

Marquette had a population of 11,500 in 1910. Its sewage is dis-
charged by seven outlets in to theharbor. (Seemap 5.) Three-fourths
of the population are tributary to the sewers. The sewage travels
from 3,000 to 4,000 feet from the sewer outfalls to the end of the break-
water and from this point a little more than 3,000 feet to the water-
works intake.

WATER SYSTEM.

The intake pipe of the Marquette waterworks extends 700 feet
from shore and terminates in about 23 feet of water. Here as in other
lake cities it was supposed that the current protected the intake and
that the current was consistently from north to south, along the shore.
The fallacy of this belief is shown by the explosive outbreaks and
frequent finding of sewage contamination in the water. Samples
were examined either at Ann Arbor or at the State board of health
laboratory at Lansing, Mich.

!In order to secure typhoid fever deaths by months the data were taken from the state records in
Michigan, Wisconsin, and other states. These do not always eoincide exactly with Census Bureau fig-
ures, but the discrepancy Is generally slight,
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Summary of tests of samples of waler for five years.

- = . — — e e o — —— e

Esa.rnph-a : Ssll.m]:dm Hmnphﬁ Total
12 monihs ending— meported  [slightly con-]  roporle

- good. taminated. | ansafe. samnples.
L B e T LM e e e 11 | P e 12
LA R T RS el i S e e B S P e e 6 B e S [}
b R, R e e e e ! 4 2 15
ST G e D SR e Sy e R e A e e 9 4 2 15
e T U L [y B R R T e B RO 2 R e R 3 3 4 10

Shortly after the installation of the plant of the Pioneer Iron Co,
an odor and taste of ereosote was noticeable in the public water supply.
This cansed muech complaint, and an investigation was made in 1904
by Prof. Koenig, of HHoughton, Mich. The investigation showed that
the waste matter from the iron company’s stills was responsible for
the ecreosote *“contamination” of the public water supply. IHe
gave reasons showing why the ereosote should be kept out of the water
“not because it is direetly injurious to health, but because it affects
the imagination and therefore indirectly aets upon the gastric and
other nerves which latter command or direct digestion.” Not a
word abouts.the sewage pollution which was a direct menace to health.
The professor concludes “The Pioneer works must be held to remove
the tar. The well-being of the people is the highest law.”” In justice
to the professor it must be said that he was employed to investigate
creosote “ contamination” and not sewage pollution or typhoid fever.
In 1905 Mr. George I1. Benzenberg and in 1906 Mr. Clarence Coleman,
consulting engineers, were called upon for opinions in regard to the
“contamination” of the public water suppl_}' by ecreosote. Both of
these gentlemen after giving their opinion in regard to creosote called
attention to the menace from sewage pollution and urged extension
of the intake into deep water as a remedy.

Excessive typhoid fever rates have been recorded in Marquette
for years. Chart No. 7 shows the typhoid fever death rate per
100,000 by years from 1900 to 1910. It will be noted that since 1903
the increase has been progressive, culminating in 1910 with a typhoid
death rate of 99 per 100,000. In the past 10 years the rate was twice
above 70. In 1907 the rate was 71.9 and in 1910, 99. A study of
the seasonal prevalence shows that the marked rise in both these
years was due to unusual prevalence in January, February, March,
April, and May. Chart No. 8 shows the prevalence by months during
1907 and 1910. The typhoid fever death rate per 100,000 per annum
is given by months, an average for the two years being struck. The
outbreak in 1910 was explosive in character and reached its height in
March. An analysis of the public water supply in February by the
State board of health showed the water to be contaminated and
the report further stated that the water should be boiled.
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MARQUETTE, MicH. ———— TyPHoID FEVER
Dealt rale per /00000 per annum, by 77707745,
average for 2 years /907 and/9/0.
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CHART 8.—The predominance of typhoid fever in winter and spring and especially the very high rate for
March are, very suggestive of water pollution.
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ENTERITIS AT MARQUETTE.

The death rate for enteritis in Marquette is excessive considering
the size of the city and its economie condition. Chart No. 9 shows
by means of a solid line the death rate for enteritis (all ages) in Mar-
quette yearly since 1900. The dotted line represents the rate for the
entire State of Michigan. In one year only was Marquette's rate
lower than that of the State. This was in 1903, in which year also
Marquette’s typhoid rate was lower than in any succeeding year up
to 1910.

Marquette shows evidence that water is a factor in the prevalence
of the disease or group of diseases classified as enteritis under 2 years.
On Chart No. 10 the solid line shows the rate for the entire State by
months and the dotted line represents Marquette’s rate for the same
period.

Enteritis of children, which is neither typhoid nor dysentery, is most
prevalent in the hot summer months and usually has a very low rate
for January, February, March, April, May, November, and December.
The excessive prevalence of enteritis in Marquette in February and
May may be noted on the last-named chart, and also the persistence
of this alleged enteritis beyond the hot weather period with a very
high rate in October and November. The exact-nature of this group
of entities classified as enteritis under 2 years is of supreme importance
in the problem of infant mortality. It is probable that undiagnosed
typhoid is a factor and also bacillary dysentery.

Epidemiologically this so-called enteritis is closely related to
typhoid. Where typhoid rates are high, those of enteritis are high
also. Where typhoid is water borne with a prevalence in the winter
and spring months, the enteritis curve will also show a rise in the first
half of the year. Where typhoid rates are high in cities with good
water supplies, the excessive prevalence is in the summer and autumn
months. In these cities an excessive rate from enteritis may be
expected independent of slums and neglectful mothers, and this
excessive prevalence will be manifest in the summer and autumn.

Under the general term enteritis we are considering probably
several entities of distinet etiology. An exhaustive laboratory
investigation of this subject would have great scientific interest and
would also be a practical aid in reducing the appalling mortality from
enteritis in these small cities. Independent of the etiology, it is
certain that measures effective in the reduction of typhoid fever will
reduce the enteritis rate also.

After considering various projects for improving the quality of the
water supply of Marquette, it has been decided to extend the intake
to 3,300 feet from shore in 70 feet of water. After the 1910 outbreak
it was realized that disaster might come at any time, and that tem-
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MARQUETTE.MICH. ENTERITIS UNDER2 YEARS
Dealh rale per 100 000 per annvm, by 71007 ks,
average for b yrars, /905 —/9/0.

JAN. | FeB. |MAar| Ara. |May | June| Tuey |Ave | Sep | OcT | Mov| Dec.

&a

Jrg

350 A

23

0

R
|
f

275
250 ' ‘]

a k‘

200

75 l

|
+
/50 \
1
|

/25

- F\_‘ ﬁ ®

et IR

] f \ V \ ol
[

: A "‘
)

4 | /
25 1 '\t / Le ly - \
-l'--u—-""-_;‘-"';——l \ /
,_.? y s
- — — — MARQUETTE

CaiART 10.—The seasonal prevalence of enteritis of ehildren is abnormal in Marquette, Note the pro-
nounced peaks in February and May compared with the norma] curve for the entire State




:'r‘i |f -ll i
IS o B [t .
] M@u,
?4‘/;. :.-.Jj"'.l':l'. I.II:I.::.-""" 4l ., ¢

il m

'”' T

i |H
it .hllﬂi

"‘E}',Ji'rﬁli .ﬂﬂﬂb 'i ! I :IH| :g'-fhl | |i

| -

Il}-l-llrll[’"|li ::I |.I-;":"-: <
lpir.
==

o

!

v |
R |
I;i' '}i I}[ : :'|||1I'_':.II []

i :'l“| |
il
i

T —
= = =
B —

T BT WG

vaeo sivce (903

Mew fnvraxe

MaAr 6. —Sault Ste. Marie, Mich., showing location of old intake exposed to pollution in the canal and the new intake in the St. Marvs River, which is comparstively safe.



SauLt STe Marie,MicH.

Tyrhoib FEVER,

78

" Deal raie per 100,000 by yrars, 1900 7o 1910.
rgon |1gos | iges] rges [rg oul ges|sgeb] sgey|sfarligeglipra

3¢ 1 0

rias!

sbs

L)

K

AN

£

|

il

e

A8

a3

S
: ¥ X
2 g
g5 £
£ i %
= =
- 3
: 3
£ A \
4 K
v

Ja

i

9
'-_-_.__-lp-"‘

,,,J

&5

Ja

1]

24

L]

il

g

[

CHART 11.—The consistently lower rate for typhoid
fever in Bault Bte. Marle sinee ihe installation of

the new waterworks s notable.

porary protection was necess
sary pending the completior
of the new intake. Accordl
ingly, on February 1, 19111
a hypochlorite plant was in
stalled for treating the publii
water supply.

North Marquette will
sooner or later discharg
sewage Into the lake nea
the Pienic Rocks, and th
amount of sewage from ex
isting sewers may be ex
pected to increase progres
sively. The moving of tH
intake farther out in tH
lake will probably furnis
safe water for a time, but
Marquetie's growth is rapii
the experience of other citie
may be repeated. The pre
tection thus afforded is tem
porary, and after one «
two moves filtration or trea
ment of the water will 1
resorted to.

SAULT BTE. MARIE.

Sault Ste. Marie 1s situ
ated on the St. Marys Rive
and had a population «
12,615 in 1910.

It has about 20 miles «
sewers which discharge H
five outletsinto the St. Marn
River. There are no sew:
outlets near the water-worll
and all are situated down
stream from the intake.

The waterworks Intake
situated in the St. Mary
River 3 miles above the cit!
The intake pipe extene
1,600 feet from shore am
there is 34 feet of watl
over the crib.
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TYPHOID FEVER AT SAULT STE. MARIE.

Sault Ste. Marie has had in the past very high rates from typhoid
fever. The typhoid death rate per 100,000 in 1900 was 132.9; in
1901, 92.9;1n 1902, 172.9; and in 1903, 115.9. Only twice in the past
11 years has the typhoid death rate per 100,000 been below 50,
namely, in 1907 and in 1910, when the rate fell to 16.1

Chart No. 11 shows the marked reduction in the typhoid rate coin-
cident with the installation of the new intake. The old intake was
used until 1903 and was situated in the United States ship canal just
west of the International Bridge. Since the new intake has been
used the seasonal prevalence of typhoid fever in Sault Ste. Marie
has changed and the rate in the first half of the year has been much
lower than formerly.

It is probable that, independent of water supply, conditions exist
in Sault Ste. Marie which make possible high rates for typhoid fever.
Two-fifths of the population still depend upon privies. As an index
of sanitary conditions the death rate for enteritis is valuable. In
addition to the slum conditions of large cities and the neglect of work-
ing mothers in mill or factory towns, there is another set of factors
which make possible a high rate for enteritis under 2 yvears of age in
small cities. The steady prevalence of high enteritis rates in small
eities which have no slums and where the percentage of working
mothers is small indicates the presence of those factors which make
high typhoid rates possible. In almost every instance very high
typhoid rates accompany the excessive prevalence of enteritis in
such cities. On the other hand, cities with a low rate for enteritis
have also low typhoid fever rates.

Tapre 22.—S8even Michigan cities with populations from 12,000 ta 15,000,

——_ - - -

Enteritiz nn- I

Ty phoid fever

der 2 years |40 G0

death rate 100, 000

Cities, per 100,000 | Per 1,

average for | 3verage for

£ o G4 years,

1905-1910, | 1M05-1010.
Al 185.0 136, O
im T e el i R S e e - Sl e g cor g o oy I T . R Y 162, & 46. T
samlbmh[aric 134. 8 52,3
e R e e S R L S I e I e 124.5 43.5
o e e b R e N R S WA S ot 43.[# a8
Pontiac. ... 44.0 .5
T e L E 15, 6 o1

In a word, if we eliminate the slum factor and the neglect of work-
ing mothers, the enteritis which remains is due to a set of factors
which are also responsible for high typhoid rates.

110, 8. Census Burean Reports give 25.7 for 1910.
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CHART 12 —Showing the difference in sea-
sonal prevalence of enteritis in children
in Alpena—a city with a polluted water
supply—and Ann Arbor—a eity with o

good water supply.
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If the water supply is a factor in tl!
typhoid prevalence, not only will tli
typhoid rate be high in the wintt
months, but the enteritis rate will ald
be abnormally high from January
June.

If the water supply is not a facto
then the enteritis rate will be low :|
the first half of the year and high frox
July to December.

Chart No. 12 shows the enteritt
curve by months in Alpena, with
polluted public water supply, and i
Ann Arbor, which has a safe publl
water supply. The high rates £
enteritis in Alpena prevail in the winti
and spring months, especially in Fell
ruary and May. The rate for Am
Arbor, as might be expected, is low ii
the winter and spring and has its ris
in the summer and autumn months.

In a small city which is not a faw
tory or “mill” town and whose watu
supply is safe and which has an en
cessive rate for enteritis under 2 yearn
there must exist insanitary condition
which are responsible. The fact the
these insanitary conditions influenu
synchronously the rates for typhoii
fever and enteritis can not be acceptes
to mean that they are the same dis

~ ease. Just how much the element «

mistaken diagnosis enters into th
matter can only be determined by
careful investigation of sick childre:
in one of these cities covering a lom
period.

It may be accepted, however, tha
the same factors are operative i
transmitting the two diseases, am
where high prevalence is confined #
the second half of the year, coinet
dent with a safe water supply, it may
be assumed that the factors whie:
favor transmission by flies and contae
are most active.

Chart No. 13 shows the enteritii
death rate per 100,000 per annum by
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months in Sault Ste. Marie and Mar-
quette, Mich. The very high death rate
in Sault Ste. Marie is almost entirely due
to the mortality in the months of July,
August, September, October, and Novem-
ber. Such high rates in the summer and
autumn indicate insanitary conditions
which favor the spread of typhoid fever
by contact and flies. The low rate in the
first half of the year suggests that the
water supply is safe. Marquette has a

water supply subject to sewage pollution

and the enteritis curve shows two marked
rises, one in February and one in May,
similar to the curve for Alpena shown on
Chart No. 12.

As might be expected the seasonal prev-
alence chart (Chart No. 14) shows that in
the past decade the high typhoid rate is
due toexcessive prevalence in August, Sep-
tember, October, and November. The
dotted line on Chart No. 14,shows the rate
for the past five vears, and during this pe-
riod the rate in the first half of the year
is even lower than that for the entire dec-
ade. The excessive prevalence of typhoid
fever in Sault Ste. Marie seems to be due
to conditions which are operative in the
greatest degree in the late summer and
autumn.

CONCLUSIONS,

1. Imported cases from the iron ranges
constitute nearly 50 per cent of Duluth’s
hospital typhoid, and their number indi-
cates a very hich prevalence in the iron
mining districts. The nonresident cases
have some effect upon the resident typhoid
rates. The typhoid fever rate among resi-
dents is higher than it should be in a city
like Duluth. The largest single factor in
transmission seems to be contact. Such
pollution as occasionally occurs at the
waterworks intake must be dilute and can
not eause explosive massive outbreaks un-
lessa phenomenal growth of the city should
takeplace. Duluth’s water supply should
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be examined daily with special reference to the quantitative estimas
tion of B. coli. Pollution of Duluth’s water supply is possible unde:
existing conditions, and for complete protection 365 days in the yeay

SAuLT STE MaRrIE, MicH. ———TyPHoOID FEVER.
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some treatment of the public supply is necessary, In the absence off
turbidity, hypochlorite treatment would probably fulfill every sani--
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tary indication. Further experiments are necessary to demonstrate
the efficiency and economy of using ultra-violet rays in water sterili-
zation, but Duluth water is favorable for such experiments. The
presence of cheap electric power and a clear water suggests the
possibility of the economical employment of ozone as a sterilizing
agent. It is doubtful if any method can be employed which will
render Duluth’s water safe at so low a cost as treatment with hypo-
chlorite of lime,.

2. Superior, Wis., has had excessive typhoid fever rates. The
chief causes in recent years seem to be insanitary privies, contam-
inated wells, contact, and probably milk.

The water supply in Superior is safe. There is a modern filter
plant under expert supervision, although the raw water is better
than that furnished unfiltered in many cities.

Superior needs extension of this excellent water system, extension
of the sewer system, and elimination of the insanitary outdoor
privies and dangerous wells.

3. The raw water at 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 filiration have been excessive.
There has been lack of bacteriologic control as well, and examinations
instead of being made daily were not made oftener than twice a
month. The storage capacity for filtered water amounts to nothing,
and consequently there is no reserve to meet fluetuations in consump-
tion. There have been very high rates in Ashland for typhoid fever,
and in 1910 the typhoid death rate per 100,000 was 315. The inef-
ficiency of the filters was the probable eause of this explosive outbreak.
Ashland needs new filter units, a storage reservoir for filtered water,
a rate controller which is respected, and daily bacteriologic control
of the water supply. The use of hypochlorite as a temporary expedi-
ent pending the necessary alterations in the filter plant would protect
the public until the defects are corrected.

4. The typhoid fever prevalence in the mining towns of the Ke-
weenaw Peninsula seems to be independent of the water supply.

5. Marquette has had very high rates for typhoid fever and enter-
itis. The seasonal prevalence suggests that water was a very great
factor in these high rates. The pollution of the water supply was
caused by Marquette’s own sewage.

Temporary protection was afforded by the installation of a hypo-
chlorite plant on February 1, 1011. Tt is the intention to extend the
intake to 3,300 feet off shore in 70 feet of water. Daily bacteriologic
examinations will show whether this will give a safe water at all
times. Moving the intake farther out has never been attended with
more than temporary success, and the history of other places will
probably be repeated in Marquette, especially if the city continues to
grow rapidly.






III. LAKE MICHIGAN AND THE STRAITS OF MACKINAC.
LAKE MICHIGAN A8 A SOURCE OF WATER SUPPLY.

Lake Michigan is 307 miles long and has a maximum width of
about 118 miles. The maximum depth is 870 feet. The storage
eapacity is enormous, and its power to oxidize and purify organie
matter can scarcely be overestimated. The effect of storage of
Lake Michigan water is accentuated by the comparatively small
outflow (an average of only 57,000 cubic feet per second through
the Straits of Mackinae). For example, compared with Lake Huron,
the area of water surface is nearly the same—over 22,000 square
miles—and the maximum depth in Lake Michigan is about 100 feet,
deeper than that of Lake Huron. The outflow of Lake Huron at
Port Huron is about 210,000 cubie feet per second, while the outflow
from Lake Michigan is only about one-fourth as much. This means
longer retention of polluted inflow from rivers and sewers and more
opportunity for purification before discharge through the Straits at
Mackinac. It would take Lake Michigan many years to empty itself
wt its present rate of outflow if all inflow were prevented. Under
these circumstances the quality of Lake Michigan water must be
good, provided we can get it far enough from the polluting inflow
of rivers and sewers. Unfortunately, the zone of polluted water
extends a considerable distance out into the lake from the water
fronts of the cities and the mouths of the large rivers, and this zone
of pollution has no constant boundaries because of currents due to
wind and flood, but extends under unusual weather conditions far
beyond the point which seems safe in quiet weather.

These facts make it extremely difficult, if not impossible, both
from the engineering and economic standpoints, to obtain pure water
near our large lake cities every day in the year by simply extending
a pipe out into the lake, without filtration or treatment of the water.

THE NORTH COAST OF LAKE MICHIGAN.

From St. Ignace, on the Straits of Mackinae, to the entrance of
Green Bay there is not a single city of importance. The city of
Manistique is situated on .this northern coast about 75 miles west
of St. Ignace. The population in 1910 was 2,722, About 60 per
¢ent of the population depend upon wells for their water supply.
There is a publie supply which comes by gravity from Indian River.

(85)
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Seventy-five per cent of the population depends upon privies:
There are about 7 miles of sewers discharging by four outlets—one
into Lake Michigan and three into the Manistique River. There is:
no treatment of the sewage. The amount of pollution of Lake
Michigan along this coast is at present a negligible quantity.

CREEN BAY.

Green Bay is separated from Lake Michigan by the peninsulas oil
Door County, Wis,, and Delta County, Mich. The 30 miles betweem
the extremities of these two peninsulas is partly closed by numerous:
islands. Green Bay, thus inclosed, acts as a sedimentation basin fon
the discharge of the Escanaba, the Peshtigo, the Oconto, the Menom--
inee, and the Fox Rivers, and for the sewage and drainage of Esca--
naba, Menominee, Marinette, Green Bay, and many smaller com-
munities.

The amount of pollution taken care of by Green Bay is large, andl
the shore water of Lake Michigan south of Green Bay is much lesss
polluted than if this natural sedimentation basin did not exist.

The southern end of Lake Michigan presents shore pollution in am
aggravated form. Even excluding that portion of Chicage whicln
sewers into the drainage canal, there is a large population fromm
Waukegan to Michigan City sewering into the lake. The lake:
bottom slopes very gradually, and to reach a depth where wave:
action would not affect the intake would, in the cities betweem
Evanston and Hammond, for example, necessitate going out a miles
into the lake. While this would insure against the turbidity due to
wave action, it would not protect against the sewage pollution,,
readily carried so short a distance as 1 mile by eurrents.

THE EASTERN SHORE OF LAKE MICHIGAN.

The amount of pollution of the water on the eastern shore iss
distinetly less than that of the western shore and the southern endl
of the lake. There are no large cities like Chicago or Milwaukee,,
and most of the rivers have a peculiar lake-like expansion at the:
mouth, which minimizes for a great part of the year the polluting:
effect of these rivers on Lake Michigan. The Big Manistee, the:
Little Manistee, the Big Sable, the Lincoln, the Pere Marquette, the:
Pentwater, the White, the Muskegon, and other smaller rivers alll
empty into small lakes which are separated from Lake Michigan by
sand dunes and connected by a small channel. The United States:
Government has in many instances dredged these connecting chan--
nels, and the smaller lakes make excellent harbors.

The sewage pollution from Manistee, Ludington, Muskegon, Hol--
land, and other cities is first received inio these smaller lakes. These:
act as sedimentation basins, and for a great part of the year greatly
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reduce the sewage pollution which reaches Lake Michigan from these
cities. In time of flood or after heavy rains this measure of pro-
tection is nullified, and the sewage is quickly carried to Lake Michi-
gan through the harbor entrances by the swift current.

Coneerning the other large rivers carrying sewage pollution to the
lake, the Grand has no direct sewage contribution nearer than Grand
Rapids, which is about 40 miles from the mouth. The same is true
of the Kalamazoo, the towns near the mouth of the river being
small and the effect of sewage from the larger cities like Kalamazoo
being modified greatly by the long stream flow before reaching the
lake.

The St. Joseph is somewhat different, and within 2 miles of its
mouth receives the sewage of 15,000 people, which is carried quickly
to the lake.

THE WESTERN SHORE OF LAKE MICHIGAN.

ESCANATBA.

The city of Escanaba, Mich., had a population of 13,194 in 1910.
The eity has grown rapidly. In 1890 the population was 6,808, and
in 1900, 9,549, The city has one main 20-inch sewer, which dis-
charges just inside the Stephenson Dock, at the foot of Ludington
SLreet within 2,000 feet of the extremity of Sand Point. Another
sewer (S-inch) dlscha.rges at the foot of Fifth Street and carries the
sewage of the county hospital. This is about 1 mile southwest of
the waterworks™ The general trend of the water in Little Bay de
Noe is from north to south, and usually there is a current in this
direction.

Map No. 8 shows, besides the waterworks intakes and the sewers,
the outline of a shoal, from 1,500 to 3,000 feet in width, which
extends south from Sand Point. The edge of this shoal marks the
margin of the real current, and along this line the depth of water
inereases suddenly from 5 feet, to 50 or 60 feet. It is claimed that
even when the normal lake current in the deep channel is setting
south there is a current over this shoal northward toward the water-
works. A southwest wind also could easily eause a surface current
from the mouth of the Fifth Street sewer to the waterworks intakes.
The sewage from the main 20-inch sewer could pollute the various
intakes under normal conditions, and the seriousness of this pollu-
tion depends largely upon the character of the sewage. The main
bay current gave more protection to the old intake near shore than
to the new one in deep water, although pollution reaching the deep
intake would necessarily be more diluted than pollution at the
shallow one.

Pollution of any of the three intakes was possible at times depend-
ing upon wind and current from either the main sewer or the hos-
pital sewer.
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WATER WORKS.

In 1886 the water works was installed by a private company.
The water was taken from an intake 1,500 feet offshore at the edge
of the shoal in about 20 feet of water. In addition there was an
““emergency”’ intake about 250 feet offshore in 5 feet of water,
Intestinal disease was common, usually called **winter cholera” in
this section, and the company was induced to extend the intake 440
feet farther.

The present intake is 2,600 feet offshore in 65 feet of water.

In November, 1909, a filtration plant was installed. It is a
mechanical or “rapid sand” type, and consists of 8 units, each unit
being 20 by 12 feet, with a capacity of 600,000 gallons daily. Alum
is used as a coagulant. Toward the end of 1910 the plant was not
satisfactory; local gravel had been used in the beds and the results
were poor. In January, 1911, the beds were built over with new
sand and gravel brought from some distance. During January, Feb-
ruary, and March results were poor, but the plant seems to be giving
better results at present (October, 1911).

TYPHOID FEVER.

Chart No. 15 shows the typhoid fever death.rate per 100,000 by
years since 1900,

Escanaba has been notorious for having the highest typhoid rates
of any city in the registration area. The rate was high in 1900, but
in the next three years it was considerably lower. In 1904 the
explosive outbreak of March, April, and May brought the yearly
rate up to 351.4 per 100,000, For the six years from 1904 to 1909,
the average typhoid death rate per 100,000 was 203.1. In November,
1909, the filter plant was installed and, although its operation was
far from satisfactory, the rate fell in 1910 to 61. Chart No. 16 shows
the typhoid-fever death rate per 100,000 per annum by months—
average for 10 years, 1901-10. The prevalence in March, April,
and May is very striking.

ENTERITIS UNDER 2 YEARS.

Enteritis among persons under 2 years of age is usually a disease
of summer and autumn. In cities with good water supplies this is
almost invariably the case. This high mortality among infants
from enteritis is usually greatest in those cities which have slums
or which have a large percentage of working mothers with conse-
quent child neglect. There is another group of cities which have
almost invariably high death rates for enteritis under 2 years, namely,
those with a high typhoid-fever rate. In these cities the enteritis
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curve, as shown on the chart, will correspond closely in seasonss
prevalence to the typhoid curve.

Chart No. 17 shows this relation between typhoid fever and ** ente
ritis” in Jackson, Mich. The enteritis rate is the higher, but it has
its greatest prevalence in the same months as typhoid. Chart Noj
18 shows how a high rate in January and March was accompanies
by a rise in the enteritis curve for the same months in Battle Creeld
Mich.

Escanaba has suffered terribly from various diseases which hawvn
been called ““winter cholera,” “diarrhea,” or enteritis. That thess
diseases were largely water borne can not be doubted after a study
of local conditions and data. Bad as was the record for typhoiu
fever in Escanaba, the record for these other diseases classed as
enteritis was much worse. During the decade 1900-1909 the avers
age death rate per 100,000 for typhoid fever was 149. During tha
same period the deaths from enteritis reached the appalling rate
of 213.7.

Tapre 23— Death rates per 100,000 in Fscanaba, Mich., by years, from 1900 lo 19111

. Total ty-
Years. Trphoid | g eritis. | phoid and

i enteritis,
1000 . 125.7 2828 408, 4
1901 . . A3 140.9 194,51
102, . 67.8 174. 4 42. 51
190 . 2.0 140, 1 168.11
1904 . 351. 4 &25.3 576,37
11, e e i LA 152.8 417.9 600, 31
ERG o n  R 1.1 261.1 2, &1
D e e 220.2 130. 5 350, 51
i | 126. 5 2688 395. 34
1908, .. ET.0 6. 0 3300
7|} R B e e e S S Gl. & 130 184. 83
PO = S e o e e e L R e L ] Al 100, @ 146. 01

There is a strong probability that many of these deaths were really
due to typhoid fever. Often physicians have a disinclination to
diagnose typhoid fever in children at any time or in adults in the:
winter months. There seems to be in many sections a fixed ideas
that typhoid fever is an adult disease occurring commonly in the:
autumn months, and rarely seen in the first half of the year.

As a result, it is very likely that many cases of typhoid fever in
children go unrecognized and unreported as such, and that the same:
is true of many adult cases in the winter and spring months.

Chart No. 19 shows the death rate per 100,000 per annum by
months from typhoid fever and enteritis under 2 years—average for
6 years, 1905 to 1910. The solid line represents enteritis under 2!
years of age. The dotted line represents typhoid fever The close:
relation in seasonal prevalence and in intensity between the two.
diseases is at once apparent. Only a thorough investigation cover--
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Jackson, MicH. ENIERITIS UNDER 2 YEARS.
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ing a long period in one of these cities will clear up the exact nature
of this mortality aseribed to enteritis. Besides the posibility of mis«
taken diagnosis, and overlooking of typhoid fever, it must be remems
bered that bacillary dysentery is transmissible by the same means as
typhoid fever and may also be partially responsible.

Chart No. 20 illustrates the apparent effect of a good water sups
ply on the rate for enteritis. Pontiac and Escanaba both have high
rates. The curve for enteritis in Pontiac shows its highest point im
August. Pontiac has a good water supply and the enteritis rate is
low in January, February, March, and April. Escanaba, with a poll
luted water supply, shows the greatest prevalence for enteritis to
be in March and April. Compare the customary enteritis curve in
Escanaba with its marked rise in March and April with that of the
year 1910, the first year during which the filter plant was in operatiom

Chart No. 21 shows the enteritis death rate under 2 years pen
100,000 per annum by months, in Escanaba. The dotted line i
an average annual death rate by months for the six-year period from
1905 to 1910 and represents the customary prevalence of enteritis
under 2 years of age previous to filtration. The solid line gives the
seasonal prevalence of enteritis during 1910, the first year during
which filtered water was furnished. The installation of a filten
plant seems to have had an equally marked effect on the typhoidt
fever rate.

Chart No. 22 shows typhoid fever death rates per 100,000 pen
annum by months. The dotted line represents an average for the
six-vear period 1905-1910 and the solid line represents the rate fom
the year 1910 by months.

It is one thing to have a filter plant which is properly constructea
and modern and quite another to secure consistently good results:
In spite of poor results, especially during November and December:
the filter efficiency seems to have been suflicient to eliminate tha
usual rise in March and April. As might be expected, the reducea
rate for the year was effected by reducing the typhoid incidence in
March, April, and May.

MENOMINEE, MICH., AND MARINETTE, WIS.

Menominee, Mich., is situated on the north bank of the Menominee
River, at its mouth. In 1890 the population was 10,630, and a steady
increase took place until 1900, when the census showed 12,518 inhab-+
itants. Since 1900 the population has declined, and in 1910 the
census figures were 10,507, a loss of over 2,000 in 10 years, the
population now being less than in 1890.

The sewage of Menominee is discharged by five outlets. Four ol
these (two 12-inch, one 18-inch, and one 24-inch) discharge into the
Menominee River. One 12-inch sewer discharges into the bay
about 4,000 feet northwest of the waterworks intake.
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Escanaga. MicH. ENTERITIS UNDER 2 YEARS.
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Escanasa MicH Tyeuoio Fever.
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WATERWORKS.

The Menominee waterworks consist of an intake pipe and pum
ing station, the intake pipe (16-inch) extending 2,000 feet into tt
bay and terminating, according to the superintendent, in 23 fa
of water. TUnited States Lake Survey Charts indicate a depth
about 21 feet. The water is pumped unfiltered into the main
The superintendent claims to have tested the use of hypochlorite:
lime during 1910 and to have shown good results experimentalll
The sewage from the 12-inch sewer which discharges into the by
northwest of the intake can arrive readily enough in the vicinity
the intake. The sewage of Menominee and Marinette which is dl
charged into the Menominee River may also, because of the variabilii
of lake currents, be carried by these currents to the intake.

The water at the intake may be polluted at any time, but esp
cially following heavy rains and flood conditions in the Menomim
River., The degree of pollution is dependent upon the amow
of sewage and the dilution effected during transit toward the intalk
Some degree of protection is afforded to the intake in quiet weath
by the distance off shore (2,000 feet), as the bulk of the sewas
pollution at such times passes nearer shore. The distance off sha
and the depth of the intake do not afford consistent protection au
can not be depended upon after rains or floods. Currents can affo
no consistent protection, as their instability, depending largely ups
the direction and velocity of the wind, is well known. They
quite as likely to carry pollution toward the intake as away from :|

Marinette, Wis., is situated on the south bank of the Menomin
River at its mouth. The population in 1900 was 16,195, but decling
in 1910 to 14,610. In other particulars there is much similarii
between Marinette and Menominee. Both have developed fron
common causes, the lumber industry being the prineipal factor, an
conditions in the two cities are very similar. Marinette’s seway
is discharged by nine outlets into the Menominee River. There ax
five 24-inch, two 18-inch, and one 12-inch outlets, besides one sew:
5 feet 6 inches by 4 feet 4 inches, which discharge into the river.

The 20-inch steel intake pipe of the Marinette waterworks extend
across the Menominee River and through a portion of the city
Menominee to the water front near the Pengilly Wharf. From th
point the intake extends 1,600 feet into the bay.

There is a filter plant at the corner of Fifth and Water Streets an
only filtered water is furnished to the consumers. The filter is «
the mechanical or “‘rapid” sand type and consists of 10 units, eaq
capable of filtering 500,000 gallons daily. An average of 1.8 graiy
per gallon of alum is used as a coagulant. TFrequent bacteriologs
examination of the water is made, and the filter efficiency scems 1|
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ygood. The filter efficiency of the Marinette plant is vital, as pol-
tion at the intake is unavoidable at times. The same general condi-
s deseribed in connection with Menominee's waterworks intake
ply to that of Marinette. The intake of the Marinette supply is
;posed to greater pollution than that of Menominee because it is
uch nearer the mouth of the river, which earries the bulk of the
wage of the two cities.

TYPHOID FEYER.

Chart No. 23 shows the death rate for typhoid fever per 100,000
ypulation yearly from 1900 to 1910. In these two cities condi-
ons are very similar. They are practically one city, separated by
State boundary line and the River Menominee. The only condi-
on bearing upon the prevalence of typhoid fever which is radically
flerent in the two cities is the water supply. The water supply
taken from the same source, Green Bay, and the only essential
flerence is that Menominee delivers the water unfiltered and
arinette filters the water before delivery to the consumers. The
wrt shows a striking difference in the typhoid-fever rates. The
rerage typhoid-fever death rate per 100,000 for the past 10 years
- Menominee was 68.6, while the rate for Marinette was only 34.5.
here are cases brought to Menominee from the lumber camps, but
arinette suffers even worse from these imported cases. For example,
- 1910 out of 26 cases reported in Marinette 11 were imported, and

the 7 deaths only 3 were residents of Marinette. These im-
rted cases give a partial explanation of the high rates in both
ties but do not explain the consistently higher rate in Menominee.
L fact, there is only one logical explanation, and that is the unfiltered
ater supply of Menominee.
Chart No. 24 shows the seasonal prevalence of typhoid fever in
@ two cities. The death rate per 100,000 per annum is given by
onths, taking an average for 10 years in Menominee. Unfortu
wtely,in Marinette monthly statistics were not available except for
108, 1909, and 1910. The average is for these three years only.
The seasonal prevalence in Menominee suggests water-borne infee-
on. The very high rates in December, January, and February, and
ie scarcely less high rates in March and May, for a long period of
wars, leaves no escape from the conclusion that the water supply is
sponsible. The only months with lower rates than September are
me, July, and August. In Marinette, on the other hand, the highest
te was In September. :

ENTERITIS.

In the group of diseases classified under enteritis the influence of
ater in these two cities 1s less marked.
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Chart No. 25 shows that the rate for Marinette, however, is con-
nstently lower than that of Menominee, and in every year of the
lecade this was manifest. The average death rate per 100,000 per
mnum for the 10-year period 1900 to 1909 in Menominee was 120.6,
mnd in Marinette 91.2.

MENOMINEE, MICH, ENTERITIS UNDER 2 YEARS.
Deare RATE PER 100 000 pes ANNUM BY MONTHS RVERAGE FOR BYEARS /F05 ro 1510,
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TART 26, —Menominee, Mich, The rate for®enteritis in April is more than double that of the State of
Michigam, taking the average for six years,

Chart No. 26 shows the seasonal prevalence of enteritis under
wo years in Menominee, Mich., by months, ecompared with the rate
w the entire State of Michigan. This shows that the bulk of the
nteritis occurs in the months of August, September, and October.
pril, however, has a rate of 52, while the State rate for April is only
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23, indicating that water is a factor, although not the greatest factos
Enteritis would not be eliminated by the installation of a safe waty
supply, but such a measure would effect a reduction probably equy
to the difference between the rates for Menominee and Marinettt

THE FOX RIVER DRAINAGE AREA.

Into the southern extremity of Green Bay discharges the Fay
River. This river, with its tributary the Wolf (which is really th
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larger river) and Lake Winnebago, receives the sewage and drainagg
of several cities and a populous watershed. There are more than
300,000 persons in the drainage area, including the cities of Oshkosh:
Green Bay, Fond du Lae, and zlppi@t-on This system of waterways,
terminating in the Fox River is necessarily po]lut-ad by the ]a,rgg
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population, but fortunately the cities and towns have water supplies
derived from deep wells, which are safe and apparently adequate, or
furnish river or lake water only after filtration. (See map 7.)

FOND DT LAC.

Fond du Lae is situated upon Lake Winnebago at the mouth of the
Fond du Lac River. Its population is about 19,000. It has about 31
miles of sanitary sewers, which by eight or nine outlets empty into the
Fond du Lac River. The waterworks is controlled by a private cor-
poration, and the water comes from artesian wells. The daily con-
sumption is about 1,500,000 gallons. Only about one-fifth of the
population depend upon privies, and 95 per cent of the population
uses the safe public water supply. Typhoid fever rates are very low
in Fond du Lac,

Typhoid fever death rate per 100,000: 1908, 10.8; 1909, 10.8; 1910, 10.8.

ODOSHKOSH.

Oshkosh is situated on Lake Winnebago at the mouth of the upper
Fox River. It had a population of 33,062 in 1910. Its sewers dis-
charge into Lake Winnebago. Its water supply is from the same
source, but filtered before delivery to consumers. There are many
cesspools and privies in Oshkosh, and many shallow wells in the out-
lying districts. The typhoid rate has been as follows:

Typhoid fever death rate per 100,000: 1908, 30; 1909, 20; 1910, 33,

The seasonal prevalence indicates that water is not a prime factor
in the typhoid rate. The bulk of the cases occur in July, August,
September, and October. The typhoid death rate per 100,000 per
annum given by half years, average for three years, 1908 to 1910, was
as follows:

Death rate per 100,000 per annum: January to June, 18; July to December, 60.

APPLETON.

The city of Appleton has a population of about 18,000. The sew-
age is discharged by eight outlets into the lower Fox River. About
S0 per cent of the population are tributary to the sewers, and only
about 20 per cent depend upon privies. The water supply is
from lower Fox River, but is filtered before delivery into the mains,
Typhoid fever deaths in Appleton are few. K The death rate per
100,000 for typhoid fever, average for the past three years was only
12.9.

Typhoid fever death rate per 100,000: 1908, 5.5; 1909, 5.5; 1910, 27.5; average

rate, 12.9.
GREEN BAY.

The city of Green Bay has a population of 25,236. It is situated
at the southern extremity of Green Bay at the mouth of lower Fox
River. Itssewage is discharged by numerous outlets into East River
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and Fox River. Its water supply is derived from artesian wells,
There are 10 of these wells, and the daily pumpage is 11,000,000 gal-
lons. In 1910 it was expected to increase the pumpage capacity to
21,000,000 gallons by installation of a new 10,000,000-gallon pump.
The wells are true artesian wells, and the water may be considered
safe.

Typhoid fever in Green Bay has been prevalent, though the rates
are not excessive compared with other cities. The typhoid fever
death rate per 100,000 for the past three yvears in Green Bay was as
follows:

Death rate per 100,000, typhoid fever: 1908, 31.6; 1909, 23 4; 1910, 26.6; average
rate, 27.2.

Fonp Du Lac; AepieTan, Green Bay, Osuxosy, —————— TyvpHoip Fever.

AcGREGATE FopuLATION FHO00. Dearw RATE PER 100 000 rer ANNUM
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CHART 27.—Typhold fover rates in the cities of the Fox River Daringge Basin,

This gives an average for the three years of 27.2, considerably lower
than Oshkosh, but much higher than either Fond du Lac or Appleton.
In all four of these cities the public water supplies must be considered
safe. The difference in typhoid rates is due to other factors,

Typhoid fever death rate per 100,000, average for three years, 1908, 1909, 1910: Fond
du Lae, 10. 8; Appleton, 12.9; Green Bay, 27.2; Oshkosh, 30.6.

The seasonal prevalence of typhoid fever and the distribution of
cases in these four cities indicates that the public water supplies have
had little, if any, part in the transmission of typhoid fever. Chart
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No. 27 shows the prevalence by months. The rise in January and
February is due entirely to deaths in Oshkosh and Green Bay. It is
significant that privies and cesspools and private wells are more
common in these two cities than in the cities of Fond du Lac and
Appleton. In the city of Fond du Lae, with few privies and a safe
public water supply from artesian wells used by 95 per cent of the
people, not a single death from typhoid fever occurred in the three
years 1908, 1909, 1910 in the first half of the year.

MANITOWOC.

The city of Manitowoe is situated on the west shore of Lake Michi-
gan at the mouth of the Manitowoe River. The population in 1910
was 13,027. Manitowoe's sewage is discharged as follows:

One 8-inch outlet into river; three 10-inch, into river; one 15-inch, into river; one
20-inch, into river; one 24-inch, into river; one 15-inch, into lake 3,600 feet north of
river's mouth; one 18-inch, into lake 1 mile south of river's mouth.

The water supply of Manitowoe is taken from wells sunk on the
shore of Lake Michigan about 4,000 feet south of the mouth of the
river. There is a natural filtration of the water in the gravel and
sand layers—whether the supply is ground water intercepted on its
way to the lake or lake water filtering back into the wells. There is
every reason to believe that the Manitowoe water supply is safe.
Typhoid fever has had a very low rate in Manitowoe. The typhoid-
fever death rate per 100,000 per annum for the past three years was
as follows:

Dieath rate per 100,000, typhoid fever: 1908, 16; 1909, 8; 1910, 8.
SHEBOYGAN.

Sheboygan, Wis., is situated on Lake Michigan at the mouth of
the Sheboygan River. In 1910 it had a population of 26,398. It
has excellent transportation faeilities, both railroad and water, and is
already a manufacturing city of considerable importance. Its chief
industry is the manufacture of furniture. The Sheboygan River is
a grossly polluted stream, receiving the wastes of many factories,
tanneries, ete., besides the more dangerous pollution from the sewers
of the city.

SEWERS.

The sewage of Sheboygan is discharged by about 20 outlets into
the Sheboygan River. These sewer outlets are from 12 to 48 inches
in diameter, and very near the river's mouth is a sewer outlet 4 by 5
feet. At the foot of Ciara Avenue, 4,000 feet south of the river's
mouth, a 48-inch sewer discharges into the lake. Previous to 1908
there was a sewer outlet discharging into the lake at Michigan Avenue
and another at Niagara Avenue. The sewage from these districts is
now discharged into the river.

1. U. 5. Census Bureau reports give 15.3 for 1910.
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WATER SUPPLY.

The Sheboygan water supply is drawn from Lake Michigan and
lelivered without treatment or filtration. There is a standpipe?® .
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Mar 11.—Eheboygan, Wis., showing sewer outlets and waterworks intales.

vith a capacity of a little more than 328,000 gallons, but this is too
mall to have any puriflying effect as a storage reservoir, containing
aly about 24 hours’ supply.

1 Btandpipe collapsed Jan. 15, 1812, due o the action of ice,
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Previous to the epidemic of 1905 the water was drawn from thy
lake from two intakes. First, the main intake, 1,852 feet off shore in
28 feet of water; and, second, the emergency intake, 900 feet off shore

‘in 12 feet of water. The emergency intake was not supposed to ba
used except when ice clogged the main intake. As a matter of facti
the investigation made by the State board of health showed that i1
was extensively used in February, March, April, May, and June
1908. After the typhoid epidemic of 1908 the present intake wai
installedd.  This is a 30-inch cast-iron pipe extending 5,000 feet norths
cast into the bay and terminating in 47 feet of water. This water 1l
delivered unfiltered and untreated to the consumers,

TYPHOID FEVER.

In 1908 an epidemic beginning in January was investigated by ths
State board of health. This epidemic raised the rate for the year tu
about 100 deaths per 100,000 population.

Chart No. 28 shows the death rate for typhoid fever by months in
1908. March and April were the worst months. Everything pointec
to a water-borne epidemic, and the State board of health’s investigas
tion supported this view. At that time (1908) the Michigan Avenux
sewer discharged into the lake about three-fourths of a mile from thy
intake; a little farther to the south the Niagara Street sewer also diss
charged at that time into the lake.

It was found that there was frequent use of the emergency intake
and that the main intake was broken, 1,400 feet offshore, so that thy
water at times was drawn from points 900 to 1,400 feet offshore
Analyses made by the State chemist during the outbreak showed thy
lake water to be polluted to a distance of from 1 mile to 1} miles
from shore. Since the epidemic of 1908 the two nearest sources o
pollution have been removed, namely, the Michigan and Niagars
Street sewers. A new intake has been installed 5,000 feet offshord
in 47 feet of water.

These measures have been followed by a marked change in the
typhoid-fever prevalence. The typhoid rates for the year 1909 ang
1910 have been much lower. March and April were the worst months
in 1908. The same is true of 1909 in lesser degree. In 1910, however:
the good effect of the new intake is noticeable, as there was only ong
death in March and none in April. In 1911 the result is even morg
marked, as not a single death oceurred from typhoid feverin January-
February, March, April, or May, 1911. The rate in Sheboygan will
probably remain high after the public water supply is eliminated as g
factor because of other factors. There are a great many shallow
wells and insanitary yard privies. The diverting of sewage from the
lake front north of the river's mouth was a very good sanitary
measure, as was also the extension of the intake to the 47-foot depths
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By these measures a good raw water is secured for the filtration
*treatment which is necessary. The mere extension of the intake
D00 feet can not be expected to furnish a safe water at all times. It
1l protect Sheboygan most of the time, and ought to prevent explo-

SHEBOYGAN, YYIS. TYPHOID FEVER.
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ve massive outbreaks for many years unless Sheboygan’s growth is
ary rapid. But due to extraordinary conditions, serious pollution
ay occur at any time, and a dilute or transient pollution may be
sponsible for cases, a though it will be difficult to trace these cases
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to the water supply. The only way in which accurate conclusie

as to the protection afforded by such intakes can be formed is |
mnlun;, a daily examination with a careful quantitative estimati|
of the B. coli for a period of at least one year. It is unfortunate tH
wherever there is reason to believe that the water at the intake isy
general of good quality B. coli estimations are only made at 1o

intervals.
MILWATUTKERE.

The city of Milwaukee had a pupu?ulmn of 373,857 in 1910.
growth has been very rapid, the gain in 10 years lmmg over 88,00
Its splendid harbor and transportation facilities, coupled mth
substantial business houses and manufacturing concerns, make M
waukee a city of great industrial and commercial impurt&ncu. I
these reasons good sanitary conditions in Milwaukee are an intt
state necessity, and bad conditions can not be considered of lon
significance only.

SEWERAGE SYSTEM.

At present the entire sewage of Milwaukee is discharged into
Milwaukee, Kinnickinnick, and Menominee Rivers, and into
Menominee Valley intercepting sewer. The confluence of these thi
rivers forms the inner harbor and there are several miles of doe
(‘anals have been constructed with dead ends to increase water fre
and dockage, especially on the Menominee. As a result, the v
small stream flow is received at Milwaukee into a network of cany
and practically all current velocity is lost. Under these conditig
the rivers receiving the daily discharge of the city’'s sewers becai
unspeakably foul. To correet these conditions in the almost sti
nant rivers, flushing tunnels were constructed for the Milwaukee m
Kinnickinnick Rivers, and a system of intercepting sewers to keep 1/
sewage out of the Menominee River and canals, this latter systt
discharging inito the lake just south of the harbor.

These measures gave considerable relief from the foul odors whi
formerly were such a nuisance, but probably increased the dangen
the waterworks intake by projecting the fresh sewage more quicl
into the lake and cutting off the septic action formerly exercised
the rivers upon the sewage.

Map No. 12 shows the existing sewer outlets, the flushing tunny
the existing interceptors, and the sewage pumping station. It a
shows the proposed Menominee flushing tunnel and the propos
intercepting sewers which will eventually receive and carry the entl
sewage of Milwaukee to the proposed sewage disposal station. T0
map :ﬂso shows the proposed outfall Sewer and the waterworks intay

In September, 1909, the Milwaukee common council appointeq
commission of three expert engineers to make a study of the situati
and submit recommendations for improvement of the condition of 11
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rivers, protection of the water supply, and a satisfactory solution of
the sewage disposal problem. The commission consisted of Messrs.
John W. Alvord, George C. Whipple, and Harrison P. Eddy. These
gentlemen made an exhaustive study of local conditions and made a
complete report of conditions, with the remedies to be applied for
their correction,

They recommended a sewage disposal plant on the Kinnickinnick
River near the present flushing station; all sewage to be brought to
this station by a system of high and low level interceptors. The
high level interceptor will carry the sewage to the works by gravity;
the low level sewage necessarily will be pumped to the sedimentation
tanks.

The works are to consist of grit chambers, sereens, baflled sedimen-
tation tanks, and a disinfection plant. There is also provision for
further purification when necessary by percolating filters, although
the commission considered that the building of these additional works
might be deferred for years. The outfall sewer from the disposal
works is to be 13 feet in diameter and to extend 1 mile out into the
lake, where it divides into two divergent branches 60 inches in
diameter. This provides for a further extension of 3,000 feet from the
point of bifurcation. Each of the two 60-inch terminals have open-
ings 150 feet apart through which the effluent is discharged at a depth
of from 30 to 35 feet. For sludge disposal the commission recom-
mended the disposal in the lake 15 miles from shore by a special
steamer built for the purpose. The commission also recommended
that a water filtration plant be constructed at once, although they did
not interpret their instructions to demand details for the plant.

WATER SUPPLY.

Milwaukee up to 1875 depended upon surface wells, and the rates
for typhoid fever were very high. In 1875 a lake intake was installed
2,100 feet offshore in 18 feet of water. This proved a great improve-
ment over the wells but the elimination of wells was not effected at
once; in fact, it was a matter of years. From 1874 to 1895 this
intake was used. In 1895 a new intake was installed which has been
used up to the present. This consists of a tunnel extending out 3,146
feet to a erib from which two 60-inch mains extend 5,000 feet farther
out into the lake terminating in two submerged cribs in 60 feet of
water. The inflow to the eribs is about 15 feet above the bottom,
and about 45 feet below the lake surface.

POSSIBILITY OF SEWAGE POLLUTION AT MILWAUKEE 8§ WATER WORES INTAKE.

No sewage is discharged into the lake north of the harbor entrance.
The flushing operations in the Milwaukee and Kinnickinnic Rivers
project millions of gallons of fresh sewage daily through the harbor
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entrance to the lake. The Menominee Valley interceptor is discharges
just south of the harbor entrance, and exceeds 50,000,000 gallons o
fresh sewage daily. The distanee from the harbor entrance to th:
intake is about 3} miles, Currents in Lake Michigan according t
Maj. Judson, a recognized authority, are very unstable and irregulan
He says:

In my opinion the currents of Lake Michigan are so irregular in character thas
nothing would be gained worth the cost if attempt were made to obtain and classiff
further data of a general nature. If it is a question of protecting the water suppl]l
of any particular locality, in any event special study would have to be made, inass

much as the lake currents, variable as they are, are much influenced by local com
ditions.

We do know, and perhaps it is enough for the purposes of this commission, thas
occasionally currents of considerable velocity, say several miles per hour, may b
expected to arrive from almost any direction at any point reasonably near either show
of the lake. It is therefore apparent that in the general case if the waters of the laka
are polluted by the discharge into it of large quantities of sewage, then practicabld
localities in the lake, even 20 to 30 miles distant from the point of entrance of thu
sewage, are not safe places from which to derive water for domestic use.!

The * prevailing” currents carry the sewage south away from the
intake, but currents in an opposite direction are quite likely to occur:
Accordingly, currents may be expected at times from southwest te
northeast paralleling the bend in the shore line which forms Milwaukee
Bay and in the exact direction of a line drawn from the harbor mouth
to the intake. The possibility of sewage pollution at the intake iss
evident. The degree of pollution would depend upon certain factorsy,
among which are the amount of sewage discharged, the time of transitt
from the point of discharge to the intake, and the amount of dilutiom
effected.

The amount of sewage discharged daily is large, estimated att
61,000,000 gallons. The time of transit would depend upon the dis—
tance and the wvelocity of the current. The amount of dilutiom
would also depend upon the current, which, if direct and rapid, wouldl
greatly hinder dilution. Tt is unnecessary to theorize upon the pos-
sibility of sewage contamination of Milwaukee’s intake. This sewage:
contamination actually occurs, as shown by bacteriologic examina~--
tions made by Dr. Rubland, eity bacteriologist.

The following table gives the results of Dr. Ruhland’s examination:
of waler during October, November, and December, 1910:

! First report of the Lake Michigan Water Commission, 1600,
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Hhtlmlm;:-!'
acteria : 3
1910 per r. c. Fermeniation test, | Soure
gelatin, |
e e s o L e e T e i) 97 | Positive (40 per | Tap.
| ceiil gas.)
1. . ED | Nogative. _....... Do,
17.. @7 | Positive (40 per I,
cent gas),
g R e e e B e R T 67 | Negative. ......... Tra,
B e L s e oo i P Iha.
e e e e R e i A G I 10 | Fositive (40 per Ira.
I cont Eas),
e e e T L e T Do,
e e s 152 | Positive (35 per Do,
l _eent gas).
TR o b e e e e e R 95 | Negative.......... Tha. .
e s e e T e e i g o e e 7 (Y T R [
e s e S o e e e e e R e s o H.Tnll..___da___.._______ Da..

— - — = —

In the above table raw water signifies the untreated water durin
the period when hypochlorite of lime was used. The hypochlorii
was used from.June 21 to December 12. Consequently, up to Decen
ber 12 the tap water was water treated with hypochiorite. Positiv
for the fermentation test means positive in 1 e. ¢. samples unle:
otherwise stated.

These tables show almost constant pollution of the water suppll
From January 1 to June 30, 1911, Dr. Ruhland has reported 40 p»
cent of the samples as positive for the B. eolr test, and since June &
the percentage of positives has been higher.

TYFHOID FEVER IN MILWATURKEE.

During the period from 1870 to 1875 the water supply was large:
taken from shallow wells, and very high typhoid-fever rates prevailg
in Milwaukee. In 1875 the first lake intake was put in service an
a remarkable coineident drop is noticeable in the typhoid rati
(See Chart No. 29.) The elimination of the dangerous wells was ne
accomplished promptly, in fact many still exist, and while the typho»
rate was much lower than it was prior to 1875, it remained high unt|
1894, with an average above 30 deaths per 100,000,

It was decided to move the intake farther out into the lake, an
in 1895 the present intake was installed, 8,000 feet from shore in @
feet of water.

This was productive of good results for several reasons. First,
substituted a safe water supply for one very greatly menaced, if ne
polluted, by the increasing amount of city sewage; second, it offere
to the citizens a supply which they considered safe, and thus faeill
tated the elimination of the shallow wells; third, confidence in tH
new supply caused thousands of new house connections enabling tH
householders to replace their insanitary yard privies by modern flus:
closets. :
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The drop in typhoid prevalence following the installation of 11
new intake in 1895 is very significant. In 1896 the typhoid
dropped to 18.2 deaths per 100,000 and in 1897 to 11.8, a rate new
approached before, and never equaled since

The bulk of the reduction was effected in the months from July-
December, especially in August and September. (See Chart No. 3
This suggests that the change was more effective against the facta
concerned in autumnal typhoid than against those which produ

MiLvwAUKEE, VY5, TypHoiD Fever
Dearn RATE PER 100000 PER ANNUM BY MONTHS AVERAGE FOR FIVE YEAR:

Jar | Fea | Mar | Her May | Jowe | Joev | Ave.

Ser. | Ger | Mow | Du
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o / ,
o ) I 1 7%

\ \ g / e |
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Cuant 30.—Comparing quinguennial periods 1800-15804 and 1505-1899. The reduction effected was
evident in August and Seplomber.

high rates in winter and spring, and that more progress was made 1
getting rid of the insanitary privy than in the closing of shallow welll

The lowest typhoid year in Milwaukee’s history, 1897, accentuatu
the fact that at this time the great reduction in typhoid was due ti
cutting off infection in the regular “typhoid season’ rather than by
any marked reduction in the winter and spring typhoid. (See Chan
No. 31.) There still remained an undue prevalence in the winte
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and spring months which was probably due to water. It is probable
that the many shallow wells which still persisted were responsible for
this higch mortality in January and April.

In 1899 and 1900 there was improvement in the rates for the first
half of the year following the increased use of the public water supply
and abandonment of many wells. From this time to the present,
however, the typhoid in the winter and spring has become increas-
ingly prominent in spite of the fact that the number of wells has been

MILYAUKEE, YYIS. TYPHOID FEVER.
Deary rare per 100,000 PER ANNUM  BY MONTHS.

Jaw. | Fea. | Mar.| Aer. | May | Juwe| Joty | Ave | Ser | Ocr | Mow.| Dee.
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Crart 31.—The lowest {yphoid year in Milwaukee's history (1807) compared with the guinguennial
period previous to installing the new intake. The grest reduction effected was due in greatest
measure to reduction in Augnst, SBeptember, October November, and December,

steadily decreased and the use of the public supply correspondingly
increased. The wells may have played an important role in the
winter and spring typhoid previous to 1900, but with their steady
reduction, some other factor must have been responsible for the great
increase of winter and spring typhoid. This high prevalence in
January, February, March, April, and May is not an unusual oceur-
rence in any single year, but from 1903 to 1910 the winter and spring
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typhoid rates exceeded those of the second half of the year in everys
year except 1908, and this condition grew progressively worse as thes
population and sewage discharge inereased until in 1910 it enlminated]
with a death rate of 61 per 100,000 for the first half of the year..
(See Chart No. 32.)  Inthe decade ending in 1910 there were five yearss
with low, and five with distinetly higher typhoid-fever rates.

Typhoid death rate per 100,000: 1901, 21.7; 1902, 15.1; 1903, 16.8; 1904, 13.6; 1908,,
16.8; 1905, 22.9; 1906, 30.5; 1907, 25.7; 1909, 23.4; 1910, 43,

The low years were the first four and 1908. The years with higher-
rates were 1905, 1906, 1907, 1909, and 1910.

MiLAUKEE YIS, TyPHoID, FEVER.
DeATH rRATE PER 100,000 PER ANNUM BY MONTHS, AVERAGE FOR S YEARS,
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CEART 32—The years of low prevalence in Milwaukee in the last decade were low becanse of reduction in
the typhoid rates for (he first hall of the year.

Chart No. 33 shows that the high rates in 1005, 1906, 1907, 1909,
and 1910 were due almost entirely to excessive prevalence from
January to June, and that the low rates for 1901, 1902, 1903, 1004,
and 1908 were made possible by reduction of the typhoid during the
first half of the year. (These years with high rates in the first half
of the year are all in the last half of the decade.) The increase in the
rate from January to June since 1902 has been progressive and

1'

|
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oincident with the increase in the amount of sewage up to 1908,
n this latter year the rate was low for both halves of the year, but
1 1909 the rate from January to June was 24, and in 1910 the rate

eached 61.

MiLvAUKEE, WIS, TypHoID FEVER.
Deatr raTe rer 100,000 rER ANNUM BY HALF YEARS.
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CHART 33.—There is a fairly close relation between the curves for the two halves of the year, but in 1910
the rise for the winter and spring months (solid line) is very much greater ihan that of the second haif
of the yoar.

Chart No. 34 shows the typhoid rate in Milwaukee compared with
Detroit, Mich. Detroit has a water supply which can not be said to
be safe, but which luckily in the past decade escaped gross pollution.
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Detroit's typhoid curve resembles that of cities with safe wa
supplies. The contrast with Milwaukee's curve is striking, !
apex of the Detroit curve in September is usual in cities with S5
water supplies. Milwaukee, with the highest points in January ¢
March, presents a typhoid curve which is unusual in such cities g
commonly met with in cities with polluted water supplies. Ml
epidemics could cause such a rise as they may occur in any mom
They usually occur in the warmer months, and it is extremely 1
likely that milk epidemics would oceur in the winter each year

MiILWAUKEE, Wis. TypHOID FEVER.

OeAth RATE PER 100,000 PER miNum 8y MonTys sverice FoR/0 rEARS ﬁ;ﬂ
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CHART M. —Comparing typhoid fever, by monthz, in Milwaukee with Detroit.

a long period of years. Charts Nos. 35 and 36 show the explosive
onset of the 1910 epidemic in Milwaukee compared with the typhoidi
fever death rate in Cincinnati, Ohio, and N ewark, N. J., cities whieHl
have safe public water sy pplies.

Investigation by the Milwaukee board of health disclosed thati
the distribution of cases in the explosive outbreak of 1910 was general)
as would be expected in a water outbreak, affecting poor and wealthyy
sections indiscriminately and showing absence of local areas or
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“foci” of infection. The data gathered did not show a preponderance
of cases in children or other fact that would suggest milk as a prime
factor. A careful intensive study of typhoid cases and epidemiologic
data covering a long period, would be necessary to fix the proportion
of cases in any city which should be assigned to the various factors
concerned in typhoid transmission.

In Milwaukee the preponderance of winter typhoid can only be
explained by one of two factors, viz: A polluted water supply or a
repeated milk epidemic oceurring consistently almost every year in
the winter months. The State of Wisconsin has a very low typhoid-
fever rate, and in 1910 would have had a much lower rate, but for
Milwaukee, Superior, Racine, Sheboygan, Kenosha, Ashland, and
other cities. The rural districts supplying milk to Milwaukee have
low typhoid-fever rates. Milk plays a part in the transmission of
typhoid in all large cities, but under the circumstances must be
assigned a minor role in the transmission of winter typhoid in
Milwaukee.

Contact and flies no doubt are concerned in and largely responsible
for the typhoid in the second half of the year, especially if coupled
with licht cases, bacillus carriers, undisinfected excreta, and insani-
tary yard privies, but while all these factors except flies may be
operative in the winter months, they should have their greatest
activity from July to December. A careful study of the facts and
conditions leaves no escape from the conelusion that water is primarily
responsible for the bulk of the winter and spring typhoid in Milwaukee,
including the explosive outbreak of 1910.

What Milwaukee needs immediately is filtration or treatment
of the public water supply. The treatment with hypochlorite of
lime was tried in 1910, and the tables show that it had a beneficial
effect. 1t was discontinued presumably because of complaints
against the taste or odor of the treated water. With proper attention
to dosage and mixing, these objections could be obviated. The
hypochlorite method is successfully employed in other cities, and
where no unreasonable prejudice exists and proper supervision over
dosage and mixing is exercised there need be no complaint. ITypo-
chlorite treatment is a temporary expedient of the greatest value
in giving prompt protection to the public against a contaminated
water supply. Very good and sufficient excuses are necessary to
explain its discontinuance in Milwaukee and failure to use it tem-
porarily, at least pending the installation of a permanent filter plant.

The installation of a plant to filter or treat its public water supply
is & duty which can not be evaded in any city whose supply is con-
taminated or exposed to contamination. No system of sewage
disposal, however elaborate or complete, can absolve the authorities
from this duty. The proposed sewage-disposal scheme in Milwaukee,
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while making conditions infinitely better from the standpoint
nuisance, does not and can not remove the menace to an untreat:
or unfiltered public water supply. The washings of the land surface
the storm overflows from sewers, and other sources of pollutiy
will make necessary filtration or treatment of Milwaukee's watt
supply even after the sewage plans are completely carried out.
Further, such improvement as may come from these plans will be
the future, and years must elapse before their fulfillment. In i
meantime the public water supply is exposed to such contaminatic
as occurred in 1910. Sewage disposal must always be secondary 1|
the treatment of the water supply as a measure intended for tll
prevention of disease, and, as indicated above, the most elaborau
plans can only assist in securing a good raw water for the filte:
and do not insure a safe water supply without filtration or treatmen:
It is noted with satisfaction that the commission of eminent exper-
recommended that the public supply be filtered, although they wen
not instructed to devise plans for water purification , but only fu

sewage disposal.
RACINE,

Racine is situated on the west shore of Lake Michigan at tH
mouth of Root River. The population in 1010 was 38,002. Ninett
per cent of the population are tributary to the sewers, and com
paratively few are dependent upon privies.

SEWERS.

There are about 73 miles of sewers discharging by 14 outlett
into Root River and Lake Michizan. There is no treatment of thy
sewage. :

WATER SUPPLY,

Probably 7,000 people still depend upon surface wells. The remaim
der, over 80 per cent, receive and use the public supply. The intaks
is in deep water 1} miles from shore and about 2 miles from the
nearest sewer outlets. The greatest danger is probably from Racine’f
own sewage, as the Milwaukee sewage is discharged more than 2(
miles north of the Racine intake, |

The typhoid-fever records for Racine furnished by the State boara
of health for 1908, 1909, 1910 and 1911, show some interesting an«
suggestive features.

In 1908 the typhoid death rate per 100,000 was 16.6, but inasmueH
as all these deaths occurred in February, March, and April the rate
for the first half year (or really for February, March, and April) was
33.2 and that of the second half year from J uly to December was 0.

In 1909 the yearly death rate per 100,000 was 24.3 for the entire
year; the death rate per annum for the first half year was 21.6)
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e rate for the second half year was 27. In 1910 the rate for the
st half of the year was still higher, 47.3, and in the second half of
@ year the rate was also high, reaching 68.4 For the first five

nths of 1911 the rate in Racine was 31.5.
To summarize:
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Mar 13, —Racine, Wis., showing position of waterworks intake,

Typhoid fever, death rate per 100,000 per annwm, by half years.
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There has been an average annual typhoid death rate per 100),
of 33.4 in Racine from January to June for the past four b
(1908-1911). This rate, compared with the rate from July to Dec:
ber, is abnormally high, and oceurring consistently each year fi
number of years suggests that a polluted water supply is responsii
An intensive study of the epidemiologic data and a careful di
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Map 14.-~Kenosha, Wis., showing position of waterworks intakes.

examination of the water for a long period would be necessary

order to establish definitely the role played by water in Racing
typhoid. From the facts at hand, this seems another instance
too much dependence upon distance from shore and position of ti
intake as a protection of the public water supply from sewa
pollution,
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EENOSIHA.

Kenosha is situated on Lake Michigan about 10 -miles south of
lacine. The sewage is not treated and is discharged into the lake
lirect or by means of Pike Creek. The population in 1910 was
1,371

The waterworks intake is located nearly a mile off shore in 30
eet of water. The distance which Racine's sewage would have to
ravel to reach the Kenosha intake minimizes the danger of pollution
rom that source. Kenosha's sewage up to the present is not of
reat volume and is not projected far into the lake by a large
iver. Probably for these reasons the serious pollution at the
{enosha intake does not occur frequently or regularly. Pike Creek
was small volume, and sewage pollution is very likely to travel most
f the time north or south with the currents in the shallow water near
hore. The possibilities for occasional pollution are present, however,
nd modified only by the amount of sewage, the distance to the
ntake, and the amount of water available for dilution. The amount
f sewage may be expected to increase, the distance to the intake is
mly one mile, and the factor of dilution is often greatly reduced by
he action of currents. If currents should be established toward the
ntake, the sewagze would have little np]mrtumty for dilution in the
ransit of 1 mile.

In 1908 there were recorded 10 deaths fmm typhoid fever in
{enosha: 9 of these occurred in September, October, November,
nd December, and only 1 from January to June. During that
rear the death rate per 100,000 was 58.2. In 1909 the rate was much
ower, being only 22.2. In 1910 the rate was higher (35), but 5 out
f 7 deaths occurred from September to December.

WATREGAN.

Waukegan, Tll., had 16,069 inhabitants in 1919. The sewage
f Waukegan is discharged untreated into Lake Michigan. The
mount of sewage is estimated at 1,000,000 gallons daily. It is
lischarged less than a mile from the waterworks intake. The lake
vater is delivered without treatment or filtration to the consumers.
\ecording to analyses made by the Illinois State Water Survey and
wesented by Prof. Edward Bartow,! the water was frequently con-
aminated by sewage.

Waukegan has suffered from typhoid fever outbreaks, and in 1907
wad a typhoid rate of 49 deaths per 100,000. In 1910 there were 26
leaths from typhoid fever in Waukegan, giving the very high rate of
62 d{*&t.hs per 100,000.

—— —————

t Barlow, Edward, First Report, Lake thlug]l:l.l Water Cnmmissmu, 1609, p. 41,

—_— e I
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EVANSTON.

Evanston had a population in 1910 of 25,000. It is essentially’
part of the city of Chicago and, although a separate municipality,
included within the boundaries of the sanitary distriet.

The sewage of Evanston amounts to more than 6,000,000 galloy
daily and is at present discharged into Lake Michigan, althoug

T R /
- H—

B |
|| ":__]D[ L A K E

e

R IF

AR

|

I
J

I
I
)

f.-"

n

I
I

NENEET NN =

MICHIGAMN

T | e | | | |

OO CIEIE g =)
EEEEEREEE fll ImrEL_J

S N R
L]
L]
[
E
[]

MAP 15.—Wankegan, I1l., showing waterworks inlakes.

eventually it will be carried to the north shore channel by intes
ceptors.  This sewage is a considerable factor in the pollution .
Chicago’'s water front and its most direct effect is naturally on tll
Lake View Intake. Evanston's own water supply is taken fro
Lake Michigan and is probably polluted by Evanston’s sewage.

A survey made by Prof. Edward Bartow ' showed the wate
works intake to be within 14 miles of the sewer outfalls, Numerow

S

1 Bartow, Edward, First Report of the Lake Michigan Water Commission, 194)9_-;-.;-&
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nalyses of Evanston’s water are presented by Prof. Bartow which
howed a contaminated water. Evanston’s typhoid fever rate is
igher than Chicago, but lower than that of Waukegan. The typhoid
aver rate in 1910 was 28 deaths per 100,000.

During the latter part of 1908 and 1909 Evanston mnproved and
xtended its intake. Prior to this improvement, Evanston had a
0-inch intake extending to a submerged erib one-halfl mile from
hore. The improvement consisted of a line of 36-inch pipe extend-
ag from the shore to the end of the 30 inch at which the 30 inch and
6 inch were joined into a single line of 42-inch pipe which extended
o the new inlets located 14 miles from shore. The improvement
vas completed October 15, 1909.

Very recently (January, 1912) hypochlorite of lime was used as a
emporary expedient to cut off a typhoid epidemic. The results
vere good in making the water safe; but the local health department
egards the hypochlorite treatment as a temporary expedient only,
s the objectionable turbidity is not removed thereby. For this
eason, the health department has strongly recommended the installa-
ion of a filter plant.

CHICAGO.

The growth of the city of Chicago finds no parallel in history.
from a population of 7,500 in 1843 it has grown to be the second
ity in the United States with a population in 1910 of more than
1,000,000. No argument is necessary to show the importance to
he whole country of sanitary conditions in Chicago. Its vast com-
nerce and giant industries make it the metropolis of an enormous
erritory and bring thousands of visitors daily from nearly every
dtate in the Union. These visitors drink Chicago’s milk and water
md eat Chicago’s food. Contamination of these articles of food or
frink by typhoid fever germs means infection of transients as well
8 citizens—transients who go to their homes in other States to estab-
ish new foci of typhoid fever. These transients and interstate
ravelers are less able to protect themselves against contaminated
‘'0ood or drink than the citizen who heeds the warnings of Chicago’s
wxeellent department of health. Thousands of interstate travelers
Irink water on trains which is taken aboard cars in this great railway
senter, and the character of Chicago’s water supply is of vital import-
mce to these travelers and to the States to which they are destined.

SEWERAGE BYSTEM.

In considering the sewerage system of Chicago as it exists to-day,
t is necessary to note the origin and development of the sanitary
listrict of Chicago.

The sanitary distriet of Chieago was organized in 1889 under the
reneral law of Illinois providing for the creation of sanitary distriets.
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This effect is accentuated in summer, when the oxygen content of i
lake water is at a minimum. As a result the limit of 10,000 cul
feet per second is already barely sufficient without waiting for {|
population to reach 3,000,000, which would be about 1920,

The officials of the sanitary district, and especially Mr. George
Wisner, chief engineer, have recognized for years this eventualii
and very wisely prepared for it. A testing station was establish
in 1909 where sprinkling filters, sedimentation tanks, and otl
devices for the rapid treatment of sewage are under observatic
This station has been condueted under the supervision of Mr, Langdl
Pearse, the assistant engineer of district. Tanks of the Imhof pel
tern and original modifications have been tested. The work done:
this station is not only of immense value in determining the mau
economical and efficient method of solving Chicago’s sewage problex
but is destined to have an educational value far wider than this.

Detailed description of the methods devised and recommended #f
the sanitary district to continue caring for Chicago’s sewage with tt
amount of lake water available may be found in an excellent repe
on sewage disposal made to the board of trustees of the sanitary dl
trict of Chicago by George M. Wisner, chief engineer, in Octobe
1911. Further details of the very interesting and valuable work
the experimental station are given by Mr. Langdon Pearse (assista:
engineer, in charge of sewage disposal investigations) in the Enginee
ing News, March 31, 1910,

The problem arising in Chicago in consequence of premature:
reaching the limit of disposal by dilution presented broadly two soll
tions—either the removal of a small percentage of solids from ¢l
entire sewage or a more thorough purification of a smaller portion «
the sewage.

Mr. Wisner shows that it is more economical to purify more com
pletely a portion of the sewage than to effect the same result by ven
slight purification of the entire sewage of the city. This purificatio:
will be accomplished at convenient sites, as indicated on Mr, Wisnerr
map. The tanks will probably be eonstructed on the Imhof pattern
combining an ordinary sedimentation with a lower septic compar-
ment. The application of these remedies will be progressive, an
Mr. Wisner recommends beginning at once. The final purificatio
with sprinkling filters is provided for, but necessity for their installs
tion will not be urgent before 1930. This thorough and comprehen
sive report covers every phase of the problem, and it is deemed ac
visable to print Mr. Wisner’s conclusions and recommendations ii
full, as follows:

CONCLUSIONS,

1. The present scheme of rewage dizposal by dilution has been a pronounced success
When the canal was designed it was not intended that the crude manufacturing waste
ahould be deposited therein, as they have been and are now being. Practically nothl



137

ng was known of the absorption of oxygen from water by organic sludges that deposit
n the bottom of the river and canal. In spite of these limitations the canal for 12
ears has furnished a most efficient and economical method of disposal of the sewage
i the district.

2. The amount of water available for dilution, if taken at 10,000 cubic feet per sec-
nd, will be insufficient after 1922, when supplementary methods of sewage disposal
7ill have to be installed.

3 A local nuisance exists in the North Branch, South Fork of the South Branch, and
he West Fork of the South Branch. This condition can be materially improved by
he installation of settling tanks to remove the settling suspended matter. These
anks should be installed in the stock yards district, at certain places along the North
3ranch, and in connection with the sewers now discharging into the Ogden ditch.

4, The construction of settling basins of the Emscher type at various points as speci-
ied will improve the condition of the canal as a whole, as well as locally.  Eventually,
round 1930, the construction of sprinkling filters or other methods of treatment, sup-
dlementary to sedimentation, will be required.

5. The maximum amount of water possible should be flowed through the canal at
1l times.

6. The condition of the Illinois River is vastly better than it was prior to the open-
ng of the canal. The river, during the past year, owing to the lack of spring floeds to
cour it of deposits of mud, has not been as good as it was for the previous few years.
Vith the installation of sedimentation plants, and the improvement of the sewage as
mtlined in this report, the water of the Illinois River will be in excellent condition.
Che water in the river ghould be kept flowing as swiftly as possible. Dams will prob-
bly prove a detriment from the standpoint of sanitary conditions.

7. A minimum of at least 2} parts per million of dissolved oxygen should be kept in
he Illinois River below Marseilles at all times. It is desirable that an amount around
ik to 4 parts per million be always present. However, specific tests on the various
cinds of fish are required to definitely determine the amount of oxygen necessary for
ish life.

8. The speedy construction of the Calumet-Sag Channel is essential for the Calumet
listrict in order to remove the danger of gross pollution of the Sixty-eighth Street crib
ntake. It is also highly desirable in order to improve the conditions of the Main
thannel and the Des Plaines River by supplying additional dilution water.

9. The use of water to-day in Chicago is excessive and should be cut down by the
sroper inspection of plumbing and the installation, on an extended scale, of meters.
This does affect directly the interests of the sanitary district of Chicago, as the size
sf intercepting sewers, sewage pumping stations, and plants for treatment under the
cheme in consideration is materially affected. Not only is the size of the plants and
heir design affected, but there is an annual cost which is practically wasted to cover
‘he pumping of sewage due to this extravagant use of water. This is a direct drain on
he community without any return, as the water can be flowed more cheaply for dilu-
jfon purposes directly through the Chicago River and Drainage Canal.

BRECOMMENDATIONS.

1. Steps should be taken immediately to develop the scheme outlined herein, and
the details of the project which require the earliest attention should be fully devel-
wped. The chief engineer should be ordered to prepare plans and specifications for
he most immediate projects. .

2, Property and rights of way should be secured at once to cover the probable sites
sequired for the improvements up to 1930.

4. Wherever the city of Chicago undertakes any new sewer work, the sanitary dis-
wict of Chicago should secure provisions for seuling plants.  In general such plants
should be constructed simultaneously with the sewer outfall.
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The organization of a sanitary distriet of Chicago had for its primary:
object the protection of its public water supply by diverting the:
sewage from the lake front to the river and canal. Its secondary
object was to relieve conditions which were extremely offensive to
sight and smell. As a result of the activity of the sanitary district,,
the Chicago Drainage Canal was constructed.

Chicago is situated on the west shore of Lake Michigan at the:
mouth of the Chicago River. The divide between the lake drainage
area and the drainage basin of the Mississippi is here very close to)
the lake. Advantage was taken of this topographical feature to
carry Chicago’s sewage away from the lake and toward the Mis--
sissippr. Chicago’s sewage, instead of discharging, as it formerly did,,
into Lake Michigan, now travels by means of the sanitary canal from:
the Chicago River at Robey Street to the Desplaines River at Joliet,
35 miles away. IFrom Joliet by means of the Desplaines and Illinoiss
Rivers the sewage theoretically reaches the Mississippi.

Map No. 16 shows the drainage e¢anal (the main channel and the:
north shore channel), the Chicago River, and the two pumping sta--
tions, intercepting sewers and conduits through which the lake:
water is forced into the system for dilution purposes. This map.
also shows the proposed Calumet sag channel which will reverse the:
flow in the Calumet, and is destined to care for that portion of Chi-.
cago sewage which still reaches the lake by means of the Calumet
River.

NECEEBSITY FOR OTHER MEANS THAN DILUTION.

The employment of dilution in the disposal of Chicago’s sewage has
served ifs purpose admirably. In the past 10 years it has diverted
the bulk of the sewage from the lake and the vicinity of the water-
works intakes and has immeasurably improved the condition of the
Chicago River. The amount of dilution used was based on Mr,
Rudolph Hering’s estimate, and the charter of the sanitary district
provides that 3.3 cubic feet per second of lake water for each 1,000
inhabitants be used. The population is now about 2,000,000, requir-
ing, according to the charter, about 6,000 cubic feet per second for
dilution. At this rate, when the population reaches 3 ,000,000, 10,000
cubic feet per second would be required. The War Department has
ruled that 10,000 cubic feet per second is the limit which the sanitary
district may divert from Lake Michigan. There are other reasons,
however, why the limit of dilution by 10,000 eubic feet will be reached
even earlier in Chicago. Enormous quantities of industrial wastes of
an oxygen-consuming character are poured into the waterway. The
dams and long reaches with slow flow cause accumulations of septic
sludge wnich take the oxygen out of the lake water rapidly. This
reduces the oxidizing power of the diluting water from the lake.
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Mar 16.—Chicago, 1il., showing diversion of sewage [rom Lhe lake by the sanitary drainage canal systen.
When the North Shore Channel is in operation, all the sewage from Wilmette to Eighty-seventh Street
will be diverted from the lake. The proposed Calumet S8ag Channel is shown, which will divert from
the lake the sewage at present carried by the Calumet River. The various waterworks cribs or intakes
are shown., Note the position of the Hyde Park crib in relation to the sewage polluted Calumet River.
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4. The discharge of industrial wastes into the river or sewers ghould be regulated
kept under the control of the sanitary district.  Present conditions should be impmﬂ
as far as practicable. The removal of the seutling suspended matter is absolutes
essential. Other treatment may be required where wastes are harmiul to fish life |
the dilution scheme,

5. Sewage-disposal plants located inside the sanitary district of Chicago should 1Y
subject to the supervision of the district.

6. The sewers that now discharge into that portion of the West Fork of the Sow
Branchwest of the collateral channel should be extended to discharge into the ma
channel, after which the so-called Ogden ditch should be filled up, as it will se
no useful purpose. If left open thiz ditch will be an expense, a numnce andl
breeder of mosquitoes,

7. Intercepting sewers should be constructed from the mouth of the Calumet Riwv:
to the beginning of the Calumet-Bag Channel near Wildwood.

8. Construction of setiling basins of the Emscher type should be included :
the plan of the Calumet-Sag region. These should be constructed at the outfall of ¢}
proposed intercepting sewers and should be completed before the opening of tf
Calumet-Sag Channel,

9. Negotiations should be started with the proper authority in Indiana to indusd
the municipalities located along the Calumet watershed to take immediate steps
purify the sewage now being discharged into the Calumet River and thence imj
Lake Michigan. Work along these lines should be started at once in order that tl:l1
project may be completed as soon as possible,

10. Inmroepung sewers should be constructed for the removal of the sewage nu:d
being discharged by Evanston into Lake Michigan. It isalso advisable that a set
basin of the Emscher type be built at the outlet of this intercepting sewer in order ‘¢
keep the condition of the North Shore Channel as good as possible.  With regard 't
the towns north of Wilmette a detailed report should be made covering the questicol
of the purification of the water and the treatment of the sewage for the various towrn
as a whole and as units. The cost of filtration plants for the water supply and sewaged
digposal works, with their annual maintenance, should be compared with the cost «d
intercepting sewers,

11. The sanitary conditions of the tributaries of the Illinois River should be in
tigated, particularly on account of the conditions existing in the industrial tu‘ﬁ:lj
The discharge, quality, and source of sewage, both industrial and human, should F
made a matter of record. Measurements of the flow and chemical analyses of
Illinois River and its ributaries should be systematically kept. Experiments shou
be made to determine the amount of oxygen required for the various kinds of fish.

12. The emergency use of hypochlorite of calcium as a sterilizing agent on th
water supply coming from the Sixty-eighth Street crib should be undertaken g
once. With a heavy flood in the Calumet River, acmmpumed by a southerly winc
the pollution of the water supply coming from this crib is certain. If possible
apparatus should be built during the coming winter. This should be built by
city of Chicago in case the sanitary district has not the right or power to do so.
this chemical is applied properly it will render the water harmless, but if not apoli
pending the completion of the Calumet-Sag Channel the water from this crib will
unsafe at times.

13. To protect the intakes of the water supply the Federal and State authori
have the right to prohibit the discharge of sewage from vessels inside the harbor or it
entrance. Regulations should be established and rigidly enforced covering
construction of tanks to carry the refuse, or else the closets should be locked while th
vessels are within a minimum distance of, say, 5 miles from shore,

The Government also has a right to establish a dead line around the intakes, wi
buoys or otherwise, to prohibit all vessels from passing within these buoys or

]
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Ipmtac:inn. It is recommended that the Government officials be requested to
{ablish such regulations,
E;-, In order to rigidly enforce the provisions of the Federal statute and the con-
wets made thereunder for dredging and the disposal of spoil in the lake, action should
taken to prosecute the captains of all tugs who are negligent in carrying such spoil
the distance prescribed by law and contract.  While this does not relieve the con-
wtor of his liability, it does impress upon the man in active charge of the work the
pessity of obeying the law. The promiscuous dumping of waste materials into the
te, even 8 miles from shore, is an economie loss to the community, for if the material
e saved by dumping it in shoal water behind tight bulkheads it would create
ues many times in excess of the cost of disposal. This created land would be
ul either for park purposes or outer harbor improvements when it would be impos-
e, on account of storms, to deposit the excavated material 8 miles from shore,
5. The water services in the city of Chicago should be metered.
6. In connection with the systematic study of the Illinois River, the operation of
Thirty-ninth Street testing station should be continued, particular study being
en to the extension of partial purification by aeration and roughing filters.
e laboratory and engineering organization in the sanitary department are abso-
ly essential to the program outlined, both as regards immediate and future devel-
18 in construction, operation, and maintenance.
7. Ttisrecommended that no municipalities outside the sanitary district of Chicago
allowed to discharge into the Drainage Canal or any of its tributaries a putrescible
¢; butif municipalities outside the limits of the sanitary district desire to deliver
wonputrescible effluent from a sewage-purification plant to the Drainage Canal or
w of its tributaries, it is recommended that they be encouraged to do so.

THE CALUMET BAG-CANAL PROJECT. -

The greatest menace to Chicago’s water supply and the most
portant sewage problem confronting Chicago at present is the dis-
al of sewage in the Calumet drainage area. As a protection
inst this menace, and as a solution of this problem, the Calumet
-Canal project is offered by the officials of the sanitary district.
'As shown above, the sewage of Chicago north of Eighty-seventh
reet, including Glencoe, Winnetka, and Wilmette, is to be diverted
m the lake to the drainage canal. Evanston still sewers into the
e, and the distriet south of Eighty-seventh Street still sewers into
Calumet Raiver.
When the sanitary district act was passed, this so-called Calumet
trict was not included. It was not thickly inhabited and its tax-
e value was low. After the distriet was formed, the Calumet sec-
n grew rapidly and desired a sewer system discharging into their
tural drainage channel, the Calumet River. As the mouth of this
er is only about 43 miles from the Sixty-eighth Street water
rks intake, Chicago very naturally objected. The ensuing dis-
te resulted in the Calumet distriet being included in the sanitary
trict. This was done in 1903, and the same act took in the
srthern towns from Evanston to the Cook County line. A commis-
m on the problem of sewerage for the Calumet district was formed,
i@ members being Messrs. G. M. Wisner, chairman; John Erieson,
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C. D. Hill, and William S. MacHarg, secretary. The following extre
from their report made in February, 1909, explains the situation::

The natural drainage of this district is into the Little Calumet and the Calum
Rivers, discharging into Lake Michigan at the Calumet Harbor entrance. The ¢
tance from the mouth of the river to the Sixty-eighth Street crib, measured aro
the eastern end of the Government breakwater, is about 43 miles.

The drainage area of the Calumet River, which is formed by the junction of 1
Little Calumet and Grand Calumet Rivers at or near the city limits and Torre
Avenue, is 806 square miles, of which 455 square miles are in Indiana and 851 in
nois. The Grand Calumet has a small drainage area, and practically may be ign
as o flood factor. The flow of water is derived almost wholly from the Little Calu
and gaugings show that the mean daily rate of flow is about 970 cubic feet per secor
the lowest rate for a monthly period being less than 400 cubic feet per second,
the highest 3,323 cubic feet per second, with a maximum flood discharge for a
period at the rate of 13,000 cubic feet per secand.

The sanitary district of Chicago contains substantially 350 square miles, and t
portion of the district tributary to the Calumet River lies south of Eighty-sevem
Street and comprises 100 square miles, 40 square miles of this latter area lying wi
the city limits.

Fifty-six per cent of the watershed of the Calumet River lies in the State of I
ana, and the people in this watershed and adjacent to Lake Michigan are now g
sidering the construction of works to take care of the sewage and storm water of
area. It is proposed to construct a cut from the Little Calumet to Lake Michigan .
Porter County, Ind., which will divert a large part of the storm water directly into
lake. Even with this relief, however, the flood waters which we will have to d
with will probably exceed 6,000 cubic feet per second.

Having stated the natural conditions which obtain in this district, we proceed wii
with our report, and confine our attention to that part of the Calumet district 1vii
within the city limits, an area of 40 square miles.

From inspections made by this commission, both the Little Calumet and G
Calumet Rivers, in this State and in Indiana, with the present population, are in ;
extremely polluted condition, and with the rapid increase of population which
ensue from the industrial development of the district lying 15 to 20 miles east of t
State line of Illinois, this pollution will increase and is wholly without the jurisdii
tion of the city, the sanitary district, or of the State of I1linois,

We are of the opinion that whatever may be done in the matter of sewage purifics
tion in the towns of northern Indiana it will be practically impossible to make the trii
utaries of the Calumet River unpolluted streams, and that it will be necessary un
any conditions to divert the daily flow of this river to the drainage canal.

We assume, therefore, that a canal will be built of sufficient capacity, connectis
the Little Calumet River to the drainage canal at or near the Sag.  Because of thel
in the river, controlling works would be built at the point of junction of the
and river to prevent the passage of excessive flood water into the drainage canal.

Owing to flood conditions, it is unwise to discharge raw sewage into the river. Ni
only would the water be heavily polluted at all times and subject to flow into
lake, but a considerable deposit of organic matter would oecur and the aceumul
deposit would be thoroughly scoured out into the lake by flood. Whether equal
dangerous with the dissolved or suspended sewage or not, the decomposing ma
composing this deposit would be highly offensive, and the discharge would be
tinuous over a considerable period of time,

To prevent this discharge of sewage into the river, it is practicable to build in
cepting sewers on each side of the river, beginning near the mouth of the river, wi




141

onstant fall to a pumping station located at a convenient point, which probably
uld be at or near Indiana Avenue and One hundred and thirtieth Street, whence
» sewage would be pumped and delivered into the canal west of the controlling
tks. The controlling works may be located near the junction of the river and
ny Creek at Center Avenue and One hundred and thirty-first Street, at which
nt it i probable the Sag Canal would commence.

he intercepting sewers would ordinarily collect the sewage only, but in time of
1 would take the first run of storm water; the latter as it increased in quantity and
ity would pass over the intercepting sewers and discharge into the river. The
antity of storm water from the 40 square miles lying within the city limits would
ount to about 2,000 cubic feet per second. The storm water irom the paved and
ed area of the city delivered through sewers would arrive in the river more quickly
1 would the run-off from the outlying portion of the district, and would in ordi-
storms have passed down the canal in time so that the latter would receive and
away the succeeding run-off, of which the rate of discharge would be less.
On the river at the present time there are two principal centers of pollution—the
st near the mouth, where the sewers from the Strand and from Ninety-second Street
pty at the north bank and where the Ninety-fifth Street system of sewers now
aring completion will discharge the sewage from a large district at Ninety-fifth

ot on the same side of the river. The total area draining to this center will aggre-
a 5,000 acres.
» second center of pollution is about 12 miles from the mouth of the river, where
s Indiana Avenue, Wentworth Avenue, and Halsted Street sewers discharge, also
the north bank, the sewage of 6,000 or 7,000 acres.
A= the sewers at both centers discharge into the river at the north bank, the first
arcepting sewer to be built would be that running through the district lying between
» river and Eighty-seventh Street. The general course of the sewer would be,
ing with its highest point at the intersection of the Strand and Harbor Avenue,
Harbor Avenue to Ninety-second Street, where it would intercept the Ninety-
sond Street sewer; thence to the pumping station at Ninety-fifth Street and Erie
enue, where it would receive the sewage from the Ninety-fiith Street system;
ence in a general westerly and southerly direction in One hundred and first
oot and Cottage Grove Avenue through Pullman, where it would intercept the
wage of the Pullman eystem of sewers; thence in One hundred and fifteenth
d One hundred and eighteenth Streets through Kensington, where it would
fercept the Indiana Avenue sewer; thence to a point on the river south of One
adred and twentyv-seventh Street, which is the probable location of a pumping
ion, where the sewage would be raised and discharged into the river beyond the
mtrolling works.
The sewage from the Wentworth Avenue and Halsted Street sewers may be brought
the same pumping station and raised and discharged with that from the east.
This would involve the construction altogether of about 10 miles of intercepting
wers, the largest of which would be 8 feet in diameter.
There is immediate need of a change in the sewerage systems of Pullman and Ken-
Egbun_. because the existing sewers are inadequate. This condition has been con-
ered in outlining the route of the above intercepting sewer, and it may be that
afford relief to these systems it would be necessary in the near future to construct
portion of the intercepting sewer between Pullman and the river.

t portion of the city lying east and south of the Calumet River would be cared

by a similar intercepting sewer, which would also discharge the sewage at the

ping station at or near the river and One hundred and twenty-seventh Street,
is sewer would be built later, when called for by increase of population in this part
the city.
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The work of constructing the Calumet-Sag Canal has been delayed
pending Federal permission, but actual excavation is expected
begin very soon.

WATER SUPPLY.

Chicago’s water supply is taken from Lake Michigan from ti
following intake cribs:

Lake View Crib.—Twenty-eight feet of water; 6 ports throu
breakwater, each 2% feet wide, for full depth of water; 4 ports thro
cylinder structure 25 feet to bottom of crib; each port 4 feet by
feet; 3 ports in cast-iron cylinder 22 feet below the water. .

Carter H. Harrison Crib.—Depth of water in the lake surroundii
crib is 36 feet; water gains entrance to the well room through s
ports, each 4 feet 6 inches square; bottom of said ports located
feet below the surface of the water; depth of water in the well ro
28 feet; water gains access to tunnel shaflt through three ports, eau
4 feet 6 inches square with bottom of ports 14 feet from the botte,
of the well room. !

Four- Mile Crib.—Depth of water in the lake surrounding criby |
38 feet. Water gains access to well room through five ports, eau
port being 4 feet 6 inches square. Said ports are located about :
feet below the surface of the water. Depth of the water in the Wi
room is 30 feet. The water gains access into the tunnel shaft througg
three ports, each 4 feet 6 inches square. Bottom of said porr
located 20 feet from the bottom of the well room.

Two- Mile Crib.—The Two-Mile Crib is divided into two structures
one known as the Old Two-Mile Crib and containing one 5-foot t
nel shaft and one 7-foot tunnel shaft. The other part is known
the Ross & Ross addition and contains one 7-foot tunnel shaft.

Ross & Ross Addition.—Depth of water surrounding this additi
is 35 feet. The water gains access to the well room through
piling and rocksill without any ports. The depth of the water in tli
well room is 24 feet. The water gains access to the tunnel sha
through three ports, each 4 feet 6 inches square, the bottom of s
ports being located 15 feet below the surface of the water.

Old Two- Mile Crib—Depth of water surrounding said erib is §
feet. The water gains access into the well room through four por
each 4 feet 6 inches square. One port is located 18 feet below tli
surface of the water, one port is located 16 feet below the surface i
the water, and two ports are located 4 feet below the surface of £}
water, all measurements being to the top of said ports. The wati
in the well room is 24 feet deep. The water gains access througs
one 7-foot tunnel shaft through three gates, each 4 feet 6 inchu
square, the bottom of said gates being 18 feet below the surface
the water. The water gains access into a 5-foot tunnel shaft througs
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ports, each 4 feet 6 inches square, the bottom of said ports being
B foet from the bottom of the well room.
 Sixty-eighth Street Crib.—Thirty-five feet of water; two ports in
akwater structure, each 25 feet wide, for full depth of water;
pur ports in crib structure, each 5 feet 6 inches by 3 feet 6 inches, with
ottom of same located 30 feet below the level of the water. There is
D feet of water in the well room. The water gains entrance to the
annel through three ports, each 4 feet 6 inches by 5 feet, located with
ottom of port 6 feet below water level.
| Map No. 16 shows the location of these various cribs and tunnels,
LA also the relative position of the nearest and greatest source of
ollution, the Calumet River.
The sewage of Chicago north of Eighty-seventh Street is inter-
pted and kept out of the Lake. This is also frue for Winnetka,
ilmette, Glencoe, Fort Sheridan, and the United States Naval
aining Station. In spite of this fact the amount of pollution
aching the lake after heavy rains is large. The surface washings
this very populous strip make a wide zone of polluted water along
e shore after heavy rains independent of direct sewage discharge.
The sewage of Evanston is discharged into Lake Michigan at
ent. In spite of the drainage canal, in times of unusual storm
d heavy rains large amounts of pollution may reach the lake by
ans of the Chicago River.!
Even after the Calumet-Sag Channel and the interceptors which
ake up that system are constructed, a large amount of pollution
ill be delivered by the Calumet in flood or after heavy rains. It is
ated by Mr. Wisner that, after the completion of the Calumet-
ag Channel, whenever the stream flow of the Calumet exceeds 2,000
ubie feet per second, the river will discharge into the lake, and that
is occurrence may be expected 22 days in the year.
Waukegan and several smaller north-shore communities still dis-
arge sewage into the lake, and north of the Wisconsin line the
ties of Kenosha, Racine, and Milwaukee discharge their sewage
to the lake. Iow far and how rapidly this shore pollution travels
pends upon currents. The effect of distance and dilution are
be reckoned with, but it has been shown that under certain weather
nditions these are but slender reeds to lean upon. Currents in the
e are changeable and can not be relied upon to protect intakes.
n the contrary, they may carry pollution from considerable dis-
ces to the intakes, although pollution from a great distance can
parcely cause the easily recognizable explosive outbreaks stamped
water borne.” Such dilute pollution may be responsible for many

1 Mr. Langdon Pearse estimates that a ran-of of 44 cubie feet per second per square mile over an area of 150
Eunm miiles would he necessary to reverse the current in the Chicago River toward the Lake. This would
a very unusual storm and while its oceurrence is possible, in Mr. Pearse's opinion, it is unlikely to ecour
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cases, scattered over a considerable period or occurring during
summer or autumn months when other factors can not be exclude
Further, water-borne cases, even il few in themselves, are Ind.lram
responsible for many cases usually aseribed to contact by fu
new foci from which these contact factors may operate. Ewven if
the sewage were kept out of the lake, the Chicago water supply co
not be expected to be safe without filtration or treatment 365 dam
in the year. However, the sewage discharged into the lake by mea
of the Calumet River is the greatest present menace.

The Calumet drainage area carries the pollution of about 200.0
people to the lake. The drainage area is small, being only al
800 square miles, but its population is increasing rapidly, and mu
of it is urban with a direct sewage contribution to the stream.

In addition to the pollution carried to within 4 miles of Chic
waterworks intakes by the Calumet River, the water in the southes
end of Lake Michigan is further polluted by the sewage and surfau
washings from Whiting, Indiana Harbor, Gary, and Michigan Citt|
Ind. Conditions in these communities w111 be more fully dlscum@ﬁ
later under their proper headings.

From these various sources the pollution of the southern portion {
Lake Michigan is such that contamination at the Chicago intaks
is common, not only at the Sixty-eighth Street or Hyde Park Crii
which is nearest to the Calumet River, but at the other intakes
well.

The following table shows results of bacteriologic examinatio
during 1909, made by the Chicago department of health:

ik Num

Boures of sample, Number of ﬁ:'“.“d

samples. tive

II B, colil

T o s e e e e s ety e e | 15
T Ly T T e o et S e | 155
Chicago Avanle. . . ....vnrenrnasnesns e e e e S T e | 154
T L e | s S S R i b A R S e | 124

12 2 R MR R T e R e e e o | 112

In 1911 the following results were obtained, using 1 e. e. sampl
in lactose bile for the B. coli test; samples taken nt the pumpi
stations, 1911

. Nuim
Bource of sammle. Number of
: R
Ty e TP L L e S i s St e g b1
ThCERGE NNBEIA: eins ns nae R e e R R R S 48
Frourteentiy Bineet (il ol ) . . . o i i r e e e e e b raal (1]
Slti}'-ﬁiﬂlh sl l M RC G BEE P e e e N R L 1
O B L L e e e s e S L o 5
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These results were obtained and furn.shed the writer by Dr. F. O,
mney, director of the laboratory of the Chicago Health Depart-
ent. They show that at present (1911) the IHyde Park erib is
pst subject to pollution, but the Lake View erib, which is farthest
ym the Calumet, was also polluted, as was shown in 25 per cent of
e samples examined. The 4-mile erib was polluted less frequently,
it was contaminated at times. Samples from the filtered water at
sgers Park indicate that the plant was at times unable to remove
e shore pollution taken in at the intake 3,000 feet offshore.

The immediate necessity of treating the Chicago water supply must
. apparent to every one acquainted with the facts. A plant for
sating with hypochlorite could be installed quickly, and the expense
operation would be only one-tenth the cost of filtration. The fact
at no explosive winter outbreak has occurred recently is no argu-
ent for delay and no excuse for furnishing a water which is contami-
ied, even if the pollution is only occasional or dilute.

TYFHOID FEVER IN CHICAGO.

In studying the typhoid-fever history of Chicago, one naturally di-
des the record into several distinct periods. The period from 1881
1893 was one of continuously high rates. From 1893 to 1809 there
1s a falling tendency evident in the typhoid curve, but the rates
are still high. In 1900, after the opening of the drainage canal, the
west typhoid rate in Chicago’s history up to that time was achieved.
L 1901, 1902, and 1903 there were epidemics, probably water-borne,
hich raised the yearly rate; since 1904 there has been a low yearly
te, with a tendency to decrease since 1907.
Average death rate per 100,000 typhoid fever: 1881 to 1893, 105; 1894 to 1899, 35.9;
20, 19.8; 1901 to 1903, 35.1; 1904 to 1910, 17.7. ,
Chicago’s typhoid-fever rate in the past seven years has been low
wugh to oceasion considerable satisfaction among its city officials,
wl certainly the reduction of the typhoid-fever rate from an average
59.7 in the 10 years ended in 1900 to an average of 17.7 in the past
years is an achievement to be proud of. There seems little doubt,
wever, that the splendid results on the typhoid-fever rates following
@ installation of the drainage canal and the North and South Side
terceptors have delayed the necessary and inevitable treatment of
i@ public water supply and diverted attention toward other factors
- the typhoid problem.
Chicago has always been progressive, and more than 45 years ago
ygan its practice of pumping water (or more correctly sewage) from
@ Chicago River at Bridgeport into the old Tllinois and Michigan
anal. This pumping would cause a reverse current away from the

T958°—12——10
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lake in the sluggish river and tend to protect the intakes, but in ti
of thaws and heavy rains the sewage was projected far out into thy
lake. The effect of the drainage canal in 1900 was noticenble, anal
caused many persons to think the problem was solved. Howeven
Chicago was growing very rapidly and the growth was in the distrie
which still sewered into the lake.

CHicago, LL. TyeHoro Feven.
Dearw RATE PER 100,000 8y years rFrorm 188/ 1o /910,
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CHART 37.—Typhoid fever death rates In Chieago, TN, by yvears, 1881 to 1910,

In 1902 the North and South Side interceptors had not been buil
and the drainage canal at that time did not carry the sewage of t
district north of Lincoln Park and south of Thirty-ninth Street,
population of nearly a quarter of a million which sewered direct in
the lake. To the installation of the North and South Side interce
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s may be attributed the bulk of the typhoid reduction noticeable
nce 1903,

That Chicago suffered terribly from water-borne epidemics of
phoid fever in the past is evident from a study of the records.
xplosive epidemics of such magnitude and with such general dis-
ibution as those of 1890, 1891, and 1892 could be caused by no other
ngle factor. The same is true of the 1902 epidemic, a sudden mas-
ve outbreak, with a general distribution, which oceurred in the
immer months.  Coming so soon after the opening of the drainage
wnal, many were inclined to think the water supply innocent, and
 lay the blame upon some other factor.

Water-borne epidemics may oceur at any time of the year. Water-
prne typhoid is not necessarily a disease of the first half of the year,
it epidemiologists have found it easier to execlude other factors
iring that period, and consequently have laid stress upon winter
id spring outbreaks in connection with a polluted water supply.

The pollution of a water supply is often made possible by the thaws
id heavy rains in winter and spring, but it must be remembered
jat heavy rains sometimes occur in June, October, or other months,
id may be equally disastrous. The very heavy rainfall of May,
e, and July, 1892, was followed by the massive outbreak in that
ar. In 1902 the rainfall was shown by Jordan! to have been
I:uter in May, June, and July than in any year since 1892, and fol-
ed by the explosive outbreak shown in Chart No. 38.

SEASONAL FREVALENCE.

With a typhoid death rate in 1909 of 12.6 per 100,000 there is some
an for considering water a negligible factor, but close study of the

nal prevalence, coupled with the known contamination of the
blic water supply, suggest that water is a factor to be reckoned with.
he dilution available in Lake Michigan is so great that explosive
lssive outbreaks easily traceable to water are unlikely to occur,
nee the bulk of Chicago’s sewage has been removed from the lake.
ill the dilute pollution may be responsible for many cases of typhoid
hose origin 1s diflicult to trace.
The Hyde Park intake is nearer the source of greatest pollution, and
eoretically the district served by this water should show more
phoid, provided water was the vehicle of transmission.
No accurate conclusions regarding the relation between water supply
id typhoid fever in the various wards can be drawn, for two reasons.
rst, although taken from many intakes the water is mixed to some
tent by intercommunicating mains, and the boundaries of a distriet
ing exclusively water from any particular intake can not be defined.

1 Jordan, E. 0. Journal American Medical Association, Vol. XXXIX, 1902, p. 1564,
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The amount of mixture depends vpon consumption and pressures
second, the comparison of one intake with another eould be but rela
tive, as they were all polluted at times during the year. In fact, it
1909 there was little difference between them in this regard. )

For these reasons we must not expect striking differences in th
various wards at present. Formerly the districts supplied by eaek
intake were more clearly defined, and deductions might have been
drawn.

The seasonal prevalence of typhoid fever in Chicago is abnorma
and irregular. Table 24 shows the typhoid death rates per 100, J.':_'
per annum in Chicago by half years.

Flm half,

Years, January

{0 June,
LN Lo e s i ] i i s i o B e i M R 1 QO M S T 14. 4
L e i e e s 12.5
D o e e e 13.0
I o e e e e e F0. 4
R T e T e e L o S o Sy R 13.0
B e i i U v e b ok T e et T e B Tl R e 16. 1
e i o s b R e 12.4
1004, .. 14.0
D e e o b e P s e e e 13.1
1na... BT

It will be seen that for 10 years 1900 to 1909, the rate for the firs:
half of the year was never below 12. In 1903 it was 30.4. Leavi

1906, 1907, 1908, and 1909) there has been an average rate of 14»‘
for the months from January to June. The average rate for the entire
year for this pnrind was 15.9. Cities whose annual typhoid death ra

demic (lﬂlf“i not oceur regularly every y‘ear in the winter or spring.

Chicago’s typhoid fever rate in these six years was almost as high
in the first six months of the year as the average rate for the entir
year. Such a phenomenon can only be explained by water-borng
typhoid or by a never-failing milk-borne infection manifested in th
winter months. Even more striking is the seasonal prevalence it
Chicago when studied by months instead of half years, and compare
with other cities. In making these comparisons of typhoid death
rates by months, it is essential, in fairness, that the cities comparet
have about the same yearly rate for typhoid fever. Chicago had &
rate of 12.8 in 1909 and 13.7 in 1910. These low rates for typhoit
placed Chicago ‘‘among the elect,” and in comparison only eiti
having rates below 14 will be used.
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éChal't No. 39 shows the average rate by months for the past seven
pars (1904 to 1910). During this period there were no marked
iidemics, and the general yearly rate for typhoid fever was low.

Cuicago, ILL. TypHotp FEVER.
Denrn RATE PER [00.000 PER ANNUM BY MONTHS  AVERAGE FOR ] YEARS, /90470 /910,
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ART 30— A vornge annoal typhoid-fever rate by months in Chicago, 1804 to 1910. Noie the persistently
high rates in January, Febroary, March, and April.

e steady, persistently high rate in January, February, March, and
oril is clearly shown.
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BT 40.—New York and Chicago, comparing seasonal prevalence of typhold fever in 1908, Note the
relatively high rale In Chicago for January, February, and March.

[n 1910 Chicago had the lowest typhoid fever rate from January
June in the history of the city. The rate for the entire year was
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higher than in 1909, due to an inereased prevalence in the summer n.nﬂ
autumn months. ‘J‘_et even in this year (1910) the rate was 8.5 fﬁ

TyeHoio Fever. __1.
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CHART 41, —In 1904 Chicago had a very low rate for typhoid fever. In the summer and automn mont a3

was lower than New York's rate.  There is an ugly “homp® in Mareh, which i3 in striking contrast 1_
the low rate for New York for March.

the period from January to June, which is not low in proportion to t
total yearly rate of 13.7.

TypHoio FEver
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CharT 42.—In 1010 Chieago had the lowest rate for typheid fever from Janunary to June in its histos
Still, compared with Cincinnati, Jerzey City, and Paterson—cities with safe water supplies—ihe n
in Chicago was consistently higher in January, Febroary, Mareh, and April.

Chart No. 40 shows the typhoid-fever death rate per 100,000 p
annum, by months, in 1908 in Chicago compared with New r:l

CINCINNATY, O, }
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ew York's water supply is not absolutely safe, as it is an unfiltered
irface water. It comes from a watershed carefully patrolled, how-
ver, and has large storage reservoirs. It must be classed as a good
ater supply and is probably safe, although the possibility of con-
umination is present. The chart shows the low prevalence of winter
1d spring typhoid in New York and the relatively high prevalence
| Chicago during the same period.

Chart No. 41 shows the same contrast. In this year (1909), in
hich Chicago achieved the lowest typhoid-fever rate in its history,
e rate for March exceeded that of Oectober, and the rate from

Typuoip Fever

Dearr RATE PER 100,000 Per ANNUM  BY MONTHS /9/0.
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[HART 43.—Boston had a higher rate than Chicago in 1810 for the menths of Beplember and November.
For January, February, March, and April the Chicago rates are constantly higher than those of
Boston even in this most faveorable yvear 19107,
nuary to June was higher than the rate from July to December;
10, as indicated above, had the lowest rate in Chicago’s history

r the winter and spring months, yet even this year does not ecom-

re favorably with other eities with approximately the same yearly

hoid rate, but with safe water supplies.

%hart No. 42 shows typhoid-fever death rates, by months, for 1910
Chicago compared with Cincinnati, Ohio, Jersey City, N. J., and

iterson, N. J., combined. These are the three cities in the “*honor

it" which have safe water supplies. Cineinnati and Paterson have
fered water, and Jersey City’'s water supply is treated with hypo-
florite of lime.
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Chart No. 43 shows the typhoid curve by months in Chicago's
best year, 1910, compared with Boston, Mass. Boston has an uns
filtered surface supply obtained by impounding streams. The
watershed is controlled and carefully watched, and there is very large
storage capacity in the reservoirs. The supply at present seems to he
safe, although the possibility of pollution is present. The difference
in January, February, March, and April in the two cities is at on e
apparent. 1
CALUMET RIVER DRAINAGE BASIN.

The drainage area of the Calumet River consists of about S0
square miles, of which 450 square miles are in Indiana and the
remainder in [llinois. Great variations in flow are peculiar to thy
Calumet. In certain seasons it is almost stagnant and in flood maj

. LAKE
A

\\ MICH!I G AN
"1\&

Mip17.—The Calumet River drainage basin. In addition to thesewage of Chicago, south of Eighty-seventl
Street, the Calumet receives the sewage and wastes of the industrial cities of East Chicago, Hammond
and Gary.

carry as much as 13,000 cubic feet per second. The population in
the Calumet drainage area is growing rapidly and is now abou
200,000. The sewage of about 150,000 of Chicago’s population soutl
of Eighty-seventh Street is tributary to the Calumet, as is also th
sewage of East Chicago, Hammond, Gary, and other communities i1
northern Indiana.
; EAST CHICAGO.

The population of East Chicago was 19,098 in 1910. The sewe: i
discharge into the Calumet River. One ward of East Chicago, whie
is called Indiana Harbor, and contains more than one-third of th
total population, is situated on and discharges its sewage into Lak
Michigan direct.




The waterworks intake for East Chicago is located 3,000 feet off-
pore in 20 feet of water. There are no wells, and the entire popula-
on depends upon the publie supply. The sewage of Indiana Harbor
discharged into the lake at a point about one-half mile east of the
ast Chieago waterworks intake.

East CHicaco, Inp. TypHoip Fevenr.
| Oearn rate per (00,000 rer anNUM BY MONTHS AVERAGE FOR 4+ YEARS 1907710 1910.
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CHART 44.—East Chicage, Ind. Seazonal prevalence of typhold fever.

Tasre 26 —Fast Chicago, typhoid-fever deaths by months.
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The appended table of typhoid deaths tells its own story. Chart
lo. 44 shows the death rate per 100,000 by months for the last four
sars. The months which in towns with good water supplies have
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the highest typhoid rates—August, September, and October—haves
the lowest rates in East Chicago. On the other hand, February,
March, April, and December, which have low rates almost invariably
in towns with safe water supplies, have the highest rates of all months;
in East Chicago.

Hammono, IND. Treraiw Fever. :
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Cuoant 45, —Hammond, Ind,, showing seasonal prevalence of typhoid fever,
HAMMONID, IND.

Hammond had a population in 1910 of 20,925. The city proper is
5 miles inland, but a portion called Robertsdale borders on the lake
The sewage of Hammond is discharged into the Calumet River.

The Hammond water supply is drawn from Lake Michigan by
three pipes of 30, 20, and 16 inch diameter, respectively. The intale
is 2,000 feet offshore in 20 feet of water. There are very few wells
and the use of the public supply is general. In addition to the diss
charge from the Calumet, the intake is subject to pollution from the
sewage of the glucose plant; from the Whiting sewers; two 36-inck
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wers discharging at the Hammond-Whiting boundary line, and also
a lesser degree to the 36-inch sewer at Indiana Harbor.

TapLE 27— Hammond, typhoid-fever deaths by months.
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Table 27 presents in a striking manner the result of drinking
afiltered and untreated lake water exposed to almost constant pollu-
. Chart No. 45 shows the preponderance of typhoid to be in the
st half of the year. The very high rates in January, February,
lareh, and April are only slightly exceeded by September and Octo-
r. The figures given for 1911 indicate that the conditions which
te responsible continue to operate.

WHITING, IND.

Whiting’s population in 1910 was 6,587. Its sewage is discharged
r three outlets, viz, two 36-inch and one 6-foot sewer from the
andard Oil plant. The water supply is taken from the lake 2,000
let from shore in 20 feet of water. The entire population depends
hon the public water supply.

TasLe 28.— Whiting, typhoid-fever deaths, by moniths.
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Whltmg s typhoid records resemble those of Hammond and East
hicago. The unfiltered water from the contaminated southern end
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of Lake Michigan is responsible without doubt for the high rs ;
and peculiar seasonal distribution of the deaths as bh{}WIl by Char
No. 46. 1

WHITING, IND. Trenoip Fever

DEATH RATE PER 100,000 rER ANNUM By MONTHS AVERAGE FOR T YEARS
/904 10 190,
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CHART 46.—Whiting, Ind., showing seasonal prevalence of typhoid fever,




157

GARY, TN,

The new industrial city of Gary has had a mushroom growth. Tt
only about four years old, but in 1910 had a population of 16,802,
» typhoid figures were available from Gary except those for 1910
d a portion of 1911. No conclusions can be drawn from one year's
atistics in a small ecity. The same general conditions may be
pected to prevail as in adjoining communities.

Fyphoid fever deaths by months.
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Gary’s water supply is taken from Lake Michigan, 14 miles from
ore. The sewage of Gary is discharged into the Grand Calumet.
e sewerage system has beéen installed with a view to future puri-
tion as the city grows.

MICHIGAN CITY, IND.

ichigan City’s population in 1910 was 19,027. The sewage of
chigan City is discharged into the harbor, or Trail Creek, which
pties into the lake at Michigan City. The sewage from the State
on, with about 1,000 inmates, must also be considered, as such
age is discharged untreated, with a portion of the city sewage,
the harbor.
1908 a very thorough sanitary survey of Michigan City was
de by Barnard and Brewster,' of the Indiana State Board of Health.
indebted to them for material relating to the water supply,
ich follows:
The water supply is taken from Lake Michigan, 3,700 feet from
harbor’'s mouth, in 40 feet of water. There is also a harbor intake,
Eich is used when the lake intake becomes elogged with ice. The
rbor water is grossly polluted, and the use of this harbor intake
Is been followed by disastrous results, as evidenced by epidemices
so-called winter cholera and typhoid fever. The State prison
Is its own water system, with an intake 3,800 feet offshore and 1
le west of the mouth of the harbor. There are quite a number
dangerous shallow wells in use. Barnard and Brewster found
o-fifths of these shallow wells to be contaminated.

[Barnard, H. E., and Brewster, . H. The character of the water supply of Michigan City,Ind. First
ort, of the Lake Michigan Water Commission, 1909, p. 135,
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Table No. 29 shows the deaths from typhoid fever in Michigas
City by months from 1901 to 1910,

Typhoid fever deaths by moniths.
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Chart No. 47 shows the seasonal prevalence of typhoid fever i
Michigan City, an average for 10 years being taken. It is verr
irregular. The highest month is June, the next highest are Decem:
ber and February, and the lowest is September. This peculias
curve could only be explained by the existence of a contaminatee
water supply, considering the fact that the preponderance of wint
and spring cases was consistent and in evidence every year. Asi
matter of fact the analyses made by Messrs. Barnard and Brewsfi
amply proved this fact. Both the public supply and many priva

wells were found contaminated.

CONCLUSIONS.

1. The installation of a filter plant in Escanaba has had a striking
result. In spite of poor efliciency at times, the general effect is man
fest and the typhoid fever rate has been reduced from an averag
of 203 for the six years (1904 to 1909) preceding filtration to 61 fi
1910, the first year after filtration was practiced. There was a coil
cident drop in the “enteritis” rate from an average of 213 for |
years (1900-1909) to 123 in 1910. Although the filter efficiency I
much to be desired, the customary “hump” in the typhoid cur
for March, April, and May was eliminated in 1910 and the reductig
in the ycarly rate was really effected by the cutting off of this wintel
and spring typhoid.

The rate in Escanaba is still very high, Maintenance of goc
filter efliciency and the judicious use of hypochlorite at times as &
adjuvant to filtration will probably reduce this rate somewhs
Imported cases have some influence on Escanaba’s rate. Befo
really low rates may be expected in Escanaba, in addition to tl



| 159

|

fe water supply much must be done to eliminate the insanitary
ird privies and dangerous shallow wells.

2. The water supply of Menominee is exposed to sewage pollu-
n and is delivered unfiltered and untreated. The typhoid fever

evalence suggests water-borne infeetion.

Micrigan Crry, Ino. TyrHoID FEvER,
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Crant 47, —Michigan City, Ind., showing seasonal prevalence of typhoid fever,

The Marinette water supply has a similar source to that of Menomi-
e, but is filtered before delivery and the seasonal prevalence is
lically different in the two cities. Menominee has the greatest
pvalence in December, January, and February, while Marinette’s
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greatest prevalence is in September. The water supply of Menomineg
should be rendered safe at onee by the use of hypochlorite of lime
pending decision as to the permanent method to be employed.

3. The Fox River and some of its tributaries are grossly polluteg
by sewage. Fortunately, the raw river water is not used as a wate
supply. Some of the cities and towns have adequate deep-we
supplies and others use the water from the river or Lake Winn
bago only after filtration.

4. The water supply of Manitowoc is from wells on the shore of
Lake Michigan and may be classed as safe. The typhoid fever rates
in Manitowoe are low. )

5. The typhoid fever epidemic of 1908 in Sheboygan was primarily
due to a polluted water supply in all probability. :

Since 1908 the two nearest sources of sewage pollution have beet
cut off and the intake moved to a point 5,000 feet offshore in 47 feed
of water. These measures effected a marked reduction in the annugl
rate, and in 1910 and 1911 practically eliminated winter and sprid
typhoid. The insanitary yard privies, contaminated shallow well
and other insanitary conditions will probably maintain a fairly hig
rate in Sheboygan, in spite of the improvement in the public watel
supply, until radical steps are taken for their removal. Moving th
intake farther out will not permanently solve Sheboygan’s waté
problem. Baecteriologic examination made daily with quantits
tive estimation of B. eoli for a period of at least one year is necessar
to determine accurately just how much protection moving the intal
afforded. After such a siudy, it may be found necessary to treat tk
water or to install a filter plant. The history of other lake citie
suggests that eventually the public water supply of Sheboygan w
have to be either treated chemically or filtered to afford proper pros
tection to the public health.

6. The Milwaukee public water supply is contaminated and sho
not be furnished without either treatment or filtration. This supp
has been responsible for typhoid fever epidemics in the past and wi
continue to be responsible for much typhoid fever in Milwauke
unless steps are taken to render the water supply safe. 1t is difficu
to understand why the use of hypochlorite was discontinued.
there were valid complaints the fault must have been in overdosin
or imperfect mixing, faults which can be corrected, necessitating on
a proper installation and adequate expert supervision. Hypochlo
has been successfully used in so many places that the alleged draw
backs no longer discourage its use, and simply suggest more care
manipulation. Milwaukee needs the saleguard of treatment ¢
filtration at once. The installation of the comprehensive sewag
disposal system recommended by Mr. Whipple, Mr. Alvord, and M
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ddy will require a great deal of time for completion and when com-
ete will not render the water supply safe. The system recommended

Il accomplish its purpose of sewage disposal in an admirable man-

It will also, when completed, improve the quality of the raw
ter at the intake, but is not a substitute for filtration or treatment of
~water supply. Filtration of Milwaukee's water supply would
tail a very large annual expenditure after the installation of the
t. The installation of a plant for treating properly with hypo-
orite of lime would cost much less, and the annual cost of mainte-
nee would not be more than one-tenth as much. In addition it is
obable that the use of hypochlorite would fulfill every sanitary
lication.
7. The typhoid fever death rate in Racine is abnormally high in
e first half of the year. For the past four years (1908-1911) the
hoid death rate per 100,000 has been at the rate of 31.5 for the
t six months of the year. This rate compared to the rate from
ly to December is excessive, and, being consistently high each year,
ests strongly that a polluted water supply is responsible. Daily
teriologic tests, especially the quantitative tests for B. coli, should
made for a period of at least one year before rendering a positive
inion. Pending such an investigation hypochlorite of lime might
applied, especially in the nionths from October to May.
. Kenosha differs from Racine in two particulars; the amount of
age is less, and the stream flow of its river is less. Otherwise con-
ions are similar. The two points mentioned give a precarious
asure of protection. So far Kenosha seems to have been fortunate,
the bulk of its typhoid fever has ocecurred in the regular typhoid
leason,”’ suggesting that the waterworks intake has escaped pollu-

n. The possibilities for such pollution are here present, however,

d to make the water safe at all times filtration or treatment must
resorted to.

0. Waukegan's water supply is contaminated and should be either
ered or treated before delivery to consumers.

0. Evanston’s water supply is contaminated, according to Prof.
ow’'s analysis. The diversion of Evanston's sewage, as projected,
not only furnish a better raw water at the Evanston intake but

l also improve the quality of the water at the Lake View crib.

is will not obviate the necessity of filtration or treatment clf the

ter supply.

1. Chicago has a history of frequent water-borne outbreaks

vious to 1803, IFrom 1893 to 1899 the rates were lower, but aver-
35.9 per 100,000. The diversion of the sewage from the lake to

drainage canal is probably responsible for much of the great redue-
ceffected since 1899. Water-borne epidemics probably occurred
7058°—12—11
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in 1901, 1902, and 1903, but sinee the completion of the intercepto
and the increased sewage diversion from the lake, the rates have bea
low. In 1910 Chicago ranked among the 10 large American citi
having the lowest, typhoid fever rates, with a rate of 13.7. Yet wif
this low rate the seasonal distribution is peculiar and distinctly
different from the seasonal distribution of cities with safe wates
supplies. The winter and spring typhoid rates for the past deca
are relatively high in Chicago, compared with cities which ha
approximately the same yearly typhoid rate, but which have sa
water supplies.

Chicago’s water supply is known to be polluted at times, not only
at the Sixty-eighth Street crib, which is nearest the Calumet Riven
and the Lake View erib, which is exposed to Evanston’s sewage, bul
at the intervening intakes pollution is shown by bacteriologic examing
ation to be a frequent occurrence. The diversion of Evanston
sewage, and other sources of pollution north of Chicago in Illinoi
will not make the water at the Lake View crib safe without treatment|
The construction of the Calumet Sag Canal and the Calumet inte
ceptors will improve the quality of the raw water, especially at tl
Sixty-eighth Street crib, but in times of high water in the Calumef
even after the project is completed, when the stream flow excee
2,000 cubic feet per second, the Calumet will discharge its pollute
water into the lake.

At such times the storm-water overflows of the sewers will reae
the river direct. Even after Chicago’s complete comprehensi
plans for future sewage disposal are carried out, the zone of pollut
water along this populous shore will be wide and its boundaries sul
ject to much variation because of winds and eurrents. These cond
tions will make advisable treatment or filtration of the water supply
even after the complete sewage disposal plans are consummated.

At present the need for treatment of the water supply is more pres
ing. The treatment of such a large supply as that of Chicago can
effected most economically by tha use of hypochlorite of lime, a
this method properly applied will render the water supply safe.

12. There is ample evidence to show that no waterworks intake
safe from pollution at all times in the southern end of Lake Michigs
from the Calumet River to Michigan City, Ind.

The quality of the water will be improved by the construction
the Calumet Sag Canal and the Calumet River intercepting sewe
also by the partial purification of some other sewage contributions t
the lake; but these measures will not render safe the water in southel
Lake Michigan at the points where intakes are placed, nor remove t
necessity of filtration or treatment. Accordingly, for the promy

protection of the public health, East Chicago, Hammond, Whitin



163

ry, Michigan City, and any other communities which are using Lake
chizan water without treatment or filtration for domestic use,should
itall with the least possible delay plants for the treatment or filtra-
m of their water supplies.

THE EASTERN SHORE OF LAKE MICHIGAN.

m the Straits of Mackinac to the mouth of the St. Joseph River
coast of Michigan is dotted with cities which have a large transient
er population. Not only do the larger towns and cities attract
arists in large numbers, but also the rural communities and isolated
rmhouses.  The prevalence of typhoid fever in this summer-resort
tion of Michigan is a question of immense importance from an
erstate standpoint. If the water supplies are polluted, and other
itary necessities inadequate, these resorts through the tourists
come distributing poeints from which typhoid fever may be carried
every State in the Union. Further, among the hundreds of thou-
1ds of tourists who frequent these resorts, many are discharging
phoid organisms with their excreta, and, if proper sewage disposal
not practiced, they may be responsible for outbreaks at the hotels
d boarding houses, as well as at their homes in other States. Luck-
many of these resorts have good water supplies, though, as a rule,
» sewer systems leave much to be desired. Too many of the
aller resorts and isolated farmhouses depend upon insanitary out-
or privies. The enormous importance of installing proper sanitary
ressities, such as proper sewage disposal and pure water supplies
summer resorts as a means of preventing the spread of typhoid
rer from one State to another has not been sufficiently appreciated.
e State of Michigan has no control over incorporated municipali-
s in respect to sewage disposal and water supply, and the fact that
e conditions are no worse must be eredited to the abundance of good
iter with which the State of Michigan is naturally provided.
The State board of health has been unable so far to have a law
pcted giving it control over sewage disposal and water supplies.
ywever, it did succeed in acquiring control over summer resorts which
re not incorporated municipalities. This law will enable the board
prevent pollution of lakes and streams by excreta of careless
mmer residents. A great many of these are from the large cities
neighboring States and show a reckless, selfish disregard of the
plth of the community of which they are temporary residents.
From the Straits of Mackinac to Manistee, the summer-resort
tion, includes the counties of Benzie, Leelanaw, Grand Traverse,
itrim, Charlevoix, Emmett, and Cheboygan. Thousands of sum-
v visitors from every State in the Union fill these resorts to over-
wing from June to September. Worthy of consideration in this




164 |

SE Bay

VER

on
e g

GRAND TRa

L Wil DER

BLAP 18, —Summer-rezort seclion from Mackinae Island to Traverse City, Mich,




165

thern summer-resort area of Michigan are the following cities

villages:

Normal : Normal

City or village. winter Cily or villaze. winter
population. population,
TR TRIRINE] . oo - e oo e e e T4 Bast Jardam .. . -oooocom i 2 516G
ﬁn.... RN ElkRapids. . .- oo Ll ol 1,613
prings 18050 |1 Wramerme Obw o oo Do e 12,115
iy it | ROt e e 1,555

Dy el BE s e e e 2,420

everal thousand visitors and excursionists spend vacations in
rural parts of these counties.

Typhoid fever prevalence.

Average yearly
number of
- deaths per

Connties. L), 00K in the

18 years from

1501 to 1908,
inclusive.
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ixcessive prevalence of typhoid is noted in Emmett, Benzie,
nd Traverse, and Antrim Counties. Charlevoix and Leelanaw
below the average for the State, and Cheboygan has the low rate
[2.6.

MACKINAC ISLAND.

Hackinac Island is situated in the Straits of Mackinae, and is one
he most popular summer resorts in America. Its normal resident
yulation is only about 700, but during the summer many thousand
ple visit the island. Its hotel accommodation is large, and often
irtaxed in July and August.

'he water supply of Mackinae Island is taken from Lake Huron
b point 700 feet offshore from the northeastern shore of the island.
2 water is pumped to a reservoir on a high ridge, and from there
fributed by gravity to the village on the southern shore of the
nd. :

'he Mackinac Island eity supply is probably pure at all times.
own sewers are the nearest sources of pollution. The sewage of
Ignace and Mackinaw (on the mainland) are negligible quantities,
s normal eurrent through the Straits carries pollution from these
rees from west to east, or through the south channel to Lake
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Huron. A certain number of days each year the current in th
Straits is reversed and flows into Lake Michigan; at such times
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Map 19.—Mackinae Island, Mich., showing sewer outletz and waterworks intakes.
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ms strongly through the Straits south of Mackinace Island, carrying
qe pollution from Mackinace Island sewers with that of St. Ignace
nd Mackinaw westward toward Lake Michigan. The pollution
'om Cheboygan River is picked up by the reverse current in the
huth channel and carried northwest toward Lake Michigan. The
swage from Sault Ste. Marie, after passing the St. Marys River with
he excellent sedimentation basin of Potaganissing Bay, enters Lake
[uron through Detour passage. From here the distance to the
Iackinac Island intake is 37 miles, and the water is very deep.
There is usually no current westward, but occasionally there is a
hverse current in the Straits at Mackinae, which would be coinci-
ent with a rather slow movement of the enormous volume of water
1 northern Lake Huron toward the west. This movement, increasing
y a current as it converges and narrows at the Strait, even if it
arried pollution, would carry it through the Straits south of Mackinac
Jand and not northward over the intake. The sewers of Mackinac
sland discharge by five outlets on the south shore of the island.
As indicated above, the pollution does not extend to the water-
-orks intake because of the currents through the Strait. The
fiect of the pollution on distant cities is negligible, because of the
reat mass of water for dilution and the distance to the nearest city
sing lake water. From an interstate standpoint it is a fortunate
ircumstance that Mackinae Island’s public water supply is uncon-
aminated.
Mackinac Island is remarkably free from typhoid fever. One of
he large hotels formerly had an independent water supply. In
Lugust, 1008, the annual convention of State and National Food
nd Dairy Departments met at Mackinac Island. Most of the
articipants stopped at this hotel and were stricken with the form of
iarrheal illness commonly called “winter cholera.” An investiga-
ion showed that the water used was drawn from the Straits at a
oint in close proximity to the sewer outfall of the hotel and that
he water supply was contaminated at this time. The hotel manage-
hent after considerable discussion discontinued their intake and
hade connection with the city supply, which is safe for reasons de-

lertbed above.
CHEBOYGAN.

Cheboygan has a population of about 7,000 persons. In the
lummer this is considerably increased by summer visitors. The
ater supply is from artesian wells and is pure; less than 10 per cent
f the population use water from shallow wells. About 30 to 40
r cent still depend upon outdoor privies. The sewers discharge
y more than 20 outlets into Cheboygan River and the Straits of

ckinae. There is no treatment of the sewage before discharge.
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Typhoid fever rates in Cheboygan are very low. Only 10 deaths
from typhoid fever have been recorded in Cheboygan in the pas
11 years. Between Cheboygan and Harbor Springs there is a
tinuous belt of artesian water supply. This belt lies along what |
known as the “inland lake route” between Cheboygan and the
resorts on Little Traverse Bay. This bountiful supply of pure wata
is a great protection to the many visitors to Cheboygan, Mullet Lake
Topinabee, Indian River, Burt Lake, Alanson, Oden, and Conway.

HARBOR SPRINGS.

This resort is situated on the north shore of Little Traverse Bas
and has a normal resident population of about 1,800, with a much
larger summer population. The water supply is from flowing wells
and is excellent from a sanitary standpoint. The flowing we
district of Harbor Springs extends along the beach to Wequetonsing
and there are dozens of artesian wells in this small aren. Thet
range from 26 to 320 feet in depth. Five of the waterworks well
are from 66 to 88 feet deep, three are 100 feet deep, and one 320 fee
deep. One-half the permanent population depends upon outdoo
privies. The other half and the total hotel population of Harbo
Springs depend upon sewers which discharge into Little Travers
Bay. without treatment of the sewage.

PETOSKEY,

Petoskey has a population of 4,778, and is beautifully situated
on Little Traverse Bay. It has good hotel accommodations and &
large summer population. As shown on map 20, the entire sewage
of Petoskey is carried by two sewers (the east and west sewers) to
the bed of Bear River below the dam. Here the two sewers unite
and are carried in the bed of the river about 200 feet to the bay
The city waterworks is situated on the shore of Bear River just
below the junetion of the east and west sewers, The power for the
works is derived from Bear River, supplemented by coal wher
necessary. The water supply is drawn from a well 20 feot deep
and 14 feet in diameter. The level of the water in this well is said
to bear a constant relation to the lake level and to bear no relation
to the level of the water in Bear River. This well is about 140 feet
from the nearest point on the lake shore and about 200 feet from the
outfall of the main sewer of the city. The supply from this well,
especially in summer, is at times inadequate, and water has been
pumped direct from Bear River into the mains. To remedy this
shortage a new well near the old one was being dug (July, 1911),

24 feet deep and 16 feet in dinmeter, about 25 feet nearer the lake
than the old well
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Just why these wells were sunk so near the bank of a pollut
river and within 200 feet of the gross sewage pollution of the ma
sewer outfall is explicable only on the ground of false economy
The wells could have been sunk on an uninhabited beach a hal
mile west of the eity, and would thus have given a very much safes
supply. The protection of the Petoskey supply has been due to
action of the beach sand as a filter. That this has been effective g
far is probable, but the constant outpouring of sewage within §
few feet of the area used as a filter bed and the close proximity of§
polluted river make the present supply of Petoskey precarious.

The present system of wells would be safe enough, provided wellf
were sunk at least a half mile west of the eity. The extra expens
of piping would be small compared with the protection atfforded the
public.

CHARLEVOIX,

Charlevoix has a resident population of 2,420, Tts water suppl
is derived from Lake Michigan through a filtration gallery on the
beach. It is pumped directly into the mains.

About 80 per cent of the population depend upon outdoor privie
10 per eent depend upon cesspools, and the remainder, with th
majority of the summer wvisitors, have access to sewers which di
charge into Pine River without purification.

BOYNE.

Boyne City grew from 912 in 1900 to 5,218 in 1910. In its rapi
erowth the outdoor privy has continued to flourish, and less ths
10 per ecent of the inhabitants are tributary to the sewers. TI
sewers discharge by a dozen outlets into Pine Lake and Pine River

The water supply is from springs which issue from the base |
a hill south of the city. It is collected under cover of a shed,
flows by gravity to two reservoirs of 500,000 gallons capacity ead
These are over 60 feet above the city, and no pumping is employe

et

ELK RAPIDS.

Population (1910), 1,673. The water supply is from Elk Lak
which is a surface supply, theoretically, subject to contaminatio
but probably safe, owing to sparse population and no direct sews
contamination. Ninety per cent of the people depend upon outde
privies. There are 2 miles of sewers and two sewer outlets d
charging into the channel connecting Elk Lake and Grand Traver
Bay.

TRAVERSE CITY.

Traverse City is situated at the head of Grand Traverse Bay a
has a population of 12,115. Because of its beautiful situation a
attractive surroundings it has many thousand summer visitors,






and engineers have expressed the opinion that a flowing well supp
would be inadequate in time.  The publie supply is taken from Grand
Traverse Bay and is supplied to 90 per cent of the inhabitants. The
number of people drinking artesian water is diffieult to estimate
The principal hotel, the county jail, the State insane asylum, several
schools, a large saloon, and bottling works all have wells. On the
other hand 90 per cent of the population have direct access to the
publie supply.

The position of the intake is such that under ordinary conditions
it is protected from sewage pollution. The entire sewage of Traverse
City discharges by five outlets into Boardman River, the mouth a
which is about three-fourths of a mile east of the intake. Tt is
claimed that the prevailing current sweeps southward from the lake
around the bay across Traverse City's water front from west to eas
and then northward toward the lake along the shore of the peninsula
which separates the two arms of Grand Traverse Bay. This is not
always the case. As in other places, lake currents are notoriously
unstable, and no doubt at times there is a reverse eurrent from east
to west carrying the sewage-polluted water of the Boardman River
toward and beyond the waterworks intake.

Even with the normal current prevailing, the intake is exposed
to pollution. Within 2 miles of the intake, in a direction almost
due west, the sewage from a large county hospital where typhoid
patients are cared for is discharged untreated into the bay.

The following table shows typhoid fever deaths by months from
1900 to 1910, inclusive:
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Chart No. 48 shows the excessive prevalence of typhoid fever du
ing certain years in Traverse City. The worst year (1906) showed &
seasonal prevalence in the autumn months. With the exception of
this year of 1906 the figures show too many deaths from January to



173

TrRAVERSE CiTY. MicH —TyPHOID FEVER.

Weatt rate fut 100,000 by yeaks, 1900 —19/0
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174

June. This phenomenon is more marked in the past four years
1907-1910, and during this four-year period there were 11 deaths fron
January to June and only 10 deaths from July to December.

Traverse City,MicH.—TypPHoID FEVER.
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CHART 49.—The seasonal prevalence curve in Traverso City shows promounced peaks in February
November, sl December, and low rates in Aupgust, September, and October.
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Chart 49 shows graphically the peculiar distribution of typhoi
fever deaths throughout the year and the excess of deaths during th
winter and spring months, suggesting the polluted water supply a
the only logical explanation of the peculiarity.
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FRANKFORT.

Frankfort had a population in 1910 of 1,555. Fifty per cent of the
ypulation depend upon outdoor privies. There are about 2 miles
sewers, which discharge into the harbor by three outlets. The
ater supply is from driven wells about 90 feet deep. The wells just
Il short of flowing by a few feet and the water is pumped to the

Alns.
MANISTEE RIVER DRAINAGE BASIN.

Manistee River rises in several lakes along the boundary line
ween Antrim and Otsego Counties in the north-central part of
chigan, flows southwestward across Kalkaska, Wexford, and
istee Counties, and empties into Lake Michigan at Manistee,
ch. It has but two important tributaries, the Big Bear on the
ht bank and the South Branch of the Manistee on the left bank,
th of which enter in the lower part of the river. The length of the
er is about 110 miles, not taking into account the numerous bends

d angles; but following its windings its total length must be about

0 miles, for it is very crooked. The total drainage area is about

120 square miles.!

The drainage basin is somewhat irregular in shape, the upper part

ing narrow, the widest portion being found in the lower third of

e basin. The soil of the drainage basin is sandy and the stream

peives a large proportion of its supply from springs along the banks

the main river and its tributaries. The country is flat or rolling.
he elevation of the sources of the river is about 1,200 feet, the
swation of the mouth is 581 feet, a total fall of 620 feet.

The watershed of the Manistee is very thinly settled, and contains
cities, towns, or villages of importance except the city of Manistee,
important lumber center situated upon an excellent harbor at the

puth of the Manistee River.

MANISTERE.

The city of Manistee has a population of 12,381, Its water supply
derived from wells about 100 feet deep. Two-thirds of the popu-
fion has access to sewers.  The sewage is discharged without treat-
ant of any kind into the Manistee River. Typhoid-fever rates from
9 to 1905 averaged 15 deaths per 100,000 population yearly. In
6 the rate was 8.4, but in 1907 it rose to 41.6, and in 1908 it was
same. In 1909 and 1910 the rate dropped to 16.6.

Ecrr deseriptions of the drainage basins of rivers In Michigan the writer is indebied 1o the excellent
pris of the United States Geological Survey.
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TasLe 31.—Summary of typhoid fever in Manistee.
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P 33.—=Manistee, Mich., showing the expansion of the river (Manisiee Lake) and the position of the
walerworks,

The inerease of typhoid in 1907-8 occurred in each year from
jgust to October. There are many insanitary privies and shallow
lls in use in Manistee. Chart No. 50 shows the seasonal preva-
1ce of typhoid fever for 10 years. There is nothing in the chart to
flicate pollution of the water supply. The supply is made up of
ur units. Each unit consists of a well 30 feet in diameter and about
feet deep, with which are connected 8-inch tubular wells which go
bwn 100 feet through sand and 10 feet of brick elay at the bottom.

27058 —12——12
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The wells are located in the sand dunes south of the Manistee Ri
and between the city and the lake. The character of the soil (san
and the absence of near sources of pollution obviate the danger
surface contamination during rains, the wells being covered

MANISTEE,MICH. — TYPHOID FEVER.
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CuarT 50.—The Manistee seasonal prevalence chart shows a low rate in the winter and spring months.,

curbed above the ground surface. The small tubular wells g
through an impervious stratum. The large central well of each uni
is through sand, gravel, and bowlders. The supply may be co
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Map 24 ~Ludington, Mich., showing position of waterworks intake, Note the lake-like expansion of the Pere Marquette River, which receives the sewage of the city.



180

sidered safe and largely responsible for the low rate of typhoid fey
in Manistee. The wells will probably continue to produce safe wate
unless an abnormally rapid growth of the city toward the wells shou
cause contamination of the larger central well through seepage, whi
would be a very unlikely oceurrence.

LUDINGTON.

Ludington is the county seat of Mason County and has a popul
tion of 9,132. The country from Pentwater to Manistee is draing
by the Pere Marquette, Lincoln, and Little and Great Sable Riven
These streams empty into lakes partly separated from Lake Michiga
proper by sand dunes.  There is a very sparse population and Ludin
ton is the only community worthy of note from the standpoint
sewage pollution. Ludington’s water supply is drawn from Ls
Michigan, about one-third of the population have aceess to the sewer
which discharge into the river near its mouth. The typhoid-fev
rate for Ludington has been high, and for 16 years ended 1905
averaged 26 deaths per 100,000 population vearly.

The danger of drawing deductions from the seasonal prevalence
typhoid fever in a small city is apparent to everyone. To overcon
the accidental happenings which may obscure or confuse statistics
a single year, it is customary to take the statistics for a long period ¢
years. To estimate even more accurately the relation betwee
water supply and seasonal prevalence, several small cities with th
same or similar sanitary conditions may be combined in order f
increase the number of cases and the total population.
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Table No. 32 shows the deaths by months for a period of 11 yeas
(1900-1910) in eight small Michigan cities of about the same
The first group of four have water supplies subject to sewage polly
tion. Their typhoid rates are high in direct proportion to the de
of pollution. Wyandotte's pollution is constant applied to a rapidly
flowing river. St. Joseph’s pollution is less in amount but littl

Typhoid drafn #ale frer 100000 fer annum by rionths § small Ciiies
auerage for perred of I yrars, 1900~ /9/0

T Feg |\Mar. | Aer. |May | Jowe \Tvey |Ave. |See |Ocr |Now | Dea
g0 -
43 /| I

! %
L0 i :

T ¥

[ \
35 gt a&:\.

1

Jo / \/ o

]
15 / - I o ‘l
T ke ' L]
/ / I \
20 i ! \
[ :
s -
&
il /
=t -.\k /F,: .
.F"‘ﬂ by *e L _l'f
> Fi
o

'\ -|r g
\"- .--fr‘ =
5
0
C 17165 with contaminaTep wares sueeue] [ CITIES WITH GOOD WATER SUPPLIE
Luomveron. - —=Benron HarBoR.
" MONROE, « CaApreeac.

WyAanoorre «  CHEBOYGAN
ST Joscen n  Araion.

CHART 5l.—Nole the contrast In seasonal prevalenee between eftles with goed water supplies and citl
with poliuted water supplies.

modified by distance or sedimentation, although there is considerabl
dilution. Ludington is exposed to intermittent sewage pollutiol
from a smaller urban population than that of Benton Harbor and Si
Joseph, and the sewage must first pass through Lake Marquette whiel
acts as a sedimentation basin,
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Monroe's supply is polluted, but it is protected by the great sedi-
nentation basin in the western end of Lake Erie. The distance from
Detroit is considerable and there is great dilution of Detroit sewage
v the time it reaches Monroe,

LUDINGTON.MICH. TypHOID FEVER.
Death Aale per 100,000 per annum by monilths auerage
for [l tears. [1900-79/0.
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HART 52.—Ludington, Mich., showing abnormal peaks in the typhold corve in February, May, and
December.

b

Chart 51 shows Ludington, Monroe, Wyandotte, and St. Joseph,
our cities furnishing unfiltered water known to be contaminated or
subject to sewage pollution, compared with Benton Harbor, Cadillac,
Theboygan, and Albion, cities with good water supplies.

The population of these two groups is almost the same, a little over
80,000 each.
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The water supply of Benton ITarbor, Cheyboygan, and Albion j
from deep wells. The Cadillac supply is from an inland lake whidl
is not exposed to urban pollution, and furnishes a fairly safe water

Ludington shows too many cases of typhoid fever in the first hal
of the year. In a period of 10 years nearly one-half the cases occurre
between January and June, and more than one-fourth in the twi
months of April and May.

While the Ludington chart is made from comparatively few cases
it is for an 11-year period. The curve resembles that of the fow
cities combined (Ludington, Wyandotte, Monroe, and St. Joseph)
and strongly suggests water supply polluted at times.

In 1906 and 1907 the rate was low, being under 13, but in 1908
it rose again to 45 per 100,000. In 1909 and 1910 the rate was
deaths per 100,000.

Lake Marquette, at the mouth of the river, acts as a sedimentation
basin for Ludington sewage. The amount of sewage is relativels
small. Manistee’s sewage must travel 20 miles before reaching the
Ludington intake, affording fine opportunity for dilution. For these
reasons typhoid fever has not been so bad in Ludington as one woul
expect, The possibilities for disaster are present, but the factors
cited above have minimized the danger. The amount of dilution
was such that explosive massive outbreaks have not oceurred. The
deaths for 10 years from typhoid fever show too great a prevalence
in the first half of the year,

PENTWATER RIVER BASIN,

Pentwater River drains a small quadrangular area in Oceana
County. The only communities which need be considered are the
villages of Hart and Pentwater.

Hart has a population of 1,555, 75 per cent of which has access to
sewers which discharge into the rviver. The water supply is from
flowing wells of an average depth of about 125 feet.

Pentwater has a population of 1,129, about 10 per cent of which
has access to sewers which discharge into Pentwater Lake. Pen :
water is not so fortunate as Hart in having a deep-well supply. Iis

public water supply is from shallow wells in sand and ean not be con-
sidered safe at all times.

WHITE RIVER BASTN.

Counties. The rural population is small, and there are no towns or
cities on the watershed. Whitehall, a village of 1,400 persons, has
sewers to which a population of about 150 is tributary; the discharge
is into White River near its mouth

White River drains a small area in Oceana, Muskegon, and Newaygo
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MUSKEGON RIVER BASIN.

Muskegon River drains an area 2,663 square miles in extent, lying
rectly north of the Grand River Basin. Iis headwaters rise in the
wth-central part of the southern peninsula of Michigan, whence it
hws in & general southwesterly direction until it enters Lake Michi-
in near the city of Muskegon. Originally its basin was covered
th pine timber, but is now almost entirely cleared, and large
ump-covered areas form a conspicuous feature of the topography.

On the sparsely settled watershed of the Muskegon River there are
» towns or cities of importance except Muskegon at its mouth.
iz Rapids has a population of about 4,500, but is situated over 50

iles above Muskegon.
MUSKIGON.

The Muskegon River expands near its mouth into Muskegon Lalke.
he city of Muskegon, with a population of 24,000, is situated upon
e shore of this expansion of the river near its mouth. The sewers
Muskegon discharge into the Muskegon Lake and River. The
ter supply is taken from Lake Michigan. There are two intakes.
e 24-inch pipe extends 900 feet from shore and is called an emer-
ney intake. Another 30-inch pipe extends 3,970 feet offshore, and
e intake is in 45 feet of water. The first or emergency intake is
atly hampered by ice in the winter and is in the line of shore
llution. The principal intake, 3,970 feet from shore, is better
aced to escape shore pollution, but in November, 1911, the pipe
broken about half way between shore and intake and clogged
th sand, necessitating the use of the emergency intake.
Muskegon Lake acts as a sedimentation basin for Muskegon’s
wage in quiet weather. In times of flood the sedimentation per-
itted is slight, as the currents quickly carry the polluted water
hrough the harbor entrance to Lake Michigan. Once arrived in the
ke the polluted water may easily reach the intakes, especially the
w-called emergency intake nearer shore. In such an event, which
ust happen at least once a year, the only protection that is afforded
water supply comes from the amount of dilution.
In this connection it is well to remember that mere dilution does
t kill pathogenic bacteria. It may prevent explosive epidemics,
t it is not to be relied upon to prevent all cases of typhoid fever.
he amount of polluting material (sewage) is considerable, but Lake
uskegon acts as a sedimentation basin. The amount of water
ailable for dilution in Lake Michigan is large; all these facts have
srved to protect Muskegon in the past, at least for the major por-
on of the year. The present intake is only about 5,000 feet from
he mouth of the river, and the population is inereasing. In July,
010, the citizens voted in favor of a bond issue of $300,000 for
aterworks improvement. In spite of the obvious necessity it is
ﬂ:ful if any method of water treatment or purification will be
rried out.
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TYPHOID FEVER IN MUSKEGON.

The rate of typhoid fever in Muskegon from 1889 to 1905 was |
deaths per 100,000. Since 1904 it has been as follows:

Typhoid fever deaths per 100,000: 1904, 28.7; 1905, 28.7; 190
83.4; 1907, 14.3; 1908, 33.4; 1909, 0; 1910, 24.

There has been a tendency to increase since 1903, but Muskego
has been fortunate in escaping a higher death rate for typhoid feve
when one considers the relative positions of the sewers and wate
works intakes. The intakes have been protected, as indicated abow

MuskEcon, MicH, TypHoip FEVER
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CHART 53.—The Muskegon seasonal prevalenee eurve for ¥phoid fever shiows a prononnced pealk in Mardl

but the water supply is menaced greatly at times by Muskegon's owl
sewage, especially in time of flood.

The abnormal typhoid prevalence in March, shown on Chart 53
is due entirely to outbreaks in 1901, 1902, 1903, and 1904, whicl
were probably due to water.

Study of the seasonal prevalence of typhoid in Muskegon show
nothing from 1905 to 1910 which would indicate that water wa
responsible for the typhoid fever deaths. However, conditions are
such that disaster may happen, especially during floods and storms
and this menace will steadily increase as the city grows.
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GRAND RIVER DEAINAGE BASIN.

Grand River rises in the southern part of Jackson County, in the
loutheast-central part of Michigan, flows northward to Lansing,
hence northwestward to the ecentral part of Ionia County, and
inally westward to Grand Haven, Mich., where it enters Lake
Michizan. Its length by general course is about 200 miles, but
ollowing the bends and angles the distance is at least 300 miles. The
otal drainage area is about 5,570 square miles. The drainage basin
8 fairly regular in outline and shape. At Grand Rapids, which is at
he head of navigation, the stream passes over a limestone ledge,
making a considerable fall at Grand Ledge. About 12 miles west of
Lansing there is a similar descent over sandstone. Below Grand
Rapids the flow is very sluggish. In the upper half of this stretch the
mmediate banks of the river are high, forming natural levees; below
Lamont bayous and swamps are common between the river banks and
he foothills bordering the valley.

The valley of the river proper is narrow; gravel bluffs from 50 to
50 feet high stand close to the stream in some places. The north-
western and southeastern portions of the drainage basin are thickly
nterspersed with small lakes, a number of which have no surface
putlet.

The sources of the river have an elevation of about 1,000 feet; at
Lansing the elevation is about 820 feet; at Grand Rapids it is about
590 feet; at the mouth of the river the elevation is 581 feet; the total
Eescent— is therefore about 400 feet, which produces a rather low
wverage fall.

The basin contains no noteworthy forested areas, all timber having
heen cut off some time ago.

The stream flow of the Grand River is indicated by the following
able taken from the records of the United States Geologieal Survey.

Panie 33— Monthly discharge of Grand River, Grand Rapids, Mich., for period Apr. 1,
1901-Dee. 31, 1905, except March, 1903.

[Drainage ared, 4,900 square miles. ]

i — i —
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nausea, vomiting, diar-
rhea, and in severe cases,
collapse. The attack
was short in duration
and there was practically
no mortality. Praeti-
cally all of those afflicted
lived in the southern
part of the city. Kast
Lansing, which has an
independent water sup-
ply, had no increase in
diarrhea. Forsome time
Lansing had been sup-
plied by two pumping
stations.

Examination by the
State board of health of
water from the main
pumping station showed
the water to be pure.
Examination of water
from the south station
showed B. coli in 1 ¢. c.
samples, although the
bacterial counts were
low. The water from
the south station was
discontinued by order of
the State board of health,
and the water supply has
apparently been safe ever
since. How the contami-
nation reached the south
supply is not explained
in the State board of
health reports. An un-
usual amount of typhoid
feveroccurred in Lansing
during February and
March  following the
“winter cholera.”

GRAND RAPIDS.

Grand Rapids is an
important manufactur-
ing city, with a popula-
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Cranr M.—There was an explosive ontbreak of typhold
fever in Lansing in February, 1904, very suggestive of
polluted water. )
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on of 112,000. It contributes the largest quota of sewage pollution
y the Grand River. The entire sewage, including night soil, is dis-
arged into the river without treatment of any kind.

The water supply of Grand Rapids may be said to be from three
stinet sources: (1) The municipal supply from the Grand River,
hfiltered ; (2) Hydraulic Water Co. daily capacity of 3,500,000 gal-
ns; (3) private wells, mostly shallow and often grossly contami-

L ANSING, MICH. TyPHoID FEVER.
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PHART 55.—The year 1908 resembles 1904 in Lansing, the typheid-fever curve Indicating an explesive
outhreak in Februory.

ated. The majority of the population depend upon the municipal
Grand River supply. The hydraulic company probably supplies
t more than 8,000 persons. It is estimated that there are nine to ten
housand wells in Grand Rapids. The hydraulic company’s supply
o groundwater supply collected through 20-inch tile pipe running
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through gravel. It is probably safe, but supplies a comparativel!
small proportion of the population. ;

The Grand River is a polluted stream and the munieipal supply has
been furnished unfiltered. Probably 50,000 persons depend upol

Grano Rarips, Mich, cormparED wiTH PaTeRsON.N.J — T¥PHoD fEVER
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CaarT 5. —Showing the high rate for typhoid fever in Grand Raplds compared with Paterson, N, J.—=
eliy with a safa water supply.

the shallow wells, which are by far the most dangerous supply i
Grand Rapids.

Chart No. 56 shows the high rate of typhoid fever in Grand Rapid
since 1900, compared with Paterson, N. J. A filter plant was in
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talled in Paterson in 1902. The gradual decline of typhoid in Grand
tapids from the very high rates which prevailed previous to 1906
¢ attributed by the health officer to the advice given and generally
ecepted to boil all drinking water. In spite of this reduction the
ate is still much too high and in 1910 showed an upward tendency.
yuring the first six months of 1911 the typhoid death rate per
00,000 was 32.

GRAND RapPiDs,MicH. —————TvypPHoiD FEVER
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IART 57.—The seasonal prevalence of typhoeid fever in Grand Rapids also indicates water-borne infection.

Chart No. 57 shows the peculiar seasonal prevalence of typhoid
ver in Grand Rapids for the past 10 years. March exceeds all
onths except October. February and April are also abnormally
igh.
Chart No. 58 shows in greater degree this peculiarity during 1904,
hich was the worst typhoid fever year in the decade. March had
highest rate, April next, and February next, all three having
tes than September, October, or November.
37958 —12——13
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GRanp RaP10S, MICH ———— TyPHoip FEVER.
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CHART 58.—The abnormal prevalence of typhoid fever in winter and spring
in Grand Rapids is accentuated in the vear 1904,
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In investigating typhoid fever cases the majority were usually
und to be users of well water and in many instances the insanitary
itdoor privy was an accompanying menace because of its close
roximity to the well.
In 1907 an investigation of typhoid fever in relation to water used
owed the following:

y Number _ Number

Soiree of supply, of ases. Souree of supply. aTohEE,
1 SRR s N St W | 208 | Dodled ally WBbeT . .o onuee e ieran s s 2
Sy T o e R 5E N Uaknowll. ... .cicvaaianas i e | T
o e T S R a5 | -
rdranlic Water Co. . 5 Total investipated... ........... i 308

In 1908 out of 192 cases only 5 were users of city water. In spite
this showing the city water was from a known contaminated
urce and a campaign against wells promised little until the city
yuld offer a pure supply as a substitute.
Milk is a factor in the Grand Rapids typhoid rate as in other large
merican cities. However Grand Rapids has carried milk inspec-
pn much further than some cities with lower typhoid fever rates but
stter public water supplies, and the greatest single factor in Grand
apids typhoid is polluted water, especially the water from shallow
plls in the poorer districts.
According to the data collected by the health office in 1907, the
rs of well water comprised about one-half the total population
they furnished 75 per cent of the typhoid, and in 1908 only 2}
ot cent of the typhoid cases were users of city water. The evidence
rainst the wells in Grand Rapids was definite and included repeated
icteriologic examinations. The great obstacle to the elimination
wells was the fact that the city supply was also polluted and
slieved by many to be more dangerous than the wells.
In February, 1910, the city council accepted the recommendations
its pure water commission and decided to install a rapid sand
[tration plant with provision for softening the water to the so-
Hed “Liake Michigan Standard.” In addition to the coagulant,
ldimentation, and mechanical filtration, there will be provision for
ing hypochlorite of lime when necessary to insure a safe water at
times.
The installation of a filtration plant and its effective operation will
ble the city to carry on conscientiously a vigorous campaign
ainst shallow wells and insanitary privies. The property owners’
fusal to accept city water not only perpetuated the well problem,
t also, on account of lack of water, prevented the substitution of
sh closets for insanitary outdoor privies. In Grand Rapids the
oblem is very similar to that in Toledo, and the solution is the
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same. The installation of a safe municipal supply is the first stey
It will not effect a great immediate reduction of typhoid fever, but
the substantial reduction will follow when by means of this safe
public water supply the shallow well and insanitary privy are
eliminated.

GRAND HATVEN.

The population of Grand Haven in 1910 was 5,856. Only about
10 per cent of the population is tributary to sewers, the great
majority depending upon cesspools and privies, The water supply
is from shallow wells, but seems to be safe, as the typhoid deathi
rate per 100,000 for 20 years has been below 14.

HOLLANT.

Holland has a population of 10,490. It is situated 5 miles frome
the shore of Lake Michigan in the southwest corner of Ottawas
County, at the head of Black Lake. Black Lake is navigable and
gives Holland an excellent harbor. Holland’s water supply is from
shallow wells about 25 feet deep. Their purity depends upon the
exclusion of surface pollution and prevention of soil pollution in thes
vicinity. A good flow of safe water can be obtained by going througl
the 29 feet of beach sand and 84 feet of clay to a water-bearings
stratum of sharp gravel and silt. Unfortunately the water so ob=
tained is saline. In the event of growth, Holland will be eventuallys
obliged to go to Lake Michigan for a public drinking supply. Ex
tension of the present shallow-well system may suffice for some years
and it is possible that deeper drilling might yield unobjectionables
water.

Any considerable growth of the city would overtax the presen
wells and increase the chances of contamination. The only proteg
tion now afforded consists in the character of the soil. Rainfa
and pollution on the surface of the sand is more likely to filter
through rather than drain over the surface to the open wells,

Under any conditions contamination of the present supply mus
be regarded as possible. Holland has several factories, including a
sugar factory and tannery; about half the population has access ti
the sewers. Sewage amounts to about 300,000 gallons. This with
the wastes from a large tannery and sugar factory is passed throug
septic tanks and discharged into Black Lake.

Holland with Ottawa Beach attracts many summer visitors
Typhoid fever rates in Iolland for 16 years, 1889-1905, gave al
average of 29 deaths per 100,000 population. Average for 1906-7 and
1908 has been but 10 per 100,000,
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KALAMAZOO RIVER DRAINAGE BASIN,

The Kalamazoo River is formed by the junction of the North and
South Branches of Albion, in the eastern part of Calhoun County, i
south-central Michigan. The two branches are each about 20 milesk
in length. The river flows in a general northwesterly direction ints :
Lake Michigan. :

There are no important tributaries. The length of the river
below Albion is 101 miles. The total drainage area is about 2,000
square miles. |

The drainage basin is overlain with glacial deposits, which are:
thinnest near the sources of the river. The surface of the
basin is rolling. Prairie, swamp, and hilly stretches alternate atl
short intervals. I
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Mar 28 —The Kalamazoo River Drainage Basin,

The current of the river is swift, averaging about 3 miles an hour,
and its slope uniform, there being no waterfalls and no considerable
rapids except at two points, at each of which there occurs a desce i
of 3 or 4 feet within a distance of a few rods. The river flows through
a rich agricultural region, in a valley from one-fourth of a mile to 2
or 3 miles in width, backed by low hills or sloping gently to the
upland. The flat lands in the valley through which the river winds
in a tortuous manner are often flooded. There are within the drain:
age basin a large number of small lakes and spring hollows, in whick
water stands part or all of the time. Many of these have no surfs
outlets and feed the stream only through seepage or ground flow.
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" The population of the area drained by the Kalamazoo is approxi-
nately 135,000 persons. This means a density of 67 persons to the
quare mile. The urban population is as follows:

Citles.  Population. | y Cities. |I'-upu]&liun.
s e | iyt o | BT T | e e s | 4,236
Bk o e P LT A | 1T | A e R g | 3,418
RN = e s s s l i O - i e e 2,812

i oAl HFDAM, .o ies s i | 81,004

Subtracting the urban population, there remains a rural population
of 54,000, a density of only 27 persons to the square mile. Obviously
he rural part of the population is a negligible factor in pollution of
he river. Of the urban population of 81,000, 77 per cent is resident
n the two cities of Kalamazoo and Battle Creek, and it is from these
'wo cities that the bulk of the gross pollution reaches the Kalamazoo
River. Even if the entire sewage of the 135,000 persons on the
watershed was discharged direct into the stream, the even flow of
he river is sufficient in volume to insure prevention of nuisance.

TasLe 34— Monthly discharge of Kalamazoo River near Allegan, Mich., for 1907.

Dizcharge in sscond-feat.
Months.
! Maximum.| Minimam. Mean.

R I e e e Ry e e e e T 3,520 1,270 1,520
B T o o e e S e e R IR S & ok e S S 1,870 i 1,320
B s s 3,340 Bd5 1, TG0
ril. -. 3,520 EB2 1,630
................................................................ 2,670 B20 1,530
e e R S Rt S R o PR R A s e S e ol 1,450 529 1,110
{‘39':1) ..................................................... {,ﬂ.ﬂ] Eg %

Hgst [y e e T AR R e s U e R B R e 3
R T e e s e e & S § e B L T e R T 1,330 b i)
S S M e b e an, e S Sl el o 1,460 518 1,080
LI No- Ecnte  at L C e L 1,630 bt 1,020
L o R R e R R S R S R e I 3, 400 338 1,340

The lowest mean monthly flow was 736 second-feet in August,
1907 (29 days), and this would allow 5.45 cubic feet per second for
bach 1,000 of the population. The stream flow is sufficient to obviate
he nuisance, but the pollution with sewage by the urban communities
renders the water dangerous for a great part of its eourse. The rather
apid and steady current (about 3 miles per hour) makes it prob-
hble that dangerous pollution at times in considerable quantity is
sarried as far as the lake at the river’s mouth.

ALBION.

One-third of Albion’s population has access to the sewer system.
&e sewage is discharged into the Kalamazoo River without
atment.
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Albion’s pollution is quite distant from the mouth of the river, ang
no towns on the river use river water as a public supply. These fae
minimize the danger from the sewage of this small city (popula
5,833). Albion has a water supply from flowing wells which
probably uncontaminated. In recent years Albion has suffered litgl
from typhoid fever, only two deaths being recorded in four
1905-1908.

MARSHALL.

i

Like Albion, Marshall is distant from Lake Michigan, and e
amount of sewage does little damage because the inhabitants o
cities and towns below Marshall do not use river water for drinki 0
purposes. Marshall’s water supply is derived from deep wells jp
sandstone, and is probably pure. There is storage for 235,000
lons in a standpipe 100 feet high. The population of Marshall i
1,236, *

BATTLE CREEK.

The population of Battle Creek in 1910 was 25,267. The publi
water supply is from Goguac Lake and Minges Brook, a surface suj
ply which is undoubtedly contaminated at times. Goguac Lake i8
used extensively as a summer resort, and yet water is
without filtration to the consumers. One-third of the populatiol
still depends upon surface wells, and these shallow wells must be cor
sidered & dangerous factor in Battle Creek’s typhoid.

Battle Creek has had a high typhoid rate for many years.

Deaths per 100,000, typhoid fever: Average, 16 years (1889-1905), 34.6; 1906, 33 33
1907, 24; 1908, 38.7; 1909, 34.

Chart 59 shows too many cases have occurred in J anuary, Febry
ary, March, and April, suggesting water as a factor.

In Battle Creek about one-third of the population depends upon
privies. Battle Creek has about 28 miles of sewers to which abo 1t
15,000 people are tributary. These sewers disch arge by 17 outlets inte
Kalamazoo River and its tributary, Battle Creek. There is i

treatment of the sewage.
KALAMAZOOD.

Kalamazoo had a population of 39,437 in 1010, It is situated o
the Kalamazoo River about 20 miles below Battle Creek. Sevent
five per cent of the population have access to the sewers, which an
mostly on the separate plan. There are about 70 miles of sewe :
discharging by six outlets into the Kalamazoo River. Kalamazo:
has a public water supply from wells. There is a large central wel
32 feet deep and 22 feet in diameter, surrounded by 13 tubular well
which flow into it. The tubular wells are from 80 to 120 feet deey
The wells are entirely in sand and gravel, passing through no imper
vious stratum, but the water seems to be of excellent quality.
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Kalamazoo has had a rather low prevalence of typhoid compared
with other Michigan cities, and it is probable that the water supply
isuncontaminated. The average typhoid rate for 10 years, 1900-1909,
was 26.6 deaths per 100,000, and in 1909 the rate was only 7.6.

BATTLE CREEK,MICH. — TYPHOID FEVER.
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CHART §9.—Battle Creek, Mich., has a seasonal prevalence for typhoid fever quite different from that of
cities with safe water supplies.

BLACK RIVER BASIN.

The Black River drains a very small area in Van Buren and Allegan
Counties. The only community of importance on this watershed is
the city of South Haven, situated at the mouth of Black River.

SOUTH HAVEN.

The city of South Haven has a resident population of 3,577. The
transient population in summer excoeds this. Most of the transients
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"and excursionists come to South Haven by boat from Milwaukee an
Chicago. The main trunk sewer of South Haven empties into th
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Map 29.—Bouth Haven, Mich,, showing the relation between the harbor entrance and the waterworks int:
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Black River at its mouth. The water supply is taken from Lake
Michigan about 1,600 feet beyond the piers at the river’s mouth and
a little to the south of the mouth of the river. Undoubtedly the
water is polluted with sewage at times and is manifestly unfit for
drinking purposes. The typhoid fever death rate for 17 years,
1889-1906, was 48 per 100,000 population.

ST. JOSEPH RIVER DRATNAGE BASIN.

The St. Joseph River rises in Hillsdale County, Mich., at Bunday
Hills, and at first flows in a southwesterly direction into Indiana.
At South Bend it turns north and reenters Michigan near Bertrand.

It then flows in a general northwesterly direction to empty into Lake
Michigan at St. Joseph.
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MaF 30.—EL Joseph River Drainage Basin.

In its course it drains parts of La Grange, Noble, and St. Joseph
|Counties, and all of Elkhart County, Ind. In Michigan it drains
parts of Hillsdale, Calhoun, Kalamazoo, Van Buren, and Berrien
Counties, and all of Branch, St. Joseph, and Cass Counties. The total
area drained is approximately 4,586 square miles, of which 2,916
square miles are in Michigan and 1,670 square miles are in Indiana.
The drainage basin contains more than 400 small lakes, varying in
surface area from one-eighth of a square mile to 6 square miles. Of
these approximately 100 are in Indiana and 300 in Michigan,

The drainage basin lies in a completely glaciated region and is
overlain with diversified drift deposits. The cwrrent of the river
from South Bend to its mouth was formerly reversed, and this valley
formed an outlet for the waters of Lake Michigan, which turned to
the southwest through Kankakee River at South Bend, and thus
reached the Mississippi through Illinois River,
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The basin of the St. Joseph, in Michigan, contains relatively little
marsh land not artificially drained and relatively little unclearad
land. About a third of the lakes, however, are without visible out
lets. The proportion of undrained lakes in Indiana is smaller and
the swamp lands are much more extensive,

Elkhart River, one of the principal Indiana tributaries of the
Joseph, drains an area of about 500 square miles, which contains large;
lakes and extended swamps, the principal fall of the stream occurri
in its passage from marsh to marsh.

The country drained is a populous agricultural region and includes
the famous fruit belt. Tt also receives the drainage of several cities
and large towns. The total population in the drainage basin is
approximately 335,000, which gives a density of 73 persons to thes
square mile.

The bad quality of a river water is in direct proportion to thes
density of its drainage area. Subtracting an urban population off
130,000 living in communities of more than 5,000 population, we:
have a rural population of 44 persons to the square mile. This in)
itself is not excessive, and by far the most important source of pol=:
lution of the St. Joseph River is the cities which discharge theirs
sewage into the river without treatment of any kind. The streams
flow records of the St. Joseph River show that there is ample flow te
prevent nuisance from the pollution. The flow is remarkably uni-
form and the slight variation is shown by the following table:

Tanie 35.—Estimated monthly discharge of St. Joseph River near Buchanan, Michy

for 1505}
: Discharge in second-feat.
Months, :
Maximum. Irl]n:inani Mean,
AR o e e §.122 2,451 4,78
B L e R e s e e e i 2 6, 249 3. 432 4. GS
e e e e e ey g RN e L e 10, 360 3, 558 i, 08
R e s L s e e e S e e e - i e S 4, BT 2,472 3, 58
ﬂ:}ﬂ};i ............................................................. ;’E 1’5;? |
T T RS S s e s o e e g e 3,432 1,406 2, 308
s el o s e i S e e P G o L R 3, 07 1,200 2,23
November.. ... .. cooeiie STy AR S Sl e S SR &, 481 1,846 |. 2.8
L e R L B R T 3, 56l 2,188 3,03

1 I'rotn United States Geologieal SBurvey Reports,

Allowing 3} second-feet for each 1,000 of the population would
require a stream flow of 1,172 cubic feet per second to avoid nuisance,
Upon this basis of calculation, and from the standpoint of nuisance
only, the St. Joseph should have no trouble in caring for the pollution
of 335,000 people.
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Tawie 38.— Urban communities contributing sewage lo the St. Joseph River.

Popula-
Cities. tiomy 1910, Cikise, tion, 1910,
Cold Water, Mich.................... E: 045 || 9M0eg; MO s vvs St i i e s e 5,15
Three Rivers, Mich........... ... ... 5,072 || Dowaeiae, Mieh.. ... ..o ooooiiiio.. 5,088
E A O R e e 8,514 || Benton Flarbor, Mich. ... .. .. ... 9, 18
T T o0 10,252 || Bt. Joseph, Mich. ....... .. . T 5,9
Mishawlka, Tnd........ccoccaaaa o, 11,836
EBonth Bend, Ind........ 53, 654 e e 129,

but the sewage of the sanitary or separate system is passed througk
septic tanks, the effluent discharging into the Coldwater River,
which is a tributary of the St. Joseph. |
Elkhart and South Bend have large populations, and have hs .
at times very high typhoid fever rates. :
The following table shows the deaths from typhoid fever per
100,000 in South Bend and Elkhart for nine years: |

Tasre 39.— Deaths per 100,000 from typhoid fever.

- | Avorage 3
Citing, | 9 years, | 1901 | 1902 | 1903 | 1904 | 1905 | 1906 | 1907 | 1908 | 1909 | 1910

A 00]=1900 |

|- 1
Botith Benel . ... _..... PP P 2241204253149 | 10.8 ) 278 170 19.8 2.0 (39| 167
ol Ty e 6.3 | 331 | 564 | 55.1 | 459 | 626 | 11.4) 5.6 S0 000 10.3

DOWAGIAC,

The population of Dowagiac is 5,088. About 25 per cent of the
population has access to sewers which discharge into the Dowagiae
Creck. The water supply is from wells, and considerable typhoid
has been reported in the city. The typhoid deaths per 100,000
average 22.

NILES. :

Niles has a population of 5,156. There are about 1,500 persons
who have access to the sewers. The sewers discharge into the S
Joseph River. The water supply is from wells and from Barron
Lake, a source subject to contamination. The typhoid rate for
years has averaged about 30 deaths per 100,000 population.
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In Benton Harbor the average typhold fever death rate for 20
years up to 1908 was only about 15 per 100,000. In 1909 and 1910
the rate was about 22 deaths per 100,000, :

BT. JOSEPH.

St. Joseph has a population of 5,936. The summer population is
much larger, and thousands of one-day execursionists from Chicagg

BentonHARBOR AND STJ0SEPH cOMPARED—T YPHOID FEVER.

Beatts udtiplied by 16 by months, 10 weak freonod, 190/ 1900 |
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CHART 60.—The greatest prevalence of typhoid fever in 8t. Joseph, Mich., is in February, Mareh, Apr 1K

and May. The contrast with Benton Harbor is striking.
and other large cities in neighboring States come to St. Joseph in
the summer months. Excursion trains run regularly from Indian
cities north to St. Joseph during the summer months and eca
thousands of people each season to the bathing beaches, The intalke
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ipe of the St. Joseph water works is 1,500 feet offshore and about,
;000 feet south of the mouth of the grossly pollutéd St. Joseph
tiver. The stay of many of the summer visitors at St. Joseph is
hort, sometimes only a few hours, but long enough to drink the
angerous St. Joseph water and carry back to Indiana or Tllinois
he germs of typhoid fever. Typhoid fever has been much more
revalent in St. Joseph than in Benton Harbor. The average death
ate per 100,000 for the past 10 years, 1901-1910, was 40. In 1910
he rate rose to 100, due entirely to an outbreak in February, April,
nd May.

The sewers of St. Joseph all discharge into the river. The water-
rorks intake 1s less than a mile south of the river’s mouth. The

Benton Harsor anp ST Josepn compareD — lyeuoip Fever.
By monlhs 19/0 Dealted mulliplied by 10

Jan. | Fes. | Mar. |Aprr. | May | Juwe | Joey | Ave | Ser |Oer |Now | Dec.

20

/3

/0

\
A

i
e

CEArT 6l.—Contrasting the sister eities, 8t. Jozoph and Beniton Harbor, in seasonal prevalence of
typhoid fever during 1910,  (5t. Joseph, solid line; Benlon Harbor, dotted line.)

take is only 1,500 feet ofishore in 16 feet of water. The water at
ie intake can not escape pollution at times and this pollution may
s especially dangerous in times of flood or high water in the St.
bseph River.

The excessive prevalence of typhoid fever in March, April, and May
well shown by Chart No. 60. Chart No. 61 for the year 1910
jows an outbreak of typhoid fever in St, Joseph, with its greatest
tensity in March. It is interesting to compare the twin cities of
enton Harbor and St. Joseph. Benton Harbor’s supply has been
om deep wells. Evidence of surface contamination has occa-
pnally been found, but in general the Benton Harbor supply has

TS —12 14
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been safe. New deep wells have recently been added and the water
though having a high mineral content is safe bacteriologically. O

the other hand St. Joseph’s water supply is polluted with the sewag
of both cities, and probably grossly polluted in the winter and spring
months. Note the high prevalence of typhoid fever in St. Josepk
in the first half of the year. In Benton Harbor, as might be ex
pected, the typhoid curve reaches its height in October. ]

CONCLUSIONS.

1. The water supply of Mackinae Island may be classed as saf
Care should be taken to prevent the use of other supplies.

2. Cheboygan and Harbor Springs, and the intervening resorts on
the “‘inland Lake Route,” Mullet Lake, Topinabee, Indian River,
Burt Lake, Alanson, Oden, and Conway all have safe water suppliesJ

3. Petoskey’s water supply is exposed to pollution from proximit;
to a polluted stream. The wells are also too near the sewer outfall,
The filter efficiency of the intervening lake sand may in time becomés
impaired. Further, in times of drought, scarcity of water has beent
met by pumping water direct from the river. Wells should hav
been dug at a greater distance from the sewer outfall and river, and
a sufficient supply secured to obviate the necessity of using raw rive
water at any time.

4. Charlevoix has a safe water supply and the Boyne supply
seems as yet to be uncontaminated. Elk Rapids has a supply whiel
is exposed to pollution, but seems to escape because of sparse pop
lation and absence of urban sewage.

5. Traverse City has had an undue prevalence of typhoid fever
especially in the winter and spring since 1907. The water supply
must be polluted at times. Under normal conditions the sewage:
polluted water of the Boardman River is carried away from the
intake by the usual current. This same current, however, ma
carry pollution to the intake from the hospital sewer situated to!
the west of the intake. .

Under abnormal weather conditions currents undoubtedly ares
produced from east to west which would carry without difficulty
the polluted Boardman River water to the intake. -

It is the plain duty of the municipality of Traverse City to makes
its water supply safe at once. This can be done cheaply by thi
use of hypochlorite of lime. If further purification is desired
remove turbidity, filtration can be resorted to. The sewage disposa
question is secondary, and the present system of disposal by dilutioz
may suffice for years, provided the very necessary treatment o
filtration of the public water supply is instituted without delay.

6. Manistee has a water supply which may be classed as safe
Much remains to be done in the work of eliminating insanitar
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rivies and shallow wells. The typhoid fever rates have been ow
ccepting the years 1907 and 1908. The high rates in these years
ere due to excessive prevalence from August to October. The low
tes in winter months and the low yearly rates for the years, except-
& 1907 and 1908, must be ascribed to the influence of a good water
pply-
7. Ludington’s water supply is exposed to pollution from Lake
arquetfe, "ﬁr]ur:]l receives the entire sewage discharge of the city.
his pollution is especially liable to occur following heavy rains
id floods in the Pere Marquette River. In quiet weather Lake
uette acts as a sedimentation basin for Ludington’s sewage and
ords protection to the intake.
Ludington should install a temporary hypochlorite plant for
ting the public water supply at once. If desired, a filtration
t could be substituted later.
8. Muskegon’s water supply is exposed to pollution and undoubt-
ly is polluted at times. The degree of pollution is modified by
e sedimentation action of Muskegon Lake. The pollution is most
ely to occur following high water or floods in the Muskegon River.
uskegon has been fortunate, but the menace is always present
d disaster may occur at any time. As the city grows this menace
increase progressively. Muskegon’s water supply should be
ted with hypochlorite of lime and the plant installed without
y. The hypochlorite will suffice to make the water safe. The
tallation of a filtration plant may follow if the turbidity is trouble-
8.
. The Grand River receives pollution from a rural population
less than 33 persons to the square mile. The urban population
the watershed is 205,000 and sewage pollution from the sewered
fes and towns is considerable. This pollution is minimized as
menace to the public health by the fact that no city except Grand
ipids uses the river water as a source of supply. The sewage of
and Rapids, the greatest single source of pollution, has 40 miles
river flow for purification before discharge into the lake. The
t waterworks intake to the mouth of the Grand River is Mus-
n, 12 miles north. It is likely that the raw water at Muskegon
ot greatly affected, if at all, by the discharge of the Grand River.
0. The water supply of Jackson is from deep wells in sandstone
is safe. Jackson has a sewage disposal plant and is 140 miles
ve Grand Rapids, which is the only city using Grand River as a
e of water supply.
1. Lansing’s sewage goes untreated into the river. Lansing

a safe water supply from deep wells. The only dangerous fea-
e of the Lansmg supply lies in the fact that the water main passes

der the river. There is said to be a pressure of 70 pounds in the
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main and consequently pollution of the water supply is unlikel
from the river water.

12. Grand Rapids discharges its sewage into the Grand River, ar
recently a legal decision confirmed the right of Grand Rapids to us
the river for purposes of sewage disposal. Grand Rapids has
fered severely from typhoid fever and this high prevalence has ha
an interstate significance in the past. The greatest single factor §
this high typhoid rate has been the contaminated shallow well
There are also many insanitary privies. The elimination of these wel
and privies necessitates a pure public water supply, which up to tk
present Grand Rapids did not possess. The installation of a moder
filter plant is under way and Grand Rapids will soon have a sa
public water supply. The health commissioner will then be in
position to push vigorously the campaign against the shallow wel
and insanitary yard privies.

Two things are essential in converting a polluted river water in
a safe public water supply—a modern filter plant and expert supes
vision. It is to be hoped that Grand Rapids will not neglect th
latter requisite.

13. The present water supply of Holland is exposed to little pe
lution, because of the porous character of the soil. Increase ¢
population will eventually force Holland to go to Lake Michigan f¢
an adequate public water supply. When this occurs the Lak
Michigan water must be rendered safe by appropriate

14. Kalamazoo River drainage basin receives an 1n31gmﬁ1:
amount of pollution outside of the sewage of Albion, Marshal
Battle Creek, and Kalamazoo. None of the cities use tlm_ river 8
a source of water supply. Albion and Marshall contribute smas
quantities of sewage to the Kalamazoo. Both cities have sal
water supplies. Battle Creek takes its water supply from Ming
Brook and Goguac Lake. This supply is exposed to contamination,a
Gugum Lake is used as a summer resort. One-third of the popul
tion depends upon shallow wells. The typhoid fever rate has hee
high, with undue prevalence in January, February, March, and Apr
The sewage of the city is tlischarged untreated into the Kalamazoe
Battle Creek needs badly a safe water supp]}' and a campaign agai
the shallow wells and insanitary privies.

Kalamazoo discharges its sewage untreated into the river. T
public water supply is probably uncontaminated. Typhoid fev
rates have been comparatively low in Kalamazoo. The effect of t
discharge of Kalamazoo River on the sanitary quality of Lake Miel
gan water is a negligible quantity, except within a few miles of t
mouth, at Saugatuck. The nearest waterworks intake is at Sou
Haven, 20 miles south, which is probably unaffected from this sour










V. LAKE HURON, ST. CLAIR RIVER, LAKE ST. CLAIR, AND THE
DETROIT RIVER.

LAKE HURON AS A SOURCE OF WATER BUPFPLY.

As a source of water supply Lake Huron ig ideal. Its enormous
torage capacity insures storage for years of the amount of water
owing into it. In other words, if all inflow were stopped, it would
ake vears for this great basin to empty itsell by losing daily the
resent average daily flow through its only outlet, the St. Clair
piver. This fact of enormous storage, with the sedimentation and
reat dilution afforded, narrows the question of sewage pollution to
me of local significance, so far as Lake Huron is concerned.

Owing to the enormous volume of water in Lake Huron and to the
mall size of the communities situated thereon sewage pollution does
ot alter the general quality of the lake water, except for a few miles
h the vicinity of the sewer outfalls. The sewage of the cities in the
aginaw Valley constitutes an exception. The polluted Saginaw
Liver, emptying into Saginaw Bay, renders the water of Saginaw Bay
infit for drinking purposes without treatment or filtration. This
ollution at certain seasons would be evident because of currents
d the shallowness of the bay for many miles. Outside of Saginaw
v, and Thunder Bay in the vicinity of Alpena’s sewers, the water
f Lake Huron receives only a negligible quantity of pollution, and
hould be of excellent quality.

T. CLAIR RIVER, LAEKE S8T. CLAIR, AND THE DETROIT RIVER AS
SOURCES OF PUBLIC WATER SUPFLIES.

The water of Lake Huron, entering the St.Clair River,is relatively
ure. Within comparatively narrow limits (about 70 miles) this
hternational waterway, between Port Huron and the mouth of the
Detroit River, receives the pollution of about 1,000,000 people. The
patershed is largely clay near the waterway, and surface pollution
B washed into the streams quickly without the opportunity for
urification afforded by a porous soil. The result is that at certain
easons of rain and flood there is no part of the international water-
pay between Port Huron and the mouth of the Detroit River which
lan furnish safe drinking water without filtration or other treatment.
Even if the sewage of Port Huron, Sarnia, Detroit, Windsor, and
ther cities was eliminated from the problem, the water of the St.
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Clair River, Lake St. Clair, or Detroit Ri* = could not be depende
upon to furnish a safe water without filii, on or treatment evep
day in the year. Following heavy rains, .- ws, and floods the cha
acter of the water would be dangerous at times because of the surf r0e
washings of this large and populous area washed into a comparatively:
short streteh of running water. 2

The most favorable point for securing a good raw water is natu=
rally above Detroit’s sewer outfalls and below Lake St. Clair. T s
point avoids the nearest and largest single source of po_iution Detra
sewage) and allows the longest possible time of transit from the
second largest single source (Port Huron), besides benefitiig by thes
action of a great natural sedimentation basin (Lake St. Clair). !

This point has virtually been selected for Detroit’s waterworkss
intake. Even this favorable location is exposed to pollution and iss
undoubtedly polluted at times.

COAST STREAMS FROM THE STRAITE OF MACKINAC TO THUNDER BA ',

The coast streams from the straits of Mackinac to Thunder Bay
are insignincant and drain a sparsely settled country. The lareesi
community on this part of the lake shore has only 700 inhabitants
The present pollution is a negligible q uantity.

THUNDER BAY RIVER DRAINAGE BASIN.

Thunder Bay River rises in the southern part of Montmorenes
County, in the northeastern part of the lower peninsula of Michigan,
and flows in a generally northeasterly direction to within about 15
miles of its mouth, where it turns and flows southwestward, emptying
into Thunder Bay at Alpena. The important tributaries on the
Tight or south bank beginning at the sources are: Upper South
Branch and South Branch. Nenelon River is a tributary of the
South Branch. On the left or north bank there is only one tribu-
tary, the North Branch. The total length of the river, not follow:
ing the bends, is about 50 miles.

The upper portions of the drainage basin are in general level or
undulating, the central part is rolling and hilly, and the lower portion
is level, with shallow sand ridges. The elevation of the sources of
the river is approximately 1,200 feet; the elevation of the mouth is
581 feet,

This drainage basin was formerly heavily timbered with Michigan
pine.  Most of the pine has been eut, but a large number of conifers,
hardwoods, white birch, and cedar remains, so that this area may be
said to be forested rather than eleared.

The only community of importance in the basin of the Thunder
Bay River is Alpena.
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ALPENA.

The city of Alpena has a population of 12,706 and is situated on
Chunder Bay at the mouth of Thunder Bay River. Its sewage and

#{‘ 2‘ o

Mar 32.—Coast streams anid watersheds from the Straits of Mackinae to Saginaw Bay.

lluted soil washings empty into the river. There are a fow deep
|d some shallow wells, but the main water supply is pumped from




Thunder Bay. In 1905 the city purchased the plant of a private
water company which had been installed in 1879. The plant had a
considerable mileage of wooden mains and was in poor condition.

A Lrena, Mich. TypHoip FEVER. __
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During the past five years Alpena has had an excessive typhoi
fever rate, and there is reason to believe that the sewage pollution o
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ts water supply was, in part at least, responsible. Chart 62 shows
yphoid fever deaths per 100,000, multiplied by 10 to represent cases
»y months for 10 years, 1901-1910. In the month of February

ALPENA, MicH. TYPHOID FEVER.
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BHART 63.—Alpena, Mich. Typhoid fever, 1907 to 1910, The excessive prevalence in February, March,
and April iz notabla,

becurred by far the highest typhoid mortality, indicating that the
nfection reached the vietims in December or January. April is the
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second worst month, indicating an infection in late February or
March. The typhoid rate has been steadily increasing in Alpena,
and chart No. 63 for the period of four years, 1907-1910, shows even
more clearly the preponderance of winter typhoid. .
During the five years 1901-1905 the average typhoid death rate
per 100,000 was 18, while during the last five years (1906-1910) the
rate has risen to 51.  Over 50 per cent of the typhoid deaths oceurred
in January, February, March, and April, and more than 25 per cent
in the month of February alone. Consistently high typhoid rates in
the winter and spring months for years indicate an infected water
supply, as no other factor in typhoid transmission will explain such a
record.
The insanitary outdoor privy is very much in evidence in Alpena
and the shallow wells are also a menace to the health of the com
munity, but the greatest single factor is probably the polluted publie

water supply.
DIARRHEA AND ENTERITIS IN ALPENA.

The death rate for diarrhea and enteritis in Alpena is appalling: ir
fact, no city in the State except Eseanaba has a rate that even
approaches it. It is striking also that the cities with bad typhoid
records, and especially those with polluted water supplies, have high
death rates for enteritis under 2 years of age. By cities with polluted
water supplies are meant not only those with a polluted public sup-
ply but also those in which a large part of the population depends
upon shallow surface wells.

TasLe 40.—Cities of from 12,000 to 50,000 population, deaths per 100,000, average for
1 years, 1905 lo 1910,

Enteritis | Enteritis

o | Tades g

* | yeams. T ear
B0 | 17T TS S S 46.7 1626 | Tanaing. o e 353 566
Eesanabe, (oo cio sl lsr‘-.ll[ 1586.0 || Battle Creak., ....oicuvun. 3.3 4.0
Bault Ste, Marba. .. ... oo 52.3 13406 || Kalamazo0... .. .oveeeeenn. 20.56 &0.0
hatih e PR S R e 43.5 R N AT s e e 28.3 45.5
Tehipeainlng . ..o 15. 113.0.( Miusheepom. - ..o oa i i M7 5.8
7 T R R i 42,10 786 || SOQIAW. ermmmmmrnnns 24. 420
B e i L e 430 (R BT e T e e 2.5 4.0
Traverse iy . ......coeveenus 42.0 S G AT AThOr. Sl 21 136
L5 b R R S R 37.3 56.3 || Momistee...........c...... 20.5 45,0

The above table shows that in every instance a city with an enteritis
rate below 60 deaths per 100,000 also had a typhoid rate below 40,

It shows further that those cities with an enteritis of from 60 to 185
had, with the exception of Ishpeming, typhoid rates above 40 and rs
ing as high as 136, '

Chart No. 64 shows Alpena compared with Ann Arbor and Pontia
cities of the same class.
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The dotted line represents enteritis under 2 years of age and the
golid line typhoid fever. The chart is based on death rates per
100,000 population per annum by months for a period of six years
from 1905 to 1910. The excessive prevalence of enteritis and typhoid
in Alpena should be noted, especially during the winter and spring
months. It should also be noted that the enteritis curve corresponds
in seasonal prevalence to the typhoid curve.

Although enteritis of children is a summer and antumnal disease,
whenever there is winter typhoid there is also ‘‘winter '’ enteritis.

From the standpoint of prevention of mortality, and especially of
infant mortality, it matters little whether these deaths recorded as
diarrhea and enteritis are really typhoid, bacillary dysentery, or some
other disease. The pertinent fact stands out prominently that this
terrible mortality can be reduced enormously by the application of
those measures which are necessary for the reduction or eradication
of typhoid fever. It is necessary to have a safe water supply, a proper
disposal of sewage, and to wage a campaign for the elimination of the
insanitary privy and the dangerous shallow well.

AT SABLE RIVER DRAINAGE BASIN.

The drainage basin of Au Sable River lies in the northeastern part
of Michigan, The river rises in the heart of the plateau region in the
eentral part of northern Michigan, in the southern part of Otsego
County, flows southward along the western side of Crawford County to
Grayling, then turns and flows eastward across Crawford and Oscoda
Counties, thence southeastward, and joins Lake Huron at Au Sable.
The South Branch and the North Branch are the principal tributaries.
The river is about 100 miles in length, not following the bends, and its
total drainage area comprises about 2,010 square miles.

Along the lower 20 miles of the river the drainage basin is narrow,
having an average width of about 5 miles; but farther up it is some-
what regular in shape, being about 40 miles long by about 30 miles
wide. In its wider portion the basin consists chiefly of sand and
gravel plains with undrained hollows. The elevation of the sources
of the river is about 1,250 feet; at Bamfield, about 40 miles from the
mouth, following the river, the elevation is approximately 850 feet
and the elevation at the mouth is 581 feet.

This district was at one time noted for its white pine, but the area
is now almost entirely cleared of its valuable native timber and is in
great part covered with scrub conifers.

There are no cities or towns of importance in this drainage basin.
The sparse rural population is scattered widely over a very sandy
area, and present pollution from this source need not be considered.
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THE SAGINAW BAY DRAINAGE AREA.

This drainage area may be subdivided into: (a) Coast streams ofi
minor importance, including the Rifle Rivers; and (b) Saginaw Riven

Basin.
COAST STREAMS.

The pollution of Saginaw Bay by the coast streams, including the:
Au Gres, Rifle, Pigeon, and Point aux Barques Rivers, is inconsider-
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MAFP 33.—The Saginaw Bay dralnage area.

able. There are no large cities, towns, or villages on these watersheds
and the rural population is sparse. Along the sandy beach of Tosco
County are found the following once busy communities: Oscoda,
Au Sable, East Tawas, and Tawas City. Their population is becom-

ing less, and their importance declining rapidly with the falling off in

the lumber industry.

T R
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Population in decades,
City or village. I | '
| 1900 | 1o 1580

| .
e L M s MY 1,106 | 4,328
TR R R e L A R R S RS e S A TR i RN R 864 | L1090 3,508
R e N T S R T RN I R R TR )

e el T R R R R R R S S SR S LS R SR Tl D T B 1,544

The amount of pollution from these decadent cities can be disre-
garded.
THE SAGINAW RIVER BASIN.

The Saginaw River is formed by the union of three streams—the
Shiawassee, the Tittabawassee, and the Cass Rivers.

The drainage basin of the Saginaw River lies in the north-central
‘part of Michigan, surrounding Saginaw Bay. The Saginaw is formed
'by three rivers—the Tittabawassee, which is the most northern; the
Shiawassee, which extends to the south; and the Cass, which drains
the eastern part of the basin. The Tittabawassee River rises in the
southwestern part of Ogemaw County, flows southward to the central
part of Midland County near Midland, then southeastward, and joins
Saginaw River a few miles above the city of Saginaw. It receives the
waters of Tobacco, Salt, and Pine Rivers, and Chippewa River, which
discharges into the Pine. The Shiawassee River rises in the central
part of Livingston County and flows northward into the Saginaw
River. This river is really the main stream of the drainage basin, as
it is a direct continuation of Saginaw River. Its principal tribu-
taries are the Bad and Flint Rivers, the latter draining a larger area
than the Cass River. Cass River, the smallest of the three tributaries
that form the Saginaw, is formed by the union of the North and South
Branches. Considering the South Branch as the main stream, the
river rises in the western part of Samilac County, flows northward
until it crosses into Tuscola County, then southwestward into the
Saginaw about opposite the mouth of the Tittabawassee. It has no
important tributaries.

Saginaw River proper is only 20 miles long. The Tittabawassee
and the Shiawassee are about 80 miles in length, and the Cass is about
75 miles long. None of these measurements takes into account the
short bends and angles. The total drainage area of Saginaw River
comprises about 6,260 square miles; of this area about 2,620 square
miles belong to the Tittabawassee, about 2,420 square miles to the
Shiawassee, and about 994 square miles to the Cass.

This drainage basin, like most of the river basins in Michigan, is
covered with glacial drift and presents a flat surface, varied only by
the valleys which the larger streams have cut from 10 to 30 feet below
the plain. The depth of the surface deposits is not everywhere uni-
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form, varying from a thin film to a layer 500 feet thick, but being in
most places about 80 to 100 feet in thickness. To the southeast the
drift coating is very thin, the maximum being about 40 feet, butt
toward the west it becomes thicker.

The sources of the Tittabawassee are about 900 feet above sea levell
and at Midland the elevation is about 600 feet. Saginaw Bay is:
about 581 feet above sea level. The elevation of the sources of the
Shiawassee is about 920 feet; at Coruna the elevation is about 740
feet. The sources of the Cass are at an elevation of about 800 feet;:
at Vassar the elevation is about 610 feet The slope of the Saginaw:
River is so small that fluctuations in the elevation of Saginaw Bay’
caused by strong winds sometimes reverse the current in the river.

This section of Michigan has been about cleared of its timber, andl
the entire area is largely under cultivation, but some lumbering is:
still being done on the Tittabawassee.

Population of the Saginaw River Basin.

< - Estimated | . Estimated
Counties, population, | Counties. population,
b A e e e #,500 | Bhiavassee, parl of. ... ... ... .c.... | 16, 00 1
T e e e T 14,000 || Liviegston, partof.. ... ... ...cceeunes | £, 0001
| R R e T R T 23,000 || Lapeer, partol... ... .._....._ ... ......| 18, 001
B e e B0, 000 || Tuscola, partod. .. .ooooeviniiinnnns 17, 000 1
o R A S A 64,000 || Sanilac, Part of............o..ioieiine 11,000 1
S h A g ] e S D L T B0, 000 | —— =
Clare, part of. .. _, e e e S 4,500 Total estimated population...... 7,000 1
Gratiot partielic. ;. caiiis. Diisaaid 14,000 |
|

With an area of 6,260 square miles the density of population would
be 53 persons to the square mile. However, about 50 per cent of this
total population is resident in 12 communities.

Urban population of the Saginaw River Basin.

el
Cities ot villages, Population, | Cities or villages. PO o, e

|

|

L e ORI M 2 e ' 2.527
BRI R i e e e s E0CIBG A B - e s A e e i 2,838
i T At S ME e B R T S 000 N FRBOR, . ., s R LA L ) 2,35
[ Rk B T i o e T T T T e o S S S e e 2,215
Mount Pleasanb. .............cco0ueecss e | R R R S R 2,272
T R S R SR 3,46 —_————
T S R B e T T L BT 2,767 Totabdrban: o | 164, 323

If we subtract the urban population from the total we have a rural
population of 171,000, a density of only about 27 to the square mile—
manifestly too sparse a population to menace greatly the purity of the
streams. On examining the list of urban communities given abuve%
it will be noted that 134,000 of the urban population is resident in the
cities of Bay City, Saginaw, and Flint, and the sewage pollution from
these cities is a factor of paramount importance in the consideration
of sanitary conditions in the Saginaw River Basin,
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OWOsS0.

The city of Owosso has a population of 9,639. It1 situated on the
Shiawassee River. The public water supply is from artesian wells
and is pure. About 40 per cent of the population use the public sup-
ply; the rest use shallow wells. Typhoid fever rates in Owosso are
relatively low. The average for 16 years, 1880-1905, was 24.4. In
the last few years the rates have been higher.

Deaths per 100,000, typhoid fever: Average 16 years (1889-1905), 24.4; 1906, 10.7;
1907, 10.5; 1908, 31.3; 1909, 31.3; 1910, 31.8.

Owosso has sewers to which about 3,000 people have access, but
about three-fourths of the population still depends upon privies.
The sewage is discharged by four prineipal cutlets and several smaller
ones into the Shiawassee River without treatment of any kind.

FLINT.

The city of Flint has a population of 88,550 (1910), and is situated
on Flint River at the mouth of Thread Creek. The public water
supply is taken from Flint River above the city and delivered unfil-
tered. The amount used for drinking purposes is problematical.
There are many deep wells in Flint and a great part of the public
supply is used for manufacturing, fire purposes, and lawn sprinkling.
In spite of the fact that deep wells are numerous and the public water
supply 1s regarded with suspicion, there is no doubt that many peo-
ple do use the public supply for drinking and domestic purposes.

For 16 years (1889-1905) Flint had an average typhoid rate of 25
deaths per 100,000 population. The rates since have been much
higher.

Typhoid fever deaths per 100,000: Average, 16 years (1889-1905), 25; 1906, 38.5;
1907, 44; 1908, 67.6; 1900, 54; 1910, 105,

The pollution of the river by the sewage of Flint is considerable.
There are nearly 40 miles of sewers discharging by 27 outlets into
Flint River and Thread Creek. There i3 no sewage treatment.

Chart No. 65 shows the steady rise of the typhoid fever rate since
1905. The present excessive prevalence (1910) of typhoid fever in
Flint is probably greater than in any similar city in the registration
area of from 30,000 to 40,000 population. Such notorious typhoid
centers as Niagara Falls, N. Y., and Escanaba, Mich., had lower
rates than Flint for 1910.

Chart No. 65 also shows the relation between typhoid fever and
the deaths in children under 2 years recorded as enteritis or diarrhea.
It will be observed that the deaths from enteritis have increased
coincidently with the typhoid increase which began in 1905.

The reasons for the abnormally high rate in Flint should be ascer-
tained by the State and local authorities at once. In 1910 the rate

37958°—12——15
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FLINT, MicH, TyPHOID FEVERa<ENTERITIS.
Dealhs per 100,000 under 2 years, by years.
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was over 105 deaths per FunT, Micn, TyPHOID FEVER o~ ENTERITIS.

I[]U,UD[L_ Flint’s rapid Dealhs ber/00.000 by Monlhs, ﬁ\-ffqu#‘jmm_;?jg
growth in the past de- | [z [falMum [iee [P Junt Moy |AvG. |See Jocr [Wow [Dec
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From a life-saving standpoint, however, it matters little whethes
the disease of children registered as enteritis is really enteritis or &
specific disease such as bacillary dysentery or typhoid fever. The
really important thing is to institute prophylactic measures promptly-
The same measures will not only reduce the typhoid fever but will
reduce the enteritis as well,

SAGINAW.

The city of Saginaw is situated on both banks of the Saginaw
River, about 16 miles from its mouth. It owed its early rapid
growth and prosperity to the lumber industry. With the decline of
this industry Saginaw’s growth was checked from 1890 to 1900, but|
in the last decade it has revived, and, owing to new industries, made
a substantial gain in population, and now has a population of 50,510,
Its present rate of growth depends upon solid, substantial industries
and is likely to be maintained, which would result in a population
of at least 75,000 in 1930,

The city is divided by the river into East and West Saginaw, which
were formerly separate municipalities, but united in one city in 1890.
About 60 per cent of the population is resident on the east side.

SEEWER BYSTEM.

Saginaw’s sewers discharge into the Saginaw River or its bayous.,
There are about 12 outlets on the west and 14 on the east side of the:
river, as shown on the map 34. These outlets vary in size from 12!
inches to 7} feet. There is no treatment of the sewage before dis—
charge into the river.

WATERWORES BYSTEM.

As a result of the former division the city has inherited two dis-
tinct water systems. They have, however, points in common. The:
source is the same, the Saginaw River, and in both cases the water:
is pumped direct into the mains without sedimentation basins,,
reservoir, or standpipe. |

The west side plant was erected in 1872. The water is taken from.
a basin on the bank of the river which is protected by piling. The:
intake is at the foot of Court Street, and a large proportion of the:
city’s sewage is discharged within four blocks above the intake.
The east side plant was put in operation in 1873. The intake is at.
Lane Street, and no sewers enter above it.

In justice to the citizens of Saginaw, it must be admitted that they
have never been satisfied with their water supply. They have spent.
thousands of dollars in experiments and tests and have had expert.
opinien to help them solve the problem. It has finally become
apparent to everyone that to obtain a satisfactory supply for a city

&
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of such size in the Saginaw Valley other sources than groundwater
must be sought, and the future supply will probably be from the
Saginaw or Tittibawassee Rivers, filtered by mechanical filtration.
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MaP34.—City of Saginaw, Mich., showing sewer outlets. Waterworks and intakes smeindicated by eircles.
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Sources of pollution of Saginaw’s water supply consist of the sewage
and wastes from communities upon the Flint, Cass, Tittibawassee,
and Shiawassee Rivers, and the sewage of Saginaw itself. While
the sewage pollution of the towns above Saginaw is, in general, small
and undoubtedly affected by dilution and time of transit, still the:
aggregate is considerable, and the sewage from Flint alone is a facton
to be reckoned with seriously.

The following table gives the towns which have sewers discharging:
into the tributaries of the Saginaw River or its tributaries:

TABLE 41.
L}
City or village, | River, -Ft “::i“' | City or village. River. ! g-'::.h’
|

Ly 1o R A Ll T e e 38,550 || Holly............. Dage. . 1,537"
Lapear: . .20 ... | 5 [ [T 3,846 || MountPleasant...| Chippewa. . ... 3,972
Owosso._........ .| Shigwassee, . 0,630 || Middand. ..., Tittabawasse, .. 2, 588"
Fendon. . ........ o, i S Nl Clare .., ..........|..... o e 1,350

hirand s e s s 3 2,315 || 8t. Lonis_........ 1, 500
Corinng.. .. ......0h.oo.s da... 1,384 f Alma......... . .. Fine 2 757
Chesaning........[..... io.. 1,303 || Cara... o0 o NPRee, o By [
Howell Cass..... 2,88 || Vassor............ da 1,659

thacs Lo, 1,870

In addition to these more or less distant sources of pollution, there
is the pollution from Saginaw’s own sewers. The east side intake
is placed in the river above the outlets of the sewers. The west side
intake at Court Street is below the outlets of several of the largest
sewers in the city. However, the position of the east side intake
above the sewer outlets does not give it protection against sewage
pollution, as the natural current in the Saginaw River is at times
reversed. The level of the river is very little above that of the lake,
and with a strong northeast wind blowing the current in the river
is reversed and the sewage-polluted water is carried back over both
intakes. It is estimated that these “‘upstream” currents prevail
about 10 per cent of the time,

With such a water supply in genernl use the results would be
appalling, but fortunately the majority of the people has access to
othe supplies for drinking purposes. Cisterns for storing rain water
are in common use for washing purposes, and the city has a large
number of deep wells ranging from 90 to 140 feet in depth. Over
one-half the cost of sinking these wells was borne by the city, and
there are about 140 of them in use, From a public health stand-
point they have probably saved Saginaw from many cases of typhoid
fever, but the water is highly mineralized and can not be considered
water for drinking purposes.

TYPHOID FEVER IN SAGINAW.

The following table shows the deaths from typhoid fever for 10
years, 1901-1910, by months: '
|

i
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CHART 6i7.— Binghamton, N, Y., contrasted with Saginaw, Mich. Binghamion had @ filler plant installed
in 1902-3.
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For 16 years prior to 1905 Saginaw had an average typhoid death,
rate of 20 per 100,000 population. In 1904 the rate jumped to 49.3,,
and has been consistently high every since, except in 1907, when the.
rate feel to 18.1.

The rate is altogether too high for a city like Saginaw, where
economic and sanitary conditions are fairly good, and indicates that .
something is wrong with the water supply. The public water sup-

SAGINAW, MicH,; “TyPHoip FEVER.

Deaths ter 100,000, comparing Saginaw wiih Holyoke Mass
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CHarT 68.—Saginaw, Mich., and Holyoke, Mass., compared. Holyoke has a very good water supply;
the two eities have about equal populations,

ply is grossly polluted, and this pollution is admitted. Howewver,
the city has provided and encouraged the use of deep wells, and it
is said that the people do not drink the city water.

Charts 67, 68, and 69 show Saginaw’s typhoid fever death rate ¥
compared with cities of about the same size which have safe water
supplies.
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BEABONAL FREVALENCE.

| It will be noted from the table of deaths by months that in the

| years when an excessive number of typhoid deaths were recorded,
| the majority of these occurred in the winter and spring. In fact,

l SaGgINAW, MICH. “TYPHOID FEVER.
| Deaths er 100,000 -Saginaw compared with Pawlockel R

! 1900 | /q0/ | 1902|1903 | 1904| /905 | /906|907 | 190F | /F0G

S0

Led

L0

35

20

15

fa

¥]

0
| —— S qInaw: — — == Pawlvckel

CHART (9,—Comparison of Saginaw, Mich., with Pawtucket, . I. Pawtucket has a good water supply.

the total deaths from typhoid fever for 10 years shows the same
preponderance of ‘‘winter” typhoid,

Chart 70 shows the total deaths from typhoid fever by months for
the 10 years from 1901 to 1910. The greatest number occurred in

February.
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Chart 71 shows even more clearly the part played by winter and
spring typhoid in 1904, the worst typhoid year of the decade. To
indicate the date of infection the apices of the typhoid curve in

SAGINAW, MICH. “TypPHOID FEVER,
Tolal deaths for 10 years, /1901 —/9/0, by monlhs.

Jan | Fea WMar |Arr |May |Juwe Jely |Ave. | Sep |Ogt |NVov. |Dec
/b d
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i :
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5 \

Y

/0

!

CHART 70,—The seasonal prevalense chart of typhoid fever in Baginaw shows February 1o have the greatest]
number of deaths,

March and May should be moved back about six weeks, as the chart!
is made from typhoid deaths. -
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BAY CITY.

.Ba}" City ].mg a population of 45,166. It is situated on the Saginaw
River, occupying both banks to within 2 miles of its mouth. TIts
early history, like that of Saginaw, was closely associated with the

Sacinaw, MicH. TveHoip FEVER.

Dralhs by months, multipled by /0, year /904,
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CHART 71.—The monthly distribution in 1904 shows a great preponderance of deaths from typhoid fever
in the winter and spring months.

lumber industry. Bay City proper is on the east bank, and what
was formerly West Bay City lies across the river.
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SEWER SYSTEM.

The entire sewer system of Bay City discharges into the Saginaw
River. There are 29 outlets on the east and 6 on the west side o
the river. These outlets vary in size from 2 to 5 feet. The erude
sewage is discharged into the river without treatment of any kind.

INTAKE
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TITes

Mar 35.—Bay City, Mieh., showing sewer ontlets and waterworks Intakes in Saginaw Bay.
WATERWORKS SYSTEM,

Bay City, like Saginaw, has two distinet waterworks systems: Oney
on the east side and the other on the west side in what was formerl
West Bay City.

The east side intake is situated in Saginaw Bay, 31 miles east
the mouth of the river and 1 mile offshore in 4 feet of water. Th
water flows by gravity to the city limits and is then pumped into th
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mains. The west side intake is also in Saginaw Bay, 3 miles west of
the mouth of the river, and is one-half mile offshore in 9 feet of water.
The west side pumping station is on the bay shore, and the water is
pumped from there into the mains.

About 70 per eent of the people have the city water in their houses.
The number using it for drinking purposes is difficult to ascertain.,
Many people use well water and bottled water for drinking, and some
use the city water after boiling.

SOURCES OF POLLUTION OF THE BAY CITY WATER SUPPLY.

The same distant sources of pollution which affected the Saginaw
intakes affect Bay City also, with some modifications. The whole
surface and sewage pollution of the Saginaw Valley, including that of
Flint, Owosso, and Saginaw, is carried to the bay by means of the
Saginaw River. The modifications consist of the effect of dilution,
time of transit, and sedimentation in Saginaw Bay. In addition to
the pollution considered above as sources of pollution of Saginaw’s
water supply, the entire sewage of Bay City itself falls into the river
within from 5% to 7 miles of the intakes.

With such gross pollution within a few miles of the intakes, it is
not strange that Bay City has suffered severely from typhoid fever.
It is strange that the epidemics have not been even more severe.
The bad reputation of the water no doubt prevents its more ceneral
use for drinking, and a great deal of bottled spring water is used,”
which probably explains why the rates are not higher.

TYPHOID FEVER IN BAY CITY.

The excessive prevalence of typhoid fever in Bay City is shown by
chart No. 72. Comparison is made with Binghamton, a city with a
safe water supply. A filter plant was installed in Binghamton in
1902, The slight improvement in the typhoid rate in 1910 is prob-
ably due to the decrease in the number of people drinking the raw
eity water.

SEASONAL PREVALENCE.

There is considerable typhoid of the autumnal variety in Bay City,
and the aggregate by months for 11 years 1900-1910 shows a normal
rise in October, but also shows too many deaths from typhoid in
March, April, and June.

The prevalence of typhoid in winter and spring months is better
shown by individual years.

Chart No. 74 shows the deaths by months for three years, 1907
1909, multiplied by 10 to represent cases. The deaths in April
during this period equal those of September, and June has the next
highest number.
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One thousand nine hundred and four also illustrates the atypical
typhoid curve of Bay City. The majority of the deaths in this year
occurred in the three months, January, April, and May. In addition
to this winter and spring typhoid, there was a normal rise in the
number of deaths from typhoid in Oetober.

Bay CiTy, Mich. “TYpHOIDFEVER.

Deaths per 100,000 - Bay Gify compared with Binghamton A
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CHART 72.—The typheid record of Bay City., Mich., compares unfavorably with Binghamion, N. Y.—a
ity with safe water supply since 1903,

THE BELATION OF THE WATER SUPLY TO THE HIGIH TYPHOID RATES IN SAGINAW AND
BAY CITY.

It is said that the people of Saginaw and Bay City do not drink
the sewage-polluted public water supplies. In general this may be
true, but there is no doubt that poor and ignorant peaple do drink
such water and that it is used for many things besides lawn sprinkling,
as, for example, washing of milk cans, cooking utensils, vegetables, ete.

.E'-n_'_ =
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It is an extremely dangerous thing for a municipality to permit a
grossly polluted water to enterits mains, even if the people are advised
not to drink it. There are in every community scores of persons who
who are irresponsible from a sanitary standpoint and must be pro-
tected against themselves. The city water is always most convenient

Bay City, MicH, ———— TyPHOID FEVER.

Tolal dealhs for I/ years, 1900—/910, by months
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CHART 73.—The monthly distribution of typhoid deaths for 10 years shows that there are too many deaths
from typhoid in the first half of the year, and especially in March and April in Bay City, Mich.

and the careless, ignorant, or lazy are very likely to use it instead of
going some distance to pump water or buying bottled water, which
many of them can ill afford. Further, the furnishing of bad water
has another indirect bearing upon the publie health by encouraging
the use of wells and insanitary outdoor privies, Many of the shallow



240

wells are contaminated, and distrust of the public supply causes the
citizens to persist in using the water from dangerous, shallow wells..
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CHART 74,—Thecondition shown in Chart 73 is accentuated in Chart 74, March and April for the years 1907

to 190 equalled September and Oetober in typhoid mortality.

A sewage polluted, unfiltered water is not only dangerous in itself,
but its unsightly appearance causes a large part of the population to

g
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' depend entirely upon well water. While the deep wells may be con-
| sidered safe there are many shallow wells in use, especially in the
districts where the outdoor privy is common,

A large part of the citizens will not install a polluted water supply
in their homes, consequently this lack of water prevents the installa-
tion of flush closets and perpetuates the problem of insanitary privies,
In Bay City 30 per cent and in Saginaw 62 per cent of the houses have
no connection with the public water supply.

Bay CITY. MICH w——— TY¥PHOID FEVER.
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CHART 75.—The very irregular curve in Bay City for 1904 is shown, Again there are high rates in winter
and spring months.

The conclusion is unavoidable that if Saginaw and Bay City had
safe public water supplies the typhoid fever rate would make a very
different showing.  Not only would the number of cases and deaths
decrease, but excessive prevalence of the disease in winter mulﬁ spring
would no longer be the rule. With a safe public supply, a vigorous

37958°—12——16
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campaign against shallow and contaminated wells could be inaugu--
rated and much could be done to substitute the modern flush closet

for the insanitary outdoor privy.

EFFECT OF THE FOLLUTION CARRIED BY THE SAGINAW RIVER TUPON SAGINAW BAY

AND LAKE HUROXN.

Saginaw Bay is in reality an ernomous sedimentation basin for the
polluted water of the Saginaw River, but it is not able to purify itself,
at least near the shore, because of the continual addition of the sewage-
laden water from Saginaw and Bay City. In the deeper central por-
tion which constitutes the main channel it is probable that the zone
of polluted water does not extend halfway to the mouth of the
bay. 1In the shallow water on the south side of the bay, which is
stirred up almost constantly by winds, pollution may extend farther
out, but it is extremely doubtful if such pollution is noticeable beyond
Point aux Barques.

Beyond Saginaw Bay itself the sewage from Saginaw and Bay City
is not of great importance, because of the depth of Lake Huron, the
great volume of water available for dilution, and the distance to Port
Huron, the nearest large community which depends upon the lake
for a publie water supply.

From Saginaw Bay to Port Huron the Lake ITuron watershed is
very narrow and the streams are only a few miles in length.

The peninsula separating Saginaw Bay from Lake Huron is drained
by three streams somewhat longer, the Pigeon, Pinnepog, and the
Willow Rivers. This is a flat, swampy country and the population is
sparse; there are no large towns.

Upon the sandy beach from Harbor Beach to Port Huron there are
no towns of importance and the pollution contributed is small.

THE S8T. CLATR-DETROIT DRAINAGE AREA.

This drainage area is the most important in the State from the
standpoint of sewage pollution. In the comparatively small area
drained by rivers tributary to the River St. Clair, Lake St. Clair,
and Detroit River, there is a population of about 1,000,000, The
pollution from this large population reaches the navigable interstate
and international waterway within comparatively narrow limits,
The distance between Port Huron and the mouth of the Detroit
River is only about 70 miles.

The St. Clair-Detroit drainage area may be subdivided as follows:
River St. Clair, including Black River basin, Pine River basin, and

Belle River basin; Lake St. Clair, including Clinton River basin:

Detroit River, including River Rouge basin, Huron River basin, and

River Raisin basin.

m....r.x... S,
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THE ST. CLAIR RIVER.

The Black River basin.—The Black River drains the central poy
tion of Sanilac County and the northern portion of St. Clair County
emptying into the St. Clair River at Port Huron. Its watershe
has a considerable rural population, but no towns or cities of impoy
tance except Port Huron.

The village of Yale (population, 1,223) is situated upon Mill Creell
a tributary of the Black, about 20 miles above Port Huron. Th
village has a limited public water supply from flowing wells, man
shallow wells being also in use.

About 100 people have access to a sewer which discharges inti
Mill Creek, a tributary of the Black River. Other pollution of th
Black or its tributaries above the city of Port ITuron is a negligibl

quantity.
PORT HURON.

The city of Port Huron is situated on the Si. Clair River when
that stream leaves Lake Huron. It has a population of abou
19,000 permanent residents, but in the summer is visited by many
thousands of visitors. Within the corporate limits of Port Hurm
are included a half dozen ‘‘beaches,” which attract a large summe
colony. There are 300 or 400 cottages and several large hotels a
these bathing beaches.

Port Huron is connected by ferry with the city of Sarnia, Canada
on the opposite bank of the St. Clair River. The Star Line steamen
give daily service between Detroit and Port Huron. Its close con
nection by boat and railroad with the other lake cities, with Canadia
cities, and with American commercial centers is maintained by
means of at least 10 important railway and steamship lines.

SEEWERS.

Port Huron is a well-sewered city and it is estimated that only 1
per cent of the inhabitants depend upon privies. The sewers dis
charge into the Black and St. Clair Rivers as follows:

|
Ouilet. Size, I IMischarge, i| Omtlet, Bize. Discharge.
| |
— | ] i R— F—
Inches. t Taches.
Fourteenth Stroet. . 24 | Black River. Omniario Streat, 24 | B1. Clair River,
Suffern Street. . .... il by 68 o, Bard Streat......... 12 I,
Miller Streot, .. .....] 62by 50 | 1Mo, Butler Streot. .. .. .. n Do,
Lapier Avenue. . ... | Mo, t;ua}‘ Stoet........ 10 Thin, ;
Saventh Strect.. .. 12| Do Fourth Street. ... .. 15 Da. {
Castoms. .. veuuen .. 20 | Do, Boventh Stret. ... .. 24 Da, |
Huron Avenue._ ... . 12 | D, Military Btroat. ... 12 Do, y
{0, | PR e 30 | Do, Tenth Stoeat. ... . iy Do,
] bR T 15 Thay, Bouth Park......... 12 Do,
Tourth Btreet..... .. ol | T, : T TR 15 o,
Third Streat........ = | This.
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The entire sewage of Port Huron is discharged without treatmeni
of any kind into the Black and St. Clair Rivers.

It will be noted that none of the city sewers discharge above the
waterworks intake. The Ontario Street 24-inch sewer turns af
Lincoln Avenue and discharges into the St. Clair River just below the
waterworks intake,

WATERWORKS,

Port Huron’s water supply is drawn from the St. Clair River:
The intake is in 28 feet of water about 60 feet from the dock. The
water passes by gravity from the river through two 24-inch mains
to a pump well 18 feet wide and 50 feet long, situated at the water's
edge. From this pump well the water is pumped directly into the
mains. The pump well has walls of wood and is not water-ticht. It
is situated under a public dock and covered only by the rough plank-
ing of the dock floor. The city water is distributed to every partt
of the city and is used by everybody. Shallow wells are a negli-
gible quantity in Port Huron’s water supply.

TYFHOID FEVER.

Port Huron has suffered severely from typhoid fever, and the:
typhoid fever rate has been worse each year since 1908. The rate:
in 1910 was 73.5. Port Huron has no problem of slums, shallow-
wells, and insanitary outdoor privies. The entire population drink:
the unfiltered city water, and flush closets are the rule. In spite of’
these very good sanitary conditions Port Turon has an abnormally-
high rate of typhoid fever. Chart No. 76 shows the prevalence of”
typhoid fever in Port Huron. The average for the 11 years, 1900
to 1910, was 39, culminating in 1910 in the very high rate of 73.5.
The study of the seasonal prevalence of typhoid fever in Port
Huron shows that more deaths oceur in April than in any other
month. The chart No. 77 shows the typhoid deaths by months from
1900 to 1909, multiplied by 10 to represent cases of typhoid. The
preponderance of cases in February, March, and May over the number
in the regular typhoid season is striking. As this phenomenon has
been consistently present for 10 years, it suggests that some factor
operating constantly in the winter season is responsible for Port
Huron’s high typhoid rate. In this season no other factor than
water could be expected to operate consistently for years. Flies,
vegetables, and other summer conditions are at once eliminated,
Privies are not a factor in Port Huron, shallow wells are a rarity,
and the use of the public water supply is general. The possiblity
of milk causing an outbreak in the winter or spring months must be
admitted, but milk outbreaks would not oceur in March and April
each year for a period of many years.
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There is little doubt that Port Huron’s public water supply is
rﬂspopslh]n for the high rate of prevalence of typhoid fever, and
especially for the cases which occur from February to April.  In faet,

PorT Huron, MicH, TypHo1D FEVER,
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CHART T6.—Port Huren, Mich., showing the increase in typhoid fever in 1909 and 1810,

the analyses made by the State board of health have shown re-
peatedly evidence of fecal contamination of the Port Huron water

supply.
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POSSIBLE 8OURCES OF POLLUTION.

'The sewer outlet nearest the intake discharges into the St. Clair
River about 40 yards below the intake. There is a strong current in

PoRT HurRoN,MicH ——TYPHOIDFEVER,
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CHART 77.—FPort Huron, Mich., showing the excessive prevalence of typhoid fever in March and Apsil,

the main channel which is not effected by winds to any extent, and
which would carry pollution downstream at all times in the year,
but currents in the shallower water near the shore are changeable and
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deceptive. The sewer discharges near the shore, and the intake
\is only 60 feet from the dock. It is possible that sewage pollution
' might be carried back over the intake by a surface current near the
 shore, induced by strong winds or gales from the south. The outfall
' of this sewer is altogether too close for safety, in view of the fact that
the intake is only 60 feet offshore. While there are no public sewers
above the intake, there is a sewer discharging in front of the Grand
| Trunk property, a comparatively short distance above the intake.
' It has been claimed that no house sewage enters this sewer, but the
' health officer, Dr. Coté, informed the writer that house sewage did
enter it, and that he intended making an effort to have it closed.

In addition to these sources of pollution, there is the surface drain-
age from the unsewered district north of the intake. In this district
there are some insanitary outdoor privies and cesspools, and the
pollution washed directly into the river is considerable at times.
During rains or thaws the water runs rapidly to the river carrying
the surface pollution with it because of the nonporous quality of the
clay soil. The pollution from the cottages and hotels at the beaches
is considerable, but is less dangerous because of the porous character
of the sandy soil. The pump well is unprotected from pollution
either by seepage through its imperfect wooden walls or directly
through the plank floor of the dock which forms its cover.

ENTERITIS IN PORT HURON.

Enteritis or diarrhea in children under 2 years of age is far too
prevalent in Port Huron. Considering the size of the city, the social
and economic conditions, the absence of slums, the access to flush
closets, the general use of the public water supply, and absence of
shallow wells, there should not be a rate for enteritis of children above
50, provided the public water supply was free from contamination.
Compared with other cities of the same class, which have safe water
supplies, Port Huron shows in a very unfavorable light in the matter
of enteritis under 2 years of age.

TanLE 43.—Cities from 12,000 to 20,000 population, lower peninsula of Michigan,
deaths per 100,000 average Jor six years, 1905-1910.
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Alpena, Port Huron, and Traverse City have contaminated water
supplies.
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Manistee, Pontiac, and Ann Arbor have water supplies generally
considered to be safe. In the tables the cities with high enteritis
rates have also very high typhoid fever rates.

PoRT Huron,MicH —ENTERITIS uNDER 2 YEARSY TyPHOIDFEVER.
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Chart No. 78 shows the seasonal prevalence of enteritis in Port
Huron. This disease normally should have very little prevalence in
winter or spring. In cities with polluted water supplies not only is
the enteritis rate high for the year, but the rate is found to be excessive
in the winter and spring months. The rise in the enteritis rate for
January and April for the six years, 1905-1910, coincident with the
rise of typhoid suggests common factors in transmission.

For the protection of its citizens and the thousands who visit there,
Port Huron must install a safe water supply. It is not understood
why the intake was not extended to the main channel to avoid shore
pollution, and why a pump well of cement or other water-tight
material has not been made and provided with a proper cover. These
are obvious necessities which must have been apparent for years. To
extend the present intake 500 feet, to construct a new pump well and
mixing tanks, and to treat the water by the hypochlorite method,
will be cheaper than filtration, but at times there will be turbidity.
One thing is certain; it is the plain duty of the Port Huron author-
ities to provide safe water. The hypochlorite method could be applied
at once, while deciding whether filtration or further treatment is
necessary or desirable.

As to Port Huron's sewage, even if not necessary in the city’s
own interests, erude sewage should not be discharged into the Black
or St. Clair Rivers, because of its effect upon the public water supplies
of cities situated on the river below Port Huron.

The effect of Port Huron's sewage on the St. Clair River water will
be more fully discussed later in considering the city of St. Clair.

BT. CLATR.

St. Clair is situated upon the St. Clair River at the mouth of the
Pine River, and has a population of 2,633. The public water supply
is taken from the St. Clair River.

Typhoid fever was epidemic in March, 1908. Samples of water
from the river near the intake pipe, from the settling basin, and from
three faucets in different parts of the city showed fecal contamination
upon analysis at the State laboratory. St. Clair County has had an
average typhoid death rate for 18 years (1801-1908) of 30.9, and in
1908 the rural rate alone in St. Clair County was 51.2.  Only 10 miles
above St. Clair's waterworks intake the Port Huron sewage enters the
river. It is not strange that this polluted water supply would be
responsible for outbreaks of typhoid fever in St. Clair.

TYPHOID FEVER AND ‘‘ WINTER CHOLERA' IN ST. CLAIR.

In a report upon the water supply, Dr. J. W. Inches, at that time
healih officer of St. Clair, said:

The records of the city of St. Clair show that in the first 10 months of 1908 there
were 5 deaths from typhoid fever, which means, taking the population at 2,850, a
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death rate per 100,000 population of 210. There were also about 60 cases of typhoid.
The records of this city for the 10 years previous to this year are of no value whatever,
for the reason that a portion of the deaths that have oceurred from typhoid have been
recorded under other names, With a well-meant intention of protecting the name of
St. Clair as a summer resort, every effort has been made by some to minimize and even
conceal the prevalence of typheid fever.

But even the loss which St. Clair suffers from typhoid fever is secondary to that
which is caused almost continually, and especially during the winter months, from
the terrible scourges of intestinal troubles, or so-called “*winter cholera."

It does not need any statistics to recall to our people their condition last winter,
when nearly every person was afflicted, more or less, when hundreds were sick, and
actually thousands miserable. When scores of people were thrown into such a serious
condition that they were months recovering, and in some instances will never recover

good health.

Even with the inclination to keep typhoid fever out of the records,
the disease became so prevalent at times that a certain proportion of
the deaths were recorded as typhoid. The record for 10 years by
. months from data furnished by Dr. Inches i'mm the certificates of
death is as follows:
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Owing to the failure to report typhoid fever, the records previous
to 1908 are not of much value, and the above table does not show the
real prevalence; it merely shows the preponderance of April cases.
The official records of the State of Michigan show the following deaths
from typhoid in the year 1909:
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This prevalence of typhoid fever is conceded by all to be due to the
water supply. Cases in St. Clair oceur consistently in greatest num-
ber in the flood months, March, April, and May. Examinations of the
St. Clair public water supply have shown eolon baeilli in all 1 e. c.
samples, even when taken at a favorable time of year.
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EOURCES OF POLLUTION OF WATER SUPPLY,

The entire sewage of Port Huron is discharged into the St. Clair,
River; the bulk of it indireetly through the Black River. In the
summer months the current of the Black River is not sufficient to
carry sewage out into the current of the St. Clair. In fact, from June
to September the water in the Black River at Port Huron is almost
stagnant and sedimentation and septic action are very active proe-
esses. The danger from sewage pollution of the Black River is
minimized by the lack of current in summer. In the winter months,
and especially in the so-called flood months, the volume of water and
velocity of the current are enormously increased, and the sewage-
polluted water of the Black River is carried far out into the main cur-
rent of the St. Clair. At such times the swift current in the St. Clair
running from 4 to 7 miles per hour, quickly earries the pollution to the
waterworks intake of St. Clair and Marine City, situated a few miles
below.

The conditions of flood in the Black River simply make possible
the carrying of sewage-polluted water quickly to the main current.
This condition of flood eliminates to a large extent the time factor
in the destruction of pathogenic organisms, prevents sedimentation,
and retards dilution. The carrying of sewage-polluted material
quickly to the main channel can be effected also by the dumping of
dredged material. The accumulation of sewage, sludge, and muck
in the sluggish Black River becomes at times an obstacle to navigation
and dredging becomes necessary. The dredged material is dumped
in 30 feet of water, which means usually that it is dumped in mid-
channel. It has been claimed, and with good reason, that this dumping
has been responsible for typhoid-fever outbreaks in the cities of St.
Clair and Marine City and even in Detroit. An outbreak was said to
have been due to this cause in 1892,

The dumping of sewage sludge and other dredgings from a grossly
polluted stream into the main channel of a river used as a source of
public water supply is a very dangerous procedure and unquestion-
ably a very great menace to the public health. It must be remem-
bered that what is occasionally done by Government dredges at long
intervals is accomplished every year by the Black River in flood.
The dredgings of such a river should be dumped behind refaining
walls and in water where oppertunity for sedimentation exists. This
would not entirely protect St. Clair and Marine City, however, so long
as Port Huron’s sewage is discharged untreated into the Black or St.
Clair Rivers.

In view of the fact that to effect a proper disposal of Port Huron's
sewage will require years of effort the cities of St. Clair and Marine
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City should give their citizens and visitors immediate protection by
treating their public water supplies before distribution. The hypo-
chlorite method is effective and cheap. Tt ean be quickly installed
while the argument as to more complete treatment of the water and
disposal of Port Huron sewage is being carried on.

Port Huron’s sewage pollution of the Black River is about to be
made a more consistent menace. The unspeakably foul water of the
river gives off such a stench that the citizens demand relief. A canal
is nearly completed from Lake Huron to the nearest bend in the
Black River. The canal is 5,840 feet long and leaves the lake just
north of the city limits. This will have the effect of constantly
flushing the Black River. It will obviate the nuisance so far as odor
is concerned, but the increased stream flow will carry the polluted
water farther out toward the main current in the St. Clair in the
summer months. The lack of eurrent in the Black, in summer, has
been a protection to the water supplies of cities situated below.
This measure of protection will be removed by the flushing process
about to be inaugurated.

MARINE CITY.

Marine City is situated on the St. Clair River at the mouth of Belle
River, and has a population of 3,770. There are few wells, as the
public waterworks is patronized by nearly everyone. The public
supply is taken from the St. Clair River. Over 3,000 people have
aceess to sewers which discharge into the St. Clair and Belle Rivers.
The history of Marine City resembles that of St. Clair. The water-
works intake is only 18 miles below Port IHuron’s sewers and less than
8 miles below those of St. Clair. The water is furnished without
treatment or filtration of any kind, and typhoid fever has been
prevalent,

LAKE S8T. CLATR, ALGONAC.

Algonac has a population of 1,200 and derives its public water
supply from Lake St. Clair. There are also numerous shallow wells,
Three-fourths of the population depend upoen privies and but one-
fourth have access to sewers, which discharge into the St. Clair River
below the waterworks. The water is used unfiltered.

NEW BALTIMORE.

New Baltimore is a village of about 1,000 inhabitants, situated upon | |
Lake St. Clair. The public water supply is pumped from Lake St.

Clair to a standpipe. About 900 people use the public water supply,
which is delivered unfiltered. There are no sewers.

e eieilh TS w



o

el

]

CLINTON RIVER BASIN.

Clinton River drains a great part of Macomb County and about
one-third of Oakland, in which county it has its source. The largest
communities on the watershed are Pontiac and Mount Clemens,

ROMECQ.

Romeo has a population of 1,787, and about 500 of these have access
to sewers discharging into Clinton River. About 80 per cent use the
publi® water supply derived from wells 26 feet deep, situated in a
ravine about a mile south of the village; about 20 per cent of the popu-
lation use private shallow wells, which are subject to contamination.

ROCHESTER.

Four-fifths of the population of Rochester have access to sewers,
which discharge into Paint Creek and Clinton River. The total
population is about 1,500. The public water supply is from artesian
wells and is patronized by 95 per cent of the population.

PONTIAC.

The population of Pontiac is 14,532, The dangerous effect of its
sewage upon the Clinton watershed is minimized by distance and by
the low prevalence of typhoid fever in Pontiac. Pontiac's public
water supply is derived from wells 175 feet deep. Owing to the
character of the upper layers, the water may be considered a safe
supply. Typhoid fever has prevailed in Pontiac as follows:

Deaths per 100,000 population: Average, 16 years (1889-1905), 11.7; 1906, 35; 1907,

25.6; 1908, 8.3; 1909, 16.
MOUNT CLEMENS,

The population of Mount Clemens is 7,707. It is situated near
the mouth of the Clinton River. The public water supply is derived
from 22 wells of a depth of from 25 to 41 feet. While the depth
of the wells is not great, there are two layers each of blue clay and
“hardpan’’ above the water-bearing gravel stratum. It would have
been safer to locate these wells above the town,

The first waterworks were established in 1889, and Clinton River
water was used. The typhoid fever rates were very high, and a
badly constructed filter bed was put in, which was shown to have
made matters worse.

The deep wells at Mount Clemens go down several hundred feet.
They furnish brines which are responsible for the popularity of
Mount Clemens as a health resort. The water is used in sanita-
riums and bathhouses, and several thousand transients come to
Mount Clemens for the baths every year. The entire sewage of
Mount Clemens discharges into the Clinton River. Typhoid fever
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rates in Mount Clemens have been continuously high for years, as:
shown by the following statement :

Deaths per 100,000 population: Average for 16 years (1889-1905), 33.2; 1906, 40.7;,
1907, 40; 1908, 39.3.

The significance of excessive rates of typhoid fever in Mount:
Clemens from an interstate standpoint is apparent when the number:
of transients wisiting the ecity is considered. Further, there are:
several miles of sewers, serving 7,000 people, which discharge by 101
outlets into the Clinton River, only a few miles from the main chan--
nel of Lake St. Clair.

THE DETROIT RIVER.

The Detroit River is a stream of great volume and is naturally one:
of the finest streams of potable water in the world. United States:
engineers estimate the flow at Fort Wayne as 209,000 cubic feet per:
second. Opposite Detroit the river has an average depth of 37 feet.
and a width of 2,200 feet.

The western end of Lake Erie is really a delta of the Detroit and!
Maumee Rivers, and that portion north of the mouth of the Raisin:
may be considered as part of the Detroit River drainage area.

DETROIT.

In 1910 the city of Detroit had a population of 465,766. It is:
sitnated on the Detroit River, within a few miles of Lake St. Clair..
Practically the entire lake traffic passes through the Straits at Detroit..
Over 3,000 vessels, with a net tonnage of 24 millions, arrive at Detroit:
yearly. The enormous amount of freight handled at other lake ports;
is largely due to two commodities—coal and iron. Detroit’s freight.
is made up of miscellaneous shipments and its importance as a receiv--
ing and a distributing center for passengers in lake traffic can searcely
be overestimated. Thousands of tourists visit the city each year:
because of its situation and other atiractions,

SEWER SYSTEM.

Detroit’s sewer outfalls extend from the River Rouge to Park View
Avenue, along almost the entire water front of the city. The sewage:
is discharged from these outfalls without treatment into the Detroit
River. The nearest sewer to the waterworks is situated below the
intake,

WATER SUPPLY.

Detroit’s water supply is taken from the American channel of the
Detroit River at a point near the northeastern extremity of Belle Isle.
Formerly there were three intake pipes, one of these 1,000 feet
long and 5 feet in diameter, the other two 1,500 feet in length eacg
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and 6 feet in diameter, which carried the water from the river to a
settling basin with a eapacity of about 30,000,000 gallons. On
December 18, 1905, a new 10-foot tunnel intake was put in service.
Its length is over 3,000 feet, and it is in a much safer position than the
old intakes nearer shore. Unfortunately the old intakes are said to
be used oceasionally.

CHARACTER OF DETROIT'S WATER SUPPLY.

Bacterial counts are made at intervals by the city health depart-
ment, The following average counts by months from July, 1905, to
May, 1911, were furnished by Dr. E. H. Hayward, city analyst and
bacteriologist.

Tagre 44,
Months. 1905 1906 1907 1908 | 1900 1900 1911
L0 LT o Rt SR S e 310 | 1,809 1997 308 310 168
6] Ty T o e e it 0 S P 0 e 02 180 206 272 256 301
e S T R < - | (B B 164 il M | 3,200 316
U4 | B e e S e e e [ =0 327 T8 ] A8 320
ay jesmmmn e 20 stz 168 =8 284 218
R T, e | i el i} T 168 118 b
I R e e o SR T o B 490 128 20 154 ne 148
August an2 130 b1 1] g b 1] by | PSSR
tem ber 180 154 0T 174 Wi S e e
Otober. ... 208 118 196 132 104 {1 IR
BRI - . o s o - e N 164 198 51 126 102 o1 [ PR
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These counts are not high for an unfiltered surface water, but
occasionally, as in January, 1907, and March, 1910, high counts are
registered. The only procedure used to determine the dangerous
quality of baecteria in the water is animal inoculation. The method
in brief consists of enriching a sample of the water with bouillon and

incubating for 24 hours. A guinea pig is then inoculated intraper-

itoneally with a small quantity of this culture. Tf the water contains
pathogenie germs the pig is expected to suceumb to them in two to

five days, when they may be plated out from the blood in pure

culture and identified by morphologic and eultural tests. On this

method alone, the department reports: “At no time this year have
colon bacilli or other evidence of sewage contamination been

observed.”
Such a method can not be considered satisfactory for determining
the presence of colon, and in fact colon estimations made in the

PN L N

regular way have demonstrated the presence of colon in the Detroit

water supply.

A special commissioner sent by the Journal of the American Medical
Association on September 21 and 22, 1910, examined specimens of
the Detroit water supply from a tap in the business district. On
September 21 colon was present in 1 ¢. ¢. in 1 sample out of 3. On
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September 22, 3 samples of 1 ¢. c. each failed to show colon. Onec. c.

sample from the setiling basin showed colon in 1 sample out of 4.

| The Journal commissioner comments on the findings as follows:
These bacterial examinations do not afford any marked evidence of contamination

it the time the samples were collected. On the other hand, their generally negative

f.-.hamcter does not necessarily imply that the water i= at all times and under all condi-

fions safe. A dangerous infection of such a water supply as that of Detroit might exist

| s . .

iora. day, or even a few hours, and remain undetected, unless examination of the water

was searching and frequent. It is noted above that in one sample of tap water colon
pacilli were demonstrably present.

BOURCER OF POLLUTION OF DETROIT'S WATER SUPPLY.

The watershed draining into the St. Clair River, Lake St. Clair, and
she Detroit River above the intakes has an area of 5,800 miles and
wccording to Williams had in 1897 a population of 300,000. The
ropulation is considerably greater at present, and, owing to the non-
porous nature of the soil, the run-off, loaded with surface pollution,
inds its way quickly over the surface of the ground to the streams.
Williams estimated that 1} inches of rainfall would furnish from this
watershed as much water as ordinarily flows past Detroit in 20 hours.
'he nonporous nature of the soil is greater in the periods of thaw
ollowing frost and snow. Besides this pollution from surface
wvashings of the watershed there is a very direct contribution of
jewage from the city of Port Huron.

As noted above, the entire sewage of Port Huron is discharged
mtreated into the Black and St. Clair Rivers. The time of transit
ecessary for polluted material to reach Detroit’s intake from Port
Huron's sewers has been carefully estimated to be from 6 to 12 days.
Dbviously this is too short a time to insure the death of bacteria.
What agencies act to minimize this danger? Two agencies are chiefly
soncerned—dilution and sedimentation. The amount of water
wailable for dilution is enormous. However, it must be clearly borne
n mind that mere dilution does not disinfect water or kill pathogenie
srganisms. 1t merely lessens the chances of contracting the disease
ind undoubtedly reduces the number of vietims in proportion to the
ymount of dilution.

Detroit has a very fine natural sedimentation basin in Lake St.
Olair. This undoubtedly exercises a very great beneficial effect upon
he water of the St. Clair River. However, sedimentation does not

t fully on all the water entering Lake St. Clair, and some of it is
arried directly in the main channel where the current retards sedi-

entation and may carry the polluted material to Detroit’s intake.
ere are, however, nearer sources of pollution. None of Detroit’s
wers discharge above the waterworks, but Connors Creek receives
1e sewage of Fairview (a suburb annexed to Detroit in 1907) and
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the drainage of a considerable area. (onnors Creek empties into the.
Detroit River above the waterworks intake.

In order to reach the present inlet the polluted water from Connors.
Creek would have to cross a stream of water of great volume and
considerable velocity. When the volume of water from Connors
Creek is small the trend of this polluted current would be alongshore
and not toward the intake. This would pollute intakes nearer shore,
which, according to the Journal's commissioner, are occasionally used.
A freshet in Connors Creek would project its polluted water very
much farther out in the Detroit River, and pollution of the intake,
which is only 2,500 feet distant and 1,000 feet downstream, might
oceur.

Plans are completed for a sewer in Parkview and Jefferson Avenue,
which will intercept the sewage now going into Connors Creek, and
carry it to the river below the waterworks. When this sewer is com-
plete the pollution of Connors Creek will no longer be a menace to the
waterworks intake.

There is another possible source of pollution, viz, from passing
vessels. In general, on the Great Lakes, such pollution is considered
small, but when one considers the concentration of traffic at Windmill
Point, a few miles above the intake, and the fact that practically all
lake vessels pass this point, danger from this source must be conceded.

TYPHOID FEVER IN DETROIT.

The records of typhoid fever cases in Detroit are very unsatis-
factory. Like a great many other large cities the number of cases
reported is obviously too small compared with the deaths. The only
reliable basis for estimating the prevalence of typhoid fever is the
record of typhoid deaths. These multiplied by 10 or 12 give a fair
estimate of the number of cases.

Chart No. 79 gives the typhoid fever deaths per 100,000 population
by years from 1890 to 1910. The four last quinquennial periods give
the following average rates:
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The very high rate in the five-year period, 1891-1895, is due
especially to the excessive prevalence of typhoid fever in 1891, 1892,
and 1893. In these three years the rate was always above 30, and in
1892, 209 typhoid fever deaths occurred in the city of Detroit, a rate
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in excess of 93 per 100,000. In the period from 1896 to 1900, the
rate was much lower (19.9 per 100,000), and the same may be said
for the next quinquennial period, 1901-1905. During the last five-
year period, 1906-1910, a marked change is noticeable and the average
for the period is 22.68. This upward tendency of typhoid fever in
Detroit is in striking contrast to the reductions in typhoid rates in
Philadelphia, Pittsburgh, Cincinnati, Columbus, and other cities
coincident with the furnishing of filtered water to the citizens of those

DeTROIT. MicH, =— TyPHo1D FEVER.
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CHART T0.—Detroit, Mich., showing the death rate for typhoid fever by years since 1590,

cities. It is difficult to understand why typhoid fever rates should be
higher instead of lower in Detroit when the good work of the Detroit
Health Department is taken into consideration.

Detroit’'s Board of Health has waged a vigorous eampaign against
the insanitary privy. Much good work has been done in the sanitary
control of milk. The efforts of the board have resulted in improve-
ment in housing of the poor. The campaign against the fly has been
chiefly directed against its breeding places, and a great deal has
been accomplished in abating nuisances from stable manure and
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DETROIT, MicH — TYPHOID FEVER neglected garbage. In

Dealhs by months, (§92__ ] spite of the fact that sani- |
& San | Fea | Maz | Aee | Mav Juwelfinr | Ave |See |Bcr [Nox | Dre. | tary conditions have bﬁ&ﬂ'f
improved and that the
= board has made progress |
L . inevery lineof prophylaxis
£ against typhoid fever ex-
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o water supply, the typhoid
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2g ﬂ _‘A SEABONAL PREVALENCE.
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the impression of a water-
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disaster on a large scale. If we except 1892, there has been no severe
epidemic to swell the figures for the months from January to June,
but, considering the sanitary condition of Detroit, there have been
consistently too many deaths of typhoid fever in the first half of the
year, and especially in March and May. If we take individual years
this fact is still more striking.

Seasonal prevalence in the year 1892 is shown by Chart No. 80.
In that vear there was a rather high rate in March with a drop in
April and May to about the usual rate for those months in other
years. However, in June an epidemic oceurred which was responsible
for 38 deaths in 25 days in June and which increased the total typhoid
fever deaths for the year to 209. This epidemic was very carefully
studied by Prof. Gardner S. Williams, and the following is taken from
his report:

In Detroit practically all the inhabitants are supplied with city water, less than
1 per cent being to-day without it.

As T have already said, it is evident that if an outbreak of typhoid fever were pro-
duced by imperiect drainage, which, I may say, was never the case, or milk, or raw
food, the cases would be confined to a particular locglity, as the district where poor
drainage existed, the dwellings of the patrons of a particular huckster, or the route
of a particular milkman, while only if the outbreak were produced by a public water
supply would the cases be distributed. Moreover, we remember that in case of a
milk epidemic the morbidity and mortality is very great among infants, while under
other circumstances the greatest efiects of the disease appear between the ages of
15 and 30 years.

A study of the location of the deaths in this city shows them to be, in almost every
outhreak, so widely distributed as to remove entirely the possibility in most cases of
milk or anything but water being the agency of the infection, and the ages of the
decedents lead to the same conclusion.

The water supply of Detroit is drawn from the American Channel of the Detroit
River, at a point about one-half of the distance across from the north bank and nearly
on the line of the eastern city limits. The watershed draining into St. Clair River
and Lake St. Clair and that part of Detroit River above the intakes has an area of
over 5,800 square miles and a population of over 300,000. The population per square
mile for that part in the United States is 59.3 and for Canada 48.3.

This includes cities ranging in population from 30,000 down. One and a half
inches of rainfall on this area will furnish as much water as flows past Detroit in 20
hours,

The goil is of such a nature that water falling upon it is in general very slowly
ahsorbed, so that heavy rains invariably tend to wash the accumulations of previous
periods into the streams and go may cause dangerous contamination, if a communicable
disease has recently been prevalent on any part of the watershed. This is especially
the case in the times of breaking up after periods of frost and snow.

Remembering that the period of incubation of the disease is from 6 to 30 days,
the average being about 12 days, and that in the event of death it occurs from 21 to
80 days from the beginning of the fever, the first deaths from a given typhoid infec-
tion may be expected to occur 4 weeks from the date of taking it, and the last would
probably occur about 7 or possibly 8 weeks after it, the average occurrence of the
deaths being about 5 weeks after the infection was taken. Therefore, in studying
an outbreak of typhoid, the infection wouid be looked for about 5 or 6 weeks hefore
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the deaths began to occur in noticeable numbers. To study the question of the

amount and the causes of typhoid fever in Detroit, the date of each death occurring
in the city from that disease since 1888 was obtained from the records of the local :
board of health. These were found to be arranged by months, as shown in the fol- :
lowing table:

TasLE 45.— Typhoid fever deaths in Detroit.
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! 4§ reported typho-malarial fever,
Note.—This table included deaths reported from typho-malarial fever.

The most striking feature of this table is the record of 1892, but studying it care-
fully we see a sudden rise in mortality in September, 1891, and that it continues |

above the average until the close of the following year. We might anticipate finding

a cause for this excess that began to operate about the Ist of August, 1891, and that
continued through 1892 and possibly was operating intermittently in 1893, when the
mortality is high in every month except possibly June.

To discover if possible this cause, these deaths were platted under their respective

dates upon a chart which was alse shown the rainfall and snow on the ground at time

of thaws, and the dates of freezing and thawing weather. From this chart it was
readily seen that a heavy rainfall was uniformly followed in about 50 days by a group
of typhoid deaths, and that the January and spring thaws were similarly connected
with typhoid, but meteorological conditions failed to aceount for the remarkable
typhoid record of June, 1892, and the months following.

A table was next compiled of the reported cases and deaths from typhoid fever on
both the Canadian and American watersheds, but beyond showing a small excess
in 1892 for most of the towns along the river and a remarkable amount in Port Huron
in the fall, it failed to afford much of a clue to the cause that was sought.

A further study of the localities of the deaths in 1891, 1892, and 1893 was then
made, which showed conclusively by the location of those in June, 1892, near the
large water mains of the city that there was a close connection between them and the
water supply. Of the first 12 deaths in that month, 9 were females and may there-
fore be presumed to have taken the infection at their homes, and all but 1 lived within
1,000 feet of a large water main, and all were supplied with city water. The youngest
was 8 years old and the oldest was 34. Only two others were under 22 yvears, one being
14 and one 18 years old. No two of these cases were in the same locality, or appear to
have had any connection with each other.

These facts all seemed to point to but one conclusion: The water was at fault, but
how did the water become so remarkably contaminated at the particular period?
There had been a series of very heavy rains in April and May, but similarly sheavy
rains in other years, while evidently producing some typhoid, had been accompanied
by nothing to compare with the record of June, 1892, when there were 38 deaths in
25 days, as many as 5 occurring in a single 24 hours,
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At last attention was turned again toward Port Huron, which then was the only
city on the American watershed having a system of sewerage, and hence the most
likely one to contaminate the water, if it were not for ita distance. From the hest
available data a computation was made to determine the time required for water to
flow from Port Huron to Detroit and it was found that not more than 12 nor less than
6 days would be probably required. As the life of the typhoid germ in water has
been found to be 20 days, and as the distribution system of our waterworks only holds
about one-third of a day’s supply, it at once became apparent that the disease might
travel from Port Huron to Detroit through the water and be distributed with it to
the consumers.,

The sewers of Port Huron all empty into Black River, a sluggish stream which
flows through the center of the city, dividing it nearly in halves. The discharge from
thiz stream into St. Clair River caused the formation of a shoal at itz mouth, which,
hecoming a menace to nagivation, was partially removed by dredging in 1880 by the
United States Government. In 1891 the work was continued and during the same
year a contract was let for dredging a channel up Black River. The latter work began
in 1801, but only extended a few hundred feet upstream. In 1892 work commenced
again on April 16, at a point just below the outfall of the two largest sewers. For
the next 30 days the dredges were working up and down the river in the accumulated
sewage deposits, which in some places are reported to have been nearly 10 feet deep.
The material excavated was loaded upon scows and dumped in St. Clair River, about
a mile below the eity. When this information was obtained the cause of the typhoid
in Detroit was easily explained. Allowing 10 days for the travel of the water, 12
days for the incubation of the disease, and 26 days to produce death, makes a total of
48 days. From April 16, when the first scow load of sewage deposit was dumped in
St. Clair River, until June 5, when 4 deaths were recorded from typhoid fever in
Detroit, there having been but 1 in 24 days preceding, is just 50 days.

By the 9th of July the first force of the outbreak was spent. From that time on
secondary infeetion and the normal seasonal increase obscures relations with other
conditions. The dredging in the heavily contaminated portion of the river was
finished by May 16, and after that the work had less effect, although it continued to
pollute our water supply until it was finally completed on Decenber 7.

Looking back now at the records of 1889 and 1891, we find the excess of deaths in
those vears to be coincident with the work on the bar at the mouth of Black River
and in that stream, And similarly since the years of little dredging in the waters
above us have been years of low typhoid in Detroit.

During the year 1893 there was an abnormal prevalence in March,
April, and May.

More than 25 per cent of the total typhoid deaths for the year
occurred in these three months. The Chart No. 82 shows the sea-
sonal prevalence in 1894. This year shows an unusually high rate
in March and April, and 43 per cent of the total typhoid deaths
occurred in the first half of the year.

In the year 1900 there was an excessive prevalence of typhoid
fever. The rate for the year increased to 28.4. In spite of an unusu-
ally high rate in September the total typhoid fever deaths from
January to June constituted nearly 45 per cent of the total typhoid
deaths for the year.

The year 1904 is another example of excessive prevalence in the
spring months. Chart No. 83 shows the rise culminating in May,
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Deaths by months, 1895,
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CHART S1.—Detroit, Mich., seasonal prevalence of typhoid fever in 1892, Note
the excessive prevalence in March and April,

e



267

which almost equals the high point for the year in August and which
is considerably higher than September or October. This August rise
can not be considered normal, as August is manifestly too early a
month to have the greatest number of typhoid deaths. This doubtful
honor usually belongs to September or October.

DETROIT, MicH.,—— TYPHOID FEVER
Wealhs by months, /€94
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CuART 82.—Detroit, Mich,, showing excessive prevalence in March and April, 1504,

In 1907 the autumnal prevalence was marked, but the sharp rise
in May is very noticeable. There was also a high rate in January,
February, and March, and the first half of the year contributed more
than 41 per cent of the total typhoid deaths.

The nonporous character of a great part of this very populous
watershed, the gross pollution of the St. Clair River by the sewage
of Port Huron, the possible pollution from near sources, especially
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Connors Creek, and the passing of thousands of vessels within a short
distance of the intake all indicate the possibility of pollution. Such
possibility makes necessary the protection of Detroit’s citizens and
of the thousands of visitors who come to the city by proper treatment
of the public water supply of Detroit. It is conceded that the dis-
tance of the sources of pollution, the effect of sedimentation in Lake
St. Clair, the enormous amount of water available for dilution, and
laws of chance which are against the frequent or gross pollution of
the intake by vessels, all operate to protect Detroit from massive

DETROIT, MIcH,— TyPHOID FEVER
Leaths by months, 1904
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CHART 83.—Dotroft, Mich., showing the peculiar, ill'l&-!:.!i"ﬂhu' distribution of typhold deaths during the year

explosive outbreaks, which can easily be traced to water. But are
these agencies or conditions sufficient protection for all years and for
365 days in each year?

Epidemics in Detroit have been water-borne in the past, and
at least one has been so clearly traced that the most eminent
sanitarians in the country have accepted the findings. In spite of
the efficient work of the health department in milk inspection, housing,
elimination of insanitary privies, in work against the breeding places
of the fly, and in other measures of undoubted value in the prophylaxis
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of typhoid fever, the rate has not decreased; on the contrary, the
tendency of the last five-yvear period is upward, indicating some factor
over which the health department has no control and against which
the department work has no effect.

There is only one factor in the transmission of typhoid which is
entirely beyond the control of the department, and that factor is the
public water supply.

DeTROIT,MICH,— TYPHOID FEVER
Leaths by months, 1907
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CHART 84.—Detroit, Mich., showing a very irregular distribotion of typhoid deaths during 1907,

In assuming that a public water supply is entirely guiltless in the
transmission of typhoid fever, we must first be sure that such supply
is safe from pollution or treated in such a way that possible pollution
is rendered innocuous. In Detroit’s case the possibility of peollution
is always present, and no measures are taken to render the water
safe. It might be argued that the case against the present water
supply is not proven, except by circumstantial evidence and infer-
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ence, and such is the fact. However, it must be borne in mind that
with the enormous dilution, distance, and other factors a massive
outbreak easily traceable to water is unlikely to occur. In spite of
these factors, however, many cases could be caused by the dilute
infection of the water, whose origin would be difficult to trace defi-
nitely to the water. Even conceding that a massive explosive out-
break, such as the Erie outbreak of January-February, 1911, could
not occur at Detroit, is it justifiable to rest satisfied with conditions
which are capable of causing many cases of typhoid fever in view of
the fact that the water supply may easily be rendered safe?

WYANDOTTE.

Wyandotte is a city of 8,287 inhabitants, situated on the Detroit
River about 8 miles below the city of Detroit. The public water
supply is from the Detroit River, furnished unfiltered and untreated
to the consumers. Practically everyone is dependent upon the publie
supply. About 25 miles of sewers are in operation, discharging by
four outlets into the Detroit River. There is no treatment of the
sewage. Less than one-third of the population depend upon privies,

The level of Wyandotte is little above that of the river, the drainage
is very poor, and before the installation of the sewer system the soil
pollution was intense. The sewer system is now nearly completed
and conditions in this respect may be expected to improve. About
all that can be said in favor of the waterworks svstem is that the
supply from the Deiroit River is ample. The river is grossly pol-
luted by the discharge of Detroit’s sewers from 6 to 10 miles above
the intake. Although the water available for dilution is enormous,
the time factor is insuflicient, and little opportunity for dilution or
sedimentation occurs. Infective material can travel from Detroit’s
sewers direct to the Wyandotte intake in four hours, a period mani-
festly too short to avail anything in natural purification. The dis-
charge of the polluted water of the Ecorse River and River Rouge,
1 and 6 miles, respectively, above Wyandotte, seriously endangers
Wyandotte’s water supply, but the danger from this source is over-
shadowed by the enormous amount of pollution poured into the river
along Detroit’s water front.

As might be expected, Wyandotte has suffered terribly from typhoid
fever. The records of the State board of health show the following
rates:

Death per 100,000 typhoid fever: Average (1889-1905), 85.8; 19068, 72.1; 1907, 107.0;
1908, 123.5; 1909, 87.5; 1910, 75.0.

Chart No. 85 shows the seasonal prevalence of typhoid fever in
Wyandotte, compared with Cadillae, Mich. The total typhoid deaths
for 10 years are shown by months. These cities are of the same size
and Cadillac has had a high typhoid rate. Cadillac’s water supply,
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although from a near-by lake and wells, has not been grossly con-
taminated and is probably safe. Cadillac’s typhoid curve is low in
winter and spring and high from August to November.

Wyandotte has a polluted water supply for the entire year, and
its typhoid eurve is high from February to September, still higher in
October and November, and reaching its highest point in December.
Its high typhoid prevalence from February to September is still
higher in October, November, and December, i. e., about one month

WyANDOTTE~> CADILLACMICH. COMPARED.——— TVPHOID FEVER
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Cpant 85 —Comparing Wyandotte and Cadillae. There [s nothing unusual in Cadillae’s typhoid eurve,
Wrandotte's March curve shows a peculiar seasonal prevalence. The progressive rise from September
to December is unusual,

later than the months of greatest prevalence in Detroit (September,
October, and November). This seems a logical sequence in view of
the fact that Wyandotte’s citizens drink diluted Detroit sewage.

A study of enteritis under 2 years of age in Wyandotte is also
interesting. In the 10 years 1901-1910 there were 67 deaths from
enteritis in this little city, or about 8 more than the combined deaths
from this cause in Benton Harbor and Holland. Holland has 10,490
population, Benton Harbor 9,185, and Wyandotte 8,287,
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Chart No. 86 shows the total enteritis deaths for 10 years (1901~
1910) by months, comparing Holland and Benton Harbor combined
with Wyandotte. Holland and Benton Harbor have public water
supplies from wells which are considered safe. The contrast on the
chart is striking. Note the sharp rise of the Wyandotte curve in
March and April is notable, as is also the very pronounced rise in
October.  The curve for Benton Harbor and Holland is like a normal
enteritis curve for a small city with a good water supply; low until
June, a very sharp rise from July to August, and a fall to a low point
in November and December.

RIVER ROUGE BASIN.

The River Rouge drains the northern half of Wayne County and a
small area in the southern part of Oakland County. It drains a
populous watershed, although no large cities or towns are situated on
the Rouge. The principal villages are Birmingham, Northville,
Plymouth, Wayne, Dearborn, and River Rouge.

River Rouge village is the most important of the villages upon the
River Rouge watershéd. It is situated at the mouth of the river.
1t has a population of 4,163, and has one sewer outlet into the Rouge
River near its mouth. The village is supplied with water from the
waterworks system of the city of Detroit.

HURON RIVER DRAINAGE BASIN.

Huron River rises in small lakes near Pontiac, flows southwestward

into Washtenaw County, then turns southeastward and empties into

Lake Erie after a course of about 80 miles. It drains a populous area
rith a considerable rural population and several large towns.

ANN ARBOR.

The city of Ann Arbor is situated 35 miles west of Detroit upon the
Turon River. It isthe seat of the University of Michigan, and has a
opulation of about 20,000, including 5,000 students. Ann Arbor’s
ublic water supply is derived from flowing wells and ozonized river
ater. At times the flowing well supply was insufficient and the use
f the river water was resorted to. The river water used is treated
y the ozone process.

Ann Arbor has had a low rate for typhoid fever; the average for
0 years ended 1909 was only 15.4 deaths per 100,000 population.
bout 75 per cent of the population is tributary to the sewer system.
here are about 30 miles of sewers. The sewage is discharged into
he Huron River without treatment.

YPSILANTL.

The only other community of importance sewering into the Huron

jiver is the city of Ypsilanti, with a population of 6,230. Ypsilanti

has a public water supply from flowing wells. The welis are about
37958°—12——18
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60 to R0 feet deep and pass through clay, but are unwisely located,
as the natural drainage of the ecity is past the wells toward the Huron.
River. The supply seems to have escaped contamination, and|
typhoid death rates have been low in Ypsilanti:

Death rate per 100,000, typhoid fever: Average 16 years (1880-1905), 10.3; 190&,?
13.0; 1907, 0; 1908, 0; 1909, 16; 1910, 16. |

THE RAISIN RIVER BASIN. !

The Raisin River basin includes a small portion of the south--
eastern part of Jackson County, nearly the entire county of Lenawee,w_:,
the southern one-third of Washtenaw County, and the northern one--
half of Monroe County. The most important municipalities in this:
area are Manchester, Clinton, Dundee, Tecumseh, Adrian, andl
Monroe.

Most of the villages on the Raisin are unsewered and contribute:
very little direct pollution to the river.

Clinton village has three private sewers with three outlets intos
River Raisin. The population tributary to these sewers is less than.
100.

Tecumseh has a population of 2,332, It has 110 sewer connections;
with one main sewer outlet into the River Raisin.

ADRIAN.

The population of Adrian in 1910 was 10,763. Adrian’s publie:
water supply is taken from Wolf Creek, a surface supply subject tos
contamination, delivered, unfiltered and untreated, to consumers.

About 50 per cent of the residents depend upon wells. Adrian hass
had a high typhoid fever rate for many years, as shown below:

Deaths per 100,000, typhoid fever: Average 1889-1905 (16 years), 31.1; 1906, 4475
1907, 34.9; 1908, 17.1; 1909, 34.2; 1910, 17.1. ’.

Adrian has about 25 miles of sewers, to which over 5,000 personsy
have access. These sewers discharge by 12 outlets into the River:
Raisin. There is no sewage treatment of any kind. |

MONROE. i

Monroe has a population of 6,803; 90 per cent of the pnpldatinn;!,
have access to sewers which discharge into the Raisin River. There:
is one sewer which discharges into an open ditch and another dis-
charges into a bayou. These latter cause considerable local nuisancd§
and complaint. The condition of the river at low water in the:
vicinity of the sewer outfalls is said to be foul. i

Monroe's water supply is taken from Lake Erie at a point which is
supposed to be too far north for contamination from the River
Raisin. It is also supposed to be west of the polluted current of th
Detroit River. The danger of depending upon lake currents is w
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known. It is too much to expect that the polluted water of the
Detroit River, carrying the sewage of Detroit and other cities, always
maintains the same channel in the lake. The course in the lake of
the polluted current will depend upon weather conditions and, given
certain winds, polluted water from th Detroit River might easily
reach the Monroe intake. The same is true of polluted water from
the Huron River and the Raisin River itself in time of flood. The
course of polluted water from these rivers depends entirely upon the
lake currents, which are quite as likely to be from one direction as
another.

As a matter of fact examinations of the Monroe public water supply
made in 1909 by the State board of health showed gross contamina-~
tion in 100 per cent of the samples examined.

Typhoid fever rates in Monroe have been low in spite of the water
supply. The low typhoid rate for Monroe is diffieult of explanation.
The two most potent factors in minimizing the danger from the sewage
polluted water of the Detroit River are the sedimentation afforded
by the great shallow delta in the western end of Lake Erie and the
great body of water available for dilution.

The low rate of prevalence as shown by typhoid fever deaths in
Monroe may be due to the factors indicated acting upon the grossly
polluted water of the Detroit River. The few typhoid deaths have a
remarkably even distribution throughout the year.

Total typhoid deaths, 10 years, 1901-1910: January, 1; February, 1; March, 1; April,
1; May, 0; June, 0; July, 0; August, 1; September, 1; October, 1; November, 1
December, 0.

This even distribution suggests some factor like water, but it is
impossible to draw conclusions from such small numbers.

CONCLUSIONS.

(1) There is need of a thorough investigation of the conditions in
Alpena which are responsible for the high typhoid fever rate and the
appalling infant mortality. From a study of the data it is almost
certain that polluted drinking water is largely responsible for the high
typhoid rate. The seasonal prevalence of the enteritis of children
also points to water as a factor. The milk supply should be very
carefully investigated. The defective water mains should be replaced.
The insanitary privies and shallow wells should be eliminated in dis-
tricts supplied with water and sewer mains. In districts not so sup-
plied the sanitary privy should replace the type now so common.
The public water supply should be extended and treated with hypo-
chlorite or a filter plant installed. These measures should effect a
material reduction in the typhoid fever rate, especially in the winter
and spring months. Enteritis of children, regardless of its real iden-
tity, whether it be bacillary dysentery, typhoid, or other disease,
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should be reduced to a reasonable rate by the same measures. It
will probably be necessary to improve the milk ordinances and
enforce them more rigorously

(2) The excessive prevalence of typhoid fever in Flint is probably
due to insanitary conditions produced or accentuated by its very
rapid growth. Tt has a polluted public water supply which is sup-
posed to be used only for lawn sprinkling, in case of fire, and for fac-
tory uses. The significance of typhoid fever in Flint so far as this
investigation is concerned lies in the fact that the city’s sewage goes
untreated into a branch of the Saginaw River. The State board of
health doubtless will investigate the milk supply, water supply, and
the insanitary conditions in Flint in view of the rate of 105 deaths
per 100,000 population in 1910. Whatever may be the underlying
causes of the high typhoid fever rate, they seem also to affect the
enteritis rate of children. The natural inference is that correction
of these defects will reduce the rate for both typhoid fever and
enteritis under 2 years of age. Flint is an example of a city which
furnishes a polluted public water supply, trusting the people not to
drink it. This is a dangerous policy and has resulted disastrously
in other places. ..

(3) The public water supply of Saginaw is grossly polluted and this
fact is common knowledge. The eity government has provided many
deep wells, hoping that the people will not drink the polluted city
water which is intended for fire, lawn sprinkling and manufacturing
purposes.

The typhoid history of Saginaw suggests that the deep wells pre-
vented many cases of typhoid fever, but that in spite of the sup-
posedly common knowledge of the dangerous character of the public
water supply this easily accessible but grossly polluted water was
used to some extent for domestic purposes and was responsible for
many cases of typhoid fever, especially in winter and spring months,
The first sanitary necessity in Saginaw is a filtration plant for the |
public water supply. This supply should be extended to all parts of |
the eity to make possible the elimination of the insanitary yard privy
and the shallow well. Where sewer connections are not feasible a
sanitary privy should be substituted for the insanitary one and its
sanitary condition maintained by frequent inspection.

The sewage of Saginaw should be intercepted and carried to a
disposal station at some point near the northern limits of the eity.
The purification should be carried far enough to secure a good raw
water at the Saginaw intakes when reverse currents in the Saginaw
River are running. The purification should be carried also to such
a point that the raw water at the Bay City intakes would not be
affected materially by the Saginaw sewage. The effect of Saginaw’s
sewage on the raw water of Saginaw Bay in the vicinity of the Bay
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City intakes may be gauged with fair aceuracy by the quantitative
colon estimations and bacterial counts made daily for considerable
periods.

Bay City is in a similar position to Saginaw in regard to water
supply. The water should be filtered to render it safe, but the raw
water should be improved in order to avoid too great a strain on the
filters.

To improve the raw water of Saginaw Bay the untreated sewage
of Saginaw and Bay City must be kept out of the Saginaw River.
The Bay City sewage should be collected by interceptors and brought
to a disposal station. The degree of purification or ehlorination
of the effluent necessary would have to be decided by the condition
of the raw water examined daily at the intakes. In Saginaw and
Bay City the public water supplies should be rendered safe at onee.
For this purpose, because of the turbidity, the hypochlorite method
would not be satisfactory except perhaps as a temporary expedient.
Filtration by the so-called ‘‘rapid sand” type would probably give
the best results. The question of sewage disposal in these cities is
important, but is secondary to the improvement of the water supply.

The public should be protected by making the water safe at once,
while the sewage disposal question could be given full consideration
later. After the installation of a safe publie water supply the cam-
paign against insanitary privies and shallow wells should be pushed
vigorously in both Bay City and Saginaw.

(4) The typhoid history of Port Huron indicates that the public
water supply is responsible for many cases of the disease, especially
following heavy rains, thaws, and floods. The intake is only a few
feet offshore and receives shore pollution whenever rains or thaws
bring the surface washings to the river. Extension of the intake
pipe to a point at least 500 feet from shore would avoid most of the
shore pollution. The pump well should be made water-tight and
properly covered. The water supply should be filtered or treated
with the hypochlorite method in order to be safe 365 days in the year.
The sewage of Port Huron as discharged into the Black and St.
(lair Rivers, outside of the fact that it makes an intolerable nuisance
in summer in the Black River, is a menace to the water supplies
of cities situated on the St. Clair River below Port Huron. The
sewage of Port Huron should be collected at a central disposal station
and purified to the extent that its discharge into the St. Clair would
not be detrimental to the water supplies of other communities.

(5) St. Clair and Marine City should protect their citizens at once
by the installation of a plant for treating the water with “hypo-
chlorite.” Marine City could be protected for the present from St.
Clair sewage by treating its drinking water with ‘‘hypochlorite.”
The sewage of Marine City is not a menace at present. In view of the
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fact that these small cities are not growing fast enough to cause
apprehension making the drinking water safe would fulfill present
sanitary indications.

(6) The water supply of Detroit should be rendered safe by filtra-
tion or treatment.

The best possible location has been selected for obtaining a good
raw water, but it is subjected to pollution at times and can never be
considered as really safe every day in the year. The fact that the
pollution is necessarily dilute, and typhoid deaths are few and
scattered and difficult to trace to water, is no exeuse for postponing
an obvious necessity. Colon estimations by standard methods
should be made in Detroit daily instead of the oceasional animal
inoculations as a test of pollution. A primary sanitary necessity in
Detroit is safe water for every day in the year.

The disposal of sewage in Detroit is of secondary importance, and
from a selfish local standpoint is not a problem. There is ample
dilution to avoid nuisance and economically the method of disposal
is ideal. Unfortunately the Detroit River is so grossly polluted
thereby that the city of Wyandotte has suffered terribly from typhoid
fever. Undoubtedly Wyandotte and Monroe also should filter their
water supplies and protect themselves, but they should not be
required to freat a raw water which puts an unreasonable strain and
responsibility on their filter plants. It is probable that “rapid”
sand filter plants with “hypochlorite’” as an adjuvant would afford
ample protection to Wyandotte and Monroe without change in
Detroit’s method of sewage dispsoal. In the future partial purifica-
tion of Detroit’s sewage may become necessary.

V. LAEKE ONTARIO AND THE ST. LAWRENCE RIVER.

Although Lake Ontario is the smallest of the Great Lakes in super-
ficial area, it contains a much greater volume of water than Lake
Erie, because of its greater depth. The maximum depth of Lake
Ontario is 738 feet. The area of the water surface is 7,243 square
miles, Allowing an average depth of 250 feet, the storage capacity
of the lake would be 50,480,812,800,000 cubic feet. The discharge
from the lake by the St. Lawrence River is about 250,000 cubic feet
per second, or 21,600,000,000 cubic feet per day. At this rate of
discharge, Lake Ontario would require 2,337 days or over six years
to empty itsell if all inflow were stopped. This is a conservative
computation and it may be reckoned that given proportions of water
contributed to the lake at the western end will have the benefit of
over six years’ storage before making their exit into the St. Lawrence
River. This means that the water in Lake Ontario is capable of
purifying an enormous amount of organic matter and that with the
existing pollution the water should be pure outside of the zones of

bt

In

%
i
|
§







280

polluted water which surround the water front of cities and to
and the mouths of large rivers.  On the American shore Lake Ontari
1s used as a source of water supply in very few instances. The amoun
of direct sewage pollution is also small, as there are no large citi
situated on the lake shore. On the other hand, the amount o
pollution carried to the lake by the Niagara, the Genesee, and th
Oswego Rivers is large, although not sufficient to menace the gener
quality of the lake water.

The zone of pollution surrounding the mouths of these rivers
varies in size, according to the volume and velocity of the strea
flow and the velocity and direction of currents in the lake. Currents
in Lake Ontario are like those of the other lakes. They are irregular,
depending upon the velocity and direction of the wind. It is doubi-
ful if under these conditions sewage pollution in Lake Ontario can be
manifest at any considerable distance from the source. The cities
using Lake Ontario as a source of water supply may incréase. They
will be able, however, without difficulty, to obtain a good raw water
for filtration or treatment. To obtain the pure water from the deep
lake at a point always safe from the ever changing boundaries of the
polluted zone near shore is difficult if not impossible for engineering
and economie reasons. Under these conditions there is no reason
why Lake Ontario should not be used in the future, to a limited
extent, for the disposal of sewage by dilution, the amount of
nollution being carefully controlled and kept within the bounds of
safety. This will require that at no point where the lake water is
used or is likely to be used as a public water supply should pollution
se permitted to the extent that the purification of the lake water
would put an unreasonable strain or an undue responsibility on a
filter plant.

LAKE ONTARIO FROM THE MOUTH OF THE NIAGARA RIVER T
CHARLOTTE,

The pollution carried to Lake Ontario by the Niagara River,
ncluding the sewage of Buffalo, the Tonawandas, and Niagara Falls,
is subjected to natural purifying agencies in its passage over the Falls
and through the 13 miles of river flow from the Falls to the lake.
It is then discharged into a very deep lake. While some polluted
water might be carried eastward along the shore by currents, there
is no steady current in this direction and the tendency would be to
oscillate back and forth as the current changed direction. Further,
there are no cities or towns along the shore of the lake near enough
to be affected seriously by this pollution.

From the mouth of the Niagara River to the mouth of the Genesee
the shore of Lake Ontario is unimportant from the standpoint of
existing pollution. There are no large towns or cities and the streams
entering the lake are small.
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THE GENESEE RIVER DRAINAGE AREA,

The Genesee River, with its tributaries, drains an area of about 2,500
square miles. From the standpoint of pollution of interstate waters
and the spread of disease thereby, it will not be necessary to consider
the entire watershed. Of paramount importance from this stand-
point is that portion of the rivers from above Rochester to its mouth,
including the city of Rochester. Outside of the city of Rochester
the population of the villages on the watershed is small and their
sewage pollution of only local importance. The rural population is not
large, being only about 40 persons to the square mile.

As a source of pollution of Lake Ontario, the Genesee is of impor-
tance chiefly because of the sewage of the city of Rochester. Of
course the aggregate pollution from the agricultural country, the
villages and hamlets, is considerable and, exclusive of Rochester’s
sewage, quite sufficient to render the water of the lake in the vicinity
of the river's mouth unfit for drinking without treatment, but the
discharge of a large quantity of fresh sewage within a few miles of the
lake, by the city of Rochester, is a much greater menace to the purity
of the lake water.

The Genesee is noted for the great variation in its stream flow. In
dry weather the flow may be only 200 cubic feet per second, while in
flood it reaches 40,000 cubice feet per second. This great variation
of flow has made the stream an unsatisfactory sewage carrier for
Rochester, and necessitated some change m the system of sewage
disposal employed by that city.

ROCHESTER.

Rochester is a city of considerable commercial and industrial
importance and in 1900 had a population of 227,000. It is situated
on the Genesee River about 7 miles from its mouth. The sewage sys-
tem of Rochester was formerly almost entirely of the combined type,
discharging into the Genesee River by eight outlets. The growth of
the city and the low dry weather flow have combined to produce condi-
tions in the Genesee which demanded s change in the sewage disposal
to obviate the nuisance caused in summer. As a result Mr. Emil
Kuichling, consulting engineer, prepared plans for intercepting
sewers to divert the sewage of Rochester from the river to a point in
Iake Ontario several thousand feet offshore. Mr. Kuichling’s plans
were approved by Mr. Rudolph Hering, and by Mr. Geo. II. Benzen-
berg, consulting engineers, and were finally submitted to the State
department of health for approval by the city engineer. The plans
as submitted provided for 7} miles of intercepting and main trunk
sewers to carry the sewage to detritus tanks about 3 miles north of
the city. There were to be six detritus tanks, and in the outlet
channel from the tanks was to be placed a revolving sereening appara-
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tus with one-twelfth inch mesh. After a short detention and screen-
ing, the sewage was to be earried by the outfall sewer 7,000 feet out
in the lake. The outfall sewer was to terminate in a protecting erib
and the discharge would be about 45 feet below the surface of the
lake.

The plans were simple, even revolutionary, vet promised to be
effective. The official sanction of the State health authorities of the
use of the lake for sewage disposal was very properly withheld pending
a careful consideration of the matter. The principles involved are
of such importance that the review of the plans by Mr. Theodore
Horton, chief engineer, New York State Board of Health, is given in
part.

To summarize briefly my opinions and conclusions concernin g these plans, following
a careful examination and study of them, I would state:

(1) That the proposed system of intercepting and outfall sewers will remove from the
Genesee River practically all of the sewage now discharged into the river by the city of
Rochester at all times, except during heavy rainfalls, when the sewage will be dis- -
charged through overflows in a highly diluted state.

(2) That the diversion of this sewage will remove prac tically all offense and nuisance
along the river in and below the city and along the shores of Lake Ontario near the
outlet of the river.

(3) That during heavy rainfalls, when overflowing of sewage will occur, the dilution
of the sewage will be so great as to prevent any appreciable nuisance in and along the
river below the points of overflow.

(4) That whereas the method of sewage disposal proposed, viz, by a preliminary
treatment in settling and screening tanks and final treatment by dilution, oxidation,
and digestion in Lake Ontario is in principle a suitable and appropriate one for the
city of Rochester, the plans are insufficient and inadequate as to capacity and impor-
tant details and should be so modified and corrected as to provide:

(a) Settling tanks of twice the capacity shown by the plans,

(#) Skimming boards or other means for removing objectionable grease and oils.

(¢) Branch connections near the end of the outfall sewer in the lake to permit the
flow to be divided and discharged at two or more outlets in the lake whenever such
provision may become necessary. ;

(d) Suitable means at the end of the outfall sewer which will permit of its being
extended further out into the lake, if, or whenever, such provision may become
TECEssary. :

(5) That the proposed method of preliminary treatment, if modifications in the
plans are made in accordance with the above recommendations, will eliminate from
the sewage all of the grosser, and a large percentage of the finer, suspended matters
which, on account of their relative insolubility and difficulty of segregation, and their
offensive and dangerous nature, are easily transported by winds and induced surface
currents, to considerable distances.

(6) That if the changes above recommended are made in the plans the finer sus-
pended solids remaining in the partially clarified effluent, after passing through the
settling and screening tanks, and after their discharge into Lake Ontario, 7,000 feet
from shore, in over 50 feet of water, will be subject to combined action of sedimentation,
dilution, and dispersion to such an extent that no traces of sewnge will be discernible
to the senses along the shores of the lake or at any considerable distance frem the
outlet.
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(7) That at times, under unfavorable conditions of wind and wave action, pollution
from the effluent of the proposed settling and sereening plant discharged into the lake
7,000 feet from shore will even with modifications in plans above recommended, be
carried to the intakes of the water supplies of the Rochester and Ontario Water Co.,
and of the village of Charlotte. This pollution will, on the whole, be much less in
amount than occurs under existing conditions with the sewage of Rochester discharged
into the river, and in turn into the lake near these intakes, and it will occur in such
small amounts, at such infrequent intervals and be so diluted and attenuated, that
with properly installed water purification plants, the health of the communities using
those supplies will be amply protected against any danger of infection.

(8) That the possibility of any traces of sewage from the proposed outfall ever reach-
ing the intake of the Oswego water supply, some 50 miles distant, is too remote for
practical consideration. Even if traces were ever carried to this intake under unfavor-
able conditions they would be in such minute amounts and so attenuated as to have no
appreciable effect on the public health of the citizens of Oswego, and entirely negli-
gible as compared with the pollution of this water supply by the polluted waters of
Oswego River which now enters the lake only a short distance from said intake,

(4) That if it be found in the future, after these works have been put in operation
and after practical opportunity has been afforded to ohserve and study the effects
of the discharge of effluent from the proposed plan into the water of the lake, that the
health or comfort of the people who reside along the shores of Lake Ontario, or who
may use the water for drinking, bathing, or other purposes, is in anyway deleteriously
affected, it will be easily possible, and within reasonable cost, to increase the degree
of purification by providing increased or additional sedimentation, supplementary
treatment in biological filters, or the application of disinfectants, or all.

In view of the foregoing conelusions, and of the expressed policy of this department
of preventing the discharge of raw or insufficiently treated sewage into the waters of
this State, 1 beg to recommend that these plans be disapproved in their present form,
and that they be returned for corrections and modifications in aceordance with the
suggestions and recommendations outlined above.

In accordance with Mr. Horton’s review and recommendations
the commissioner of health of the State of New York approved the
plans provisionally on July 26, 1910. The very advanced position
taken is amply safeguarded by the proviso which reserves the right to
exact further purification of the sewage should this become necessary.
It would be unwise to prevent the use of the cheapest known means
of sewage disposal, namely dilution, when this method may be em-
ployed without detriment to other communities. Control over the
pollution must necessarily be maintained to keep it within reasonable
bounds in the event of greatly increased population and the possi-
bility of an increased use of Lake Ontario water for public water
supplies.

WATER SUPPLY.

Rochester’s water supply is from Hemlock Lake, an unfiltered
surface supply. However, the watershed is under control and has
large storage capacity. It is, of course, exposed to accidental pollu-
tion, but must be classed as a good water supply.
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TYPHOID FEVER.

The typhoid fever rate in Rochester has been ¢ asistently low for
Years. Since 1900 it has never been above 18 deaths per 100,000,
and in 1909 was less than 10.
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CHART 87.—Showing the comparatively low typhoid fever rates for many years in Rochester, N. Y.

The character of the water supply has undoubtedly been a factor
in maintaining this low rate. In addition, the control of milk has
been very effective in Rochester.
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CHART 88.—Showing the distribution of typhoid deaths in Rochester, N. Y., by months.

Chart No. 88 shows the seasonal prevalence of typhoid fever in
Rochester. The curve is low for February, March, and June, but
begins to rise in July and reaches its highest point in November.
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The Rochester water supply, though ciassed as a good supply, is
not absolutely safe, and pollution might occur, although it would be
necessarily of brief duration. Any surface supply from an inhabited
watershed may receive small amounts of pollution at times. The
effect of such pollution would depend upon the point in the water
systemn at which it was received, and how much storage it was sub-
jected to before delivery to the consumers. Not only the factor of
| dilution comes in here, but also the time factor. In most cases such
small amounts of pollution as are contributed upon a carefully
patrolled watershed are nullified by the storage and are negligible.
It must be conceded, however, that constant vigilance is necessary
to prevent or control such contamination. It is certain that pollu-
tion of the water supply in Rochester plays little if any part in
increasing the low typhoid fever rate of that city. Yet in view of
the work done in the control of milk, it is difficult to explain the
relatively high rates which prevailed for example in January, 1908;
in April, 1909; in January, 1910; in May, 1910; and in May, 1911
Taking the average of the four years from 1908 to 1911, the rates in
January and April were higher than one would expect with a safe
water supply and good control of milk.

THE OSWEGO RIVER DRAINAGE ARBA.

The Oswego River drainage area is the largest in the State of New
York. It consists of over 5,000 square miles of territory and includes
the so-called “finger lakes’’ and many other natural reservoirs. The
watershed is very thickly populated, and the sewage pollution con-
tributed at various points is very large, but the stream flow and
large storage in lakes minimizes the dangers of this pollution on the
waters of Lake Ontario. _

The rural population on the watershed is about 50 to the square
mile. Adding the urban population, the persons per square mile
are increased to 100. This is not a sufficient density of population
to cause very bad conditions in the Oswego River with its large and
relatively uniform stream flow. In addition, the sewage from some
of the largest cities, Syracuse, Rome, Ithaca, and Geneva, must pass
through large lakes before reaching the main river. Under these
circumstanees, from the standpoint of sewage pollution of inter-
national or interstate waters, it is unnecessary to consider in detail
the watershed of the Oswegzo River above the junction of the Seneca
and Oneida Rivers. There are many interesting problems in the
area above this point, but they are purely local and have no par-
ticular bearing upon the water of Lake Ontario. About 12 miles
from Lake Ontario the city of Fulton discharges its sewage into the
Oswego River. There is no other considerable source of pollution
until the mouth of the river is reached at Oswego. :
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Exclusive of the sewage of Oswego, the river draining this populous
watershed woud pollute the lake water for a variable distanee about
the river’s mouth. This pollution, however, has far less significance
than that contributed by the city of Oswego.

OSWEGO.

Oswego is situated on both banks of the Oswego River at its
mouth. In 1910 it had a population of 23,612. The sewage of
Oswego is discharged into the river or into small tributary streams.

Oswego’s water supply has been taken from the Oswego River, and
this polluted water supply has been responsible for very high typhoid
fever rates. A new supply will soon be in use, taken from the lake
at a point 8,800 feet from shore. Oswego’s typhoid fever rate has
averaged about 50 deaths per 100,000 in the past 10 years. From
1906 to 1908 inclusive, the average was 64 deaths per 100,000. In
1909, the rate was lower (26.6) but in 1910 was 43.4.

Chart No. 89 shows the seasonal prevalence in Oswego. The
typhoid curve is characteristic and exactly what might be expected
in a city using unfiltered water from a polluted river.

THE BLACK RIVER DRAINAGE BASIN.

From Oswego to the mouth of the Black River the sewage pollu-
tion of Lake Ontario is negligible. There are no cities or towns of
importance. The Black River drains less than 2,000 miles of sparsely
settled country and the sewage pollution carried to Lake Ontario by
this stream is inconsiderable, except that of the city of Watertown.
There are interesting problems of sewage disposal and disposal of
manufacturing wastes, but these are of a purely local character and
have no interstate significance.

The sewage of West Carthage and other small communities seriously
affects the quality of the water at Watertown. The effect of Water-
town’s sewage pollution of the river is the only one necessary to be
considered in connection with pollution of Lake Ontario.

WATERTOWN, N. Y.

The city of Watertown is situated on the Black River about 8 miles
from Lake Ontario. It had a population of 27,090 in 1910. Its
sewers discharge into the Black River.

The .water supply is from the Black River and is filtered by a
mechanical filter. The rates for typhoid fever have been altogether
too high in Watertown. Chart No. 90 shows the typhoid fever death
rate per 100,000 in Watertown from 1900 to 1910. A mechanical
filter plant was installed in 1904 and was followed by a remarkable
drop in the typhoid fever prevalence.

The rate has not remained as low as was expected, being above
40 in 1906-7, and 1908, and in 1910 it reached 88. These high
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rates are probably due to poor filter efficiency coupled with a
very bad raw water. The seasonal prevalence (see Chart No. 91)
indicates plainly that the high rates are due to winter and spring
typhoid and suggest that the filter efficiency should be improved
and probably also the quality of the raw water furnished to the
filters,

Prof. Ogden, who recently made an investigation, is of the opinion
'that the polluted wells which are in use in Watertown, are responsible
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CrART 80 —Showing seasonal prevalence of typhoid fever in Oawego, N. Y., 1808, 1909, 1910, ‘The character
of Oswego's water supply is suflicient explanation for its undue prevalence in winter and spring.

for the very high typhoid rates in that city. The experience of
Watertown is probably similar to other cities and suggests that in
addition to the installation of a proper filter plant, certain things are
essential, as follows: (1) Expert supervision; (2) a reasonably good
raw water; (3) the substitution of this good safe water for contam-
inated wells supplies wherever these are in use. A properly con-
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struected and intelligently operated filter plant, with a safe water as
a result, often gives disappointing results in typhoid reduction, when
a large part of the population persist in using contaminated wells.
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CHART 91.—The seasonal prevalence eurve for typhoid fever in Watertown, N. Y., suggests poor filter
efficiency, or that some other polluted sources of supply are used.

THRE 8T. LAWRENCE RIVER FROM CAPE VINCENT TO OGDENSBURCG.

There are no eities or towns of importance on the American shore
of the river between these two points. The amount of sewage pollu-
tion contributed is small and insignificant compared to the stream
flow of the St. Lawrence. - Were it not for the fact that this is a sum-
mer resort section, the amount of pollution and the prevalence of
typhoid fever would be a purely local affair.

The three villages of Cape Vincent, Clayton, and Alexandria Bay,
as well as the numerous summer resorts on this shore and upon the

37958°—12 19
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numerous islands in the river, are receiving points for thousands of
summer visitors, and the question of their water supplies and the
local prevalence of typhoid fever assumes an interstate significance.
The importance of summer resorts as distributing points for typhoid
fever has been recognized by the New York State Department of
Health, and much has been accomplished by the department in mak-
ing the water supplies safe and effecting improvement in sewage
disposal in the summer resorts of New York State.

While the amount of dilution in the St. Lawrence is enormous and the
amount of pollution at any given point small, still a small amount of
pollution may be carried quickly to an intake in this rapidly flowing
river without affording much opportunity for the natural agencies of
purification. Clayton’s experience illustrates the importance of some
of these villages. During August and September, 1909, there were
over 100 cases of fever, probably typhoid, although only 7 cases were
so diagnosed by local physicians.

Analyses of the river water showed fecal contamination. Clayton’s
supply is taken from the river 600 feet from shore. A few miles above
Clayton the sewage of Cape Vincent and of Kingston, Canada, 1s
discharged, besides the sewage from cottages on the islands above
Clayton. The work of the State authorities showed conclusively
that the disease was typhoid fever and that the water supply was
contaminated. The local officials were apathetic, and their activity
was confined to some repairs to the intake pipe and posting a placard
in the post office advising the people to boil the water. The com-
missioner of health, Dr. Porter, in a letter, protested vigorously against
the inactivity of the local officials.

According to the State reports, the open publication of this letter
was resented by the local authorities as liable to hurt the reputation
of the village as a summer resort.

The only safeguard is treatment of the water supplies, and it is to
be hoped that the excellent work already done by the New York State
Department of Health will be continued in this direction, and that
in this work they will receive the proper support.

THE OSWEGATCHIE RIVER DRAINAGE BASIN.

The Oswegatchie drains about 1,600 square miles of sparsely settled
country. The sewage contributed to the river above Ogdensburg is
negligible, except that of the village of Gouverneur, and this is dis-
charged 56 miles from the St. Lawrence River. Local questions arise
here, as on other watersheds, which the excellent machinery of the
State health department is handling. The most serious sewage
pollution from an international standpoint is that contributed by the
city of Ogdensburg.
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OGDENSBURG.

Ogdensburg is situated on the St. Lawrence River at the mouth of
the Oswegatchie. In 1910 it had a population of 16,000. The
sewers discharge into the Oswegatchie and St. Lawrence Rivers. The
water supply is taken from the Oswegatchia River above the sewer
| outlets. The river water has as possible sources of pollution the
- village of Gouveneur, about 50 miles above, and several smaller
communities situated much nearer Ogdensburg.

According to the New York State health reports, the average
typhoid fever rate in Ogdensburg for the 10 years 1900-1909 was
48.5 deaths per 100,000 population. In 1909 the rate was 26.8 and
in 1910, 37.5.

During the past two years Ogdensburg has been installing a new
filtration plant of the slow sand type to purify the water to be taken
from the St. Lawrence River instead of the old supply from the
Oswegatchie River. This new filtration plant is practically com-
pleted.

CONCLUSIONS,

(1) The danger of sewage pollution of Lake Ontario is minimized
by the depth of the lake and it enormous capacity for storage. The
pollution carried by the Niagara, the Genesee, and other rivers is
rendered much less serious by this fact and also by the paucity of large
cities using the lake as a source of public water supply.

(2) That portion of the shore of Lake Ontario from the mouth of
the Niagara to the mouth of the Genesee contributes no serious pollu-
tion to the lake. The Genesee carries a large quantity of pollution
to the lake, including (at present) the sewage of the city of Rochester.
In view of the fact that Rochester does not take its water supply from
Lake Ontario, and in the absence of other large cities depending upon
Lake Ontario water, there can be little valid objection to the permis-
sion to use the lake for ultimate reception of the effluent from the
proposed sewage disposal plant at Rochester.

The requirements exacted by the State department of health are
reasonable and the suggested methods are of the simplest character.
Nevertheless, they seem to supply the needs of the present situation.
Reserving the right to require further purification if and when nec-
sary provides the necessary safeguard against inevitable or unforeseen
circumstances. Even if Rochester itself should find it necessary to
use the lake ag a source of water supply, filtration or treatment would
always be necessary, in any event, and under these circumstances a
good raw water 1s insured.

Rochester’s typhoid fever rate is low, and has been consistently
low for years. In view of the reports of the Rochester City Health
Department of work done in the control of milk, the rate should be



even lower, especially in the months from December to May, with a
water supply safe at all times.

(3) The pollution of the lake by the discharge of the Oswego River
has only local effect. The water supply of Oswego has been very
recently improved by substituting Lake Ontario for the po]lute
Oswego River as a source of publie water supply. It remains to be
seen whether the change will effect a reduction in Oswego’s high
typhoid fever rate. The distance from shore (8,800 feet) may ins
a safe water most of the time, but eventually, according to the expe--
rience of other lake cities, some treatment or filtration will be found
necessary to insure safe water every day in the year. -‘

(4) The pollution of Lake Ontario by the dlsehmge of the Black
River, including the sewage and wastes of Watertown, is Lﬂt'l.ﬂldﬁrﬁ-blﬂ
The color derived from the Black River is said to be noticeable near |
shore for a long distance, even for some distance after the lake water |
passes into the St. Lawrence. It is reasonable to suppose that pollu-
tion extends at least so far as the color. The villages exposed --i
such theoretical pollution should filter or treat their water supplies
for their own protection even if the Black River did not exist. The.
whole question of pollution of the Black River is local, and is bei g
ably handled by the New York State Department of Health. ]

(5) The prevalence of typhoid fever in the villages of Cape Vincent,
Cia,ytﬂn, or Alexandria Bay, and in any of the many summer reso g
in the Thousand Islands region, has an interstate significance. Its
importance is wmgmzed by the State department of health, however,
and that body is making an earnest effort to better conditions.
Much has been done, especially in the better disposal of excreta, but
unfortunately the health department of the State of New York lacks.
the authority for proper control of public water supplies, and the
earnest exhortations of the commissioner of health for better supplies
are not always heeded with alacrity.

Safe water supplies in these resorts are a necessity for the protection,
not only of the citizens of the State of New York, but for the protection’
of the public health in other States.

(6) The pollution of the St. Lawrence River by the Oswega.t.chl
River is negligible, except that furnished by the city of Ogdensburg.
It is doubtful if this has anything more than a local effect, in view
of the enormous volume of water in the St. Lawrence River, and the
absence of cities or towns of importance for a considerable dista
below Ogdensburg. Ogdensburg very properly is protecting its '
citizens by the installation of a slow sand-filter plant to purify the
water taken from a new intake in the 5t. Lawrence River. '
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GENERAL SUMMARY,
CONDITIONS.

There is an undue prevalence of typhoid fever in many cities
and towns in the drainage basin of the Great Lakes.

This excessive prevalence of typhoid fever, especially 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. .

Given the sewage pollution of the source of supply, the excessive
prevalence is made possible by the use of such water unfiltered and
untreated or by the faulty operation or poor efficiency 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 filtration was being depended upon to make
a polluted water safe. Some of these unfiltered lake supplies are
alleged to be safe, but proper bacteriologic examination is not made
daily. In one large lake city a sample is sent occasionally to a
State laboratory; in another, a baecterial count is made daily, but no
B. coli estimation is made, the only test employed to detect pollution
being the obsolete and very indefinite method of animal inoculation.

Some filter plants have serious structural defects. Others are
structurally satisfactory, but improperly or ecarelessly 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 can not be classed as
safe. TIn some instances there is no adequate bacteriologic control,
and samples of the water are 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. In most of these places
a distinet winter and spring prevalence is demonstrable, coupled
with a coincidently high typhoid fever rate. This enteritis to some
extent seems to be water borne, and the disease sometimes called
“winter cholera’ is presumably entirely water borne. Some of the
so-called enteritis and winter cholera may be typhoid fever or bacillary
dysentery. An exhaustive investigation of the diarrhea and enteritis
of children is necessary to determine accurately the real incidence
of the various entities which are grouped under this heading.

The undue prevalence of typhoid fever 1s an intersiate menace
and is responsible for the spread of the disease from one State to
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 advantages; (3) Summer

resorts.
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The drainage basin of the Great Lakes contains many cities and
communities in each of the three classes. Not only is typhoid infection
distributed by these polluted water supplies to the thousands of
visitors from other States, but railroad trains and vessels take their
food and drink supplies from these infected centers and distribute
such supplies en route to their interstate passengers.

REMEDIES.

The prime requisite is safe water supplies. Filtered or treated
supplies must be substituted for the present polluted or dangerous
public supplies where adequate protection of such supplies against
pollution is not feasible. No single method of water purification
or sterilization can be expected to be applicable in all instances. The
degree of purification necessary, the character of the raw water,
and the financial condition of the community must be considered,
and the remedy should be selected which will result in a safe water
supply at the least cost.

In regard to raw lake water alleged to be safe, bacteriologic examina-
tions, including bacterial counts and quantitative estimation of B.
coli, should be made daily. No accurate deductions as to the quality
of a raw water can be drawn from a few scattered examinations.
To have value, bacteriologic examinations must be made daily fof
at least a year under all kinds of weather conditions. If such com-
prehensive daily examinations are made, it will be found that there
are few, if any, municipalities in the Great Lakes Basin which have
a safe water supply from the lakes 365 days in the year without
filtration or treatment.

In those cities which possess filter plants expert supervision is
necessary, with daily bacteriologic examination of the raw and
filtered or treated water. In some cases extra units are necessary
to relieve the strain on an overworked plant. In slow sand plants
extra units are necessary to permit proper cleaning and ripening of
the “schmutzdecke.”

They are also necessary when mechanical filter plants are in use,
to provide for necessary repairs or the renewal of parts of the work-
ing units. There should be the closest supervision of municipal
filter plants exercised by the State and city boards of health to main-
tain efficiency and insure proper protection of the public health,

In the prevention of the spread of water-borne contagious disease
in the basin of the Great Lakes as the problem now stands sewage
treatment is secondary in importance to filtration or treatment of
the public water supplies. It will always be an aid and will some-
times be a necessity in furnishing a raw water which can be rendered
safe without undue expense. In general it is cheaper to purify
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water than to purify sewage, but sewage purification should be car-
vied far enough to insure a good raw water for the filters.

It would be unreasonable to expect a large city to expend millions
for sewage purification for the protection of the water supply of
some near-by village or small city, provided the water supply of the
smaller community could be rendered safe or another supply sub-
stituted at a much smaller cost.

No general rules can be formulated for the disposal of sewage in
the Lakes cities. Each city must be studied separately, the remedy
depending upon loeal conditions. In general the methods necessary
will be simple because of the enormous volume of water available for
dilution, which eliminates the factor of nuisance. From the stand-
point of menace to health the degree of purification required will
depend upon the amount of the sewage and the proximity of water-
works intakes.

Dilution as a means of sewage disposal should be permitted for
economic reasons wherever possible without detriment to the public
health up to the point where the sewage contributed does not put
an undue strain or an unreasonable responsibility upon filter plants
by malking the bacterial count and the colon content of the raw water
too high for safety.

Actual pollution of waterworks intakes by sewage from ships is
difficult to demonstrate, but its possibility is apparent at once. In
most instances the elimination of such pollution from the problem
would not result in a safe water, as there is usually other more con-
sistent pollution near by. Marking out of zones about the intakes,
such zones not to be crossed by vessels, or during the crossing that
all toilets be closed, has been suggested. This has serious objections,
viz, failure to close the toilets for some reason and the impossibility
of maintaining a zone where the channel is narrow, as for instance at
the Lime Kiln crossing above Detroit. The most satisfactory solu-
tion of the problem seems to be the installation of retention tanks on
vessels for human excreta.

Sewage pollution of intakes by the deposition of dredgings con-
taining sewage sludge has probably taken place, and its results in one
instance at least seem to have been disastrous. However, in all
instances where complaint has been made against dumping such
dredgings there was an obvious necessity for filtration or treatment
of the public water supply as a protection of the public health, for
reasons independent of the dredging, and further, if such necessary
water purification had been effected, it would have afforded ample
protection against the alleged ill effect of the dredgings.

Aside from these facts, it must be apparent to everyone that the
dumping of dredgings from a sewage-polluted river into the current
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LIST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLIC
HEALTH AND MARINE-HOSFPITAL SERVICE.

The Hygienic Laboratory was established in New York, at the Marine Hospital on
ftaten Island, August, 1887, It was transferred to Washington, with quarters in the
Jutler Building, June 11, 1891, and a new laboratory building, located in Washington,
was authorized by act of Congress, March 3, 1901,
The following bulleting [Buls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. 8. Mar.-Hosp.
Rerv,, Wash.] have been issued:

*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau.

No. 2. —Formalin disinfection of baggage without apparatus. By M. J. Rosenau,
*No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings.

*No. 4 —Viability of the Bacillus pestis. By M. J. Rosenau,

No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) applied
o the destruction of rats. By M. J. Rosenau.

*No. ,—Disinfection against mosquitoes with formaldehyde and sulphur dioxid.
Hy M. J. Rosenau. '
*No. 7.—Laboratory technique: Ring test for indol, by 8. B. Grubbs and Edward
Francis; Collodium sacs, by 8. B. Grubbs and Edward Francis; Microphotography
vith simple apparatus, by H, B. Parker.
By act of {"-:mgrma approved July 1, 1902, the name of the “*United States Marine-
Hospital Service’’ was changed to the [ ‘Public Health and Marine-Hospital Service of
the United States,”” and three new divisions were added to the Hygienic Laboratory.
Since the change of name of the service the bulletins of the Hygienic Laboratory
yave been continued in the same numerical order, as follows:
*No. 8.—Laboratory course in pathology and bacteriology. By, M. J. Rosenau.
Revised edition, March, 1904.)

*No. 9.—Presence of tetanus in commercial gelatin, By, John F. Anderson.

*No, 10.—Report upon the prevalence and geographie distribution of heokworm dis-
ase (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles.
*No. 11 —An experimental investigation of Trypanosoma lewizi. By Edward
rancis,
#No. 12.—The bacteriological impurities of vaceine virus; an experimental study.
By M. J. Rosenau,
#Nao, 13, —A statistical study of the intestinal parasites of 500 white male patients at
he United States Government Hospital for the Insane; by Philip E. Garrison, Bray-
on H. Ransom, and Earle C. Stevenson. A parasitic roundworm (Agamomermis
bulicis 1. g., n. 8p.) in American mosquitoes ( Culer sollicitans); by Ch. Wardell Stiles.
he type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles,
*No. 14.—=potted fever (stick fever) of the Rocky Mountains; a new disease. By
ohn F. Anderson.
*No, 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan
. MeLaughlin.
*No, 16.—The antiseptic and germlmdal properties of glycerin, By M. J. Rosenau.
*No. 17.—Illustrated key to the trematode parasites of man. By Ch, Wardell Stiles.
*No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man,
neluding reports of several new cases of the dwarf tapeworm (H. nana) in the United
itates. By Brayton H. Ransom,

(1)




II

*No. 19.—A method for inoculating animals with precise amounts. By. M. J.
Rosenau,

*No, 20.—A zoological investigation into the cause, transmission, and source of
Rocky Mountain * ‘spotted fever.” By. Ch. Wardell Stiles. '

*No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on
Ehrlich’s normal serum). Official standard prepared under the act approved July 1,
1902, By M. J. Rosenau.

*No, 22 —Chloride of zinc as a dedorant, antiseptic, and germicide. By T. B.
MeClintic,

*No., 23, —Changes in the Pharmacopeeia of the United States of America. Eighth
Decennial Revision. By Reid Hunt and Murray Galt Motter,

No. 24.—The International Code of Zoological Nomenclature as applied to medi-
cine. By Ch. Wardell Stiles.

*No. 25 —Ilustrated key to the cestode parasites of man. By Ch, Wardell Stiles.

*No. 26.—On the stability of the oxidases and their conduct toward various reagents.
The conduct of phenolphthalein in the animal organism, A test for saccharin, and
a simple method of distinguishing between cumarin and vanillin. The toxicity of
ozone and other oxidizing agents to lipase. The influence of chemical constitution
to the lipolytic hydrolysis of ethereal salts. By J. H. Kastle,

*No. 27 —The limitations of formaldehyde gas as a disinfectant with special refer-
ence to car sanitation, By Thomas B. McClintic,

*No. 28.—A statistical study of the prevalence of intestinal worms in man. By
Ch. Wardell Stiles and Philip E. Garrison.

*No. 20.—A study of the cause of sudden death following the injection of horse
serum. By M. J. Rosenau and John F. Anderson.

*No. 30.—I. Maternal transmission of immunity to diphtheria toxin. II. Maternal
transmission of immunity to diphtheria toxin and hypersusceptibility to horse serum
in the same animal, By John F. Anderson.

*No. 31.—Variations in the peroxidase activity of the blood in health and disease.
By Joseph H. Kastle and Harold L. Amoss,

#No. 32.—A stomach lesion in guinea pigs caused by diphtheria toxin and its
bearing upon experimental gastric ulecer. By. M. J. Rosenau and John F. Anderson.

*No. 33.—Studies in experimental alecoholism. By Reid Hunt.

*No. 34.—1. Agamojfilaria georgiana n. gp., an apparently new roundworm parasite
from the ankle of a negress. II, The zoological characters of the roundworm genus
Filaria Mueller, 1787, III. Three new American cases of infection of man with
horsehair worms (species Paragordius varius), with summary of all cases reported to
date. By Ch, Wardell Stiles. |

*#No. 35.—Report on the origin and prevalence of typhoid fever in the District of
Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. (Including
articles contributed by Ch, Wardell Stiles, Joseph Goldberger, and A. M. Stimson.)

*No, 36.—Further studies upon hypersusceptibility and immunity. By M. J.
Rosenau and John F. Anderson.

*No. 37.—Index-catalogue of medical and veterinary zoology. Subjects: Trema
toda and trematode diseases, By Ch. Wardell Stiles and Albert Hassall.

No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By M. J.
Rosenau and John F. Anderson. '

*No. 39.—The antiseptic and germicidal properties of solutions of formaldehyde
and their action upon toxins. By John F. Anderson,

*No. 40.—1. The occurrence of a proliferating cestode larva (8 parganum proliferum)
in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specimen
of Filaria restiformis Leidy, 1880=Agamomniermis restiformis, by Ch. Wardell Stiles,
3. Observations on two new parasitic trematode worms: Homalogaster philippinensis
n. sp., Agamodistomum nanus 1. sp., by Ch. Wardell Stiles and Joseph Goldberger.
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4. A reexamination of the original specimen of Twnia saginata abietina (Weinland,
1858), by Ch. Wardell Stiles and Joseph Goldberger.

*No. 41,—Milk and its relation to the public health. By various authors.

#No. 42—The thermal death points of pathogenic micro-organisms in milk. By
M. J. Rosenan.

*No. 43 —The standardization of tetanus antitoxin (an American unit established
under authority of the act of July 1, 1902), By M. J. Rosenau and John F. Anderson.

No. 44.—Report No. 2 on the origin and prevalence of typhoid fever in the Distriet
of Columbia, 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle.

*No. 45.—Further studies upon anaphylaxie. By M. J. Rosenau and John F.
Anderson,

*No. 46.—Hepatozoon perniciosum (n. g., I 8p.); & hemogregarine pathogenic for
white rats; with a description of the sexual eycle in the intermadiate host, a mite
(Lelaps echidninus). By W. W. Miller.

#*No. 47.—Studies on Thyroid: I. The relation of iodine to the physiological activ-
ity of thyroid preparations. By Reid Hunt and Atherton Seidell.

#No. 48.—The physiological standardization of digitalis. By Charles Wallis Ed-
munds and Worth Hale.

No. 49.—Digest of comments on the United States Pharmacopeeia. Eighth decen-
nial revision, for the period ending December 31, 1905. By Murray Galt Motter and
Martin 1. Wilbert.

No. 50.—Further studies upon the phenomenon of anaphylaxis. By M. J. Rosenau
and John IF. Anderson.

No. 51.—Chemical tests for blood. By Joseph H. Kastle.

No. 52.—Report No. 3 on the origin and prevalence of typhoid fever in the District
of Columbia (1908). By M. J. Rosenau, Leslie L. Lumsden, and Joseph H. Kastle.

No. 53.—The influence of certain drugs upon the toxicity of acetanilide and anti-
pyrine. By Worth Hale.

No. 54.—The fixing power of alkaloids on volatile acids and its application to the
estimation of alkaloids with the aid of phenolphthalein or by the Volhard method.
By Elias Elvave.

No. 55.—Quantitative pharmacological studies: Adrenalin and adrenalinlike
bodies. By W. H. Schultz.

No. 56.—Milk and its relation to the public health. (Revised edition of Bulletin
No. 41.) By various authors.

*No. 57.—I. The presence of tubercle bacilli in the circulating blood in clinical
and experimental tuberculosis. By John F. Anderson. 1I. The viability of the
tubercle bacillus. By M. J. Rosenau.

No. 58.—Digest of comments on the Pharmacopeia of the United States of America
(eighth decennial revision) and the National Formulary for the period ending Decem-
ber 31, 1806. By Murray Galt Motter and Martin 1. Wilbert.

No. 59.—The oxidases and other oxygen catalysts concerned in biological oxida-
tions. By Joseph Hoeing Kastle.

No. 60—A study of the anatomy of Watsonius (n. g.) Watsoni of man, and of 19
allied species of mammalian trematode worms of the superfamily Paramphistomoidea,
By Ch. Wardell Stiles and Joseph Goldberger.

No. 61.—Quantitative pharmacological studies: Relative physiological activity of
some commercial solutions of epinephrin. By W. H. Schultz.

No. 62.—The taxonomic value of the microscopic structure of the stigmal plates
in the tick genus Dermacentor. By Ch. Wardell Stiles.

#No. 63.—Digest of comments on the Pharmacopeia of the United States of America
(eighth decennial revision) and the National Formulary (third edition) for the calen-
dar year ending December 31, 1907. By Murray Galt Motter and Martin I. Wilbert.

No. 64.—Studies upon anaphylaxis with special reference to the antibodies con-
cerned. By Jobhn F. Anderson and W. H. Frost.
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No. 65.—Facts and problems ot rabies. By A. M. Stimson,

No. 66.—I. The influence of age and temperature on the potency of diphtheria
antitoxin., By John F. Anderson. Il1. An organizm (Pseudomonas protea) isolated
from water, agglutinated by the serum of typhoid-fever patients. By W. H. Frost.
IT1. S8ome considerations on colorimetry, and a new colorimeter. By Norman Rob-
erta. IV. A gas generator, in four forms, for laboratory and technical use. By Nor-
man Roberts.

*No. 67.—The solubilities of the pharmacopeial organic acids and their salts. By
Atherton Seidell.

No. 68,—The bleaching of flour and the effect of nitrites on certain medicinal
substances. By Worth Hale.

No. 69.—The effect of a restricted diet and of various diets upon the resistance of
animals to certain poisons. By Reid Hunt.

No. 70.—A study of melting-point determinations with special reference to the
melting-point requirements of the United States Pharmacopeeia., By George A.
Menge.

No. 71.—I. Some known and three new endoparasitic trematodes from American
fresh-water fish. By Joseph Goldberger. II. Onsome new parasitic trematode worms
of the genus Telorchis. By Joseph Goldberger. I11. A new species of Athesmia from
a monkey. DBy Joseph Goldberger and Charles G. Crane.

*No. 72.—1. Report on an outbreak of typhoid fever at Omaha, Nebr. (1909-1910).
By L. L. Lumsden. II. The water supply of Williamson, W. Va., and its relation
to an epidemic of typhoid fever. By W. H. Frost.

No. 73.—The efiect of a number of derivatives of choline and analogous compounds
on the blood pressure. By Reid Hunt and R. de M. Taveaun.

*No. 74.—Digitalis standardization and the variability of erude and of medicinal
preparations. By Worth Hale. :

No. 75.—Digest of comments on the pharmacopeeia of the United States of America
(eighth decennial revision) and the national formulary (third edition) for the calendar
year ending December 31, 1908, By Murray Galt Motter and Martin 1. Wilbert.

¥No. 76.—The physiological standardization of ergot. By Charles Wallis Edmunds
and Worth Hale.

No. 77.—Sewage pollution of interstate and international waters with special refer-
ence to the spread of typhoid fever. By Allan J. McLaughlin.

No. 78.—Report No. 4 on the origin and prevalence of typhoid fever in the District
of Columbia (1909). By L. L. Lumsden and John F. Anderson. (Including articles
contributed by Thomas B, MeClintic and Wade H. Frost.)

*No. 79.—IDigest of comments on the pharmacopeeia of the United States of America
(eighth decennial revision) and the national formulary (third edition) for the ealendar
year ending December 31, 1909. By Murray Galt Motter and Martin I. Wilbert.

¥No. 80.—Physiological studies in anaphylaxis. Reaction of smooth muscle from
varibus organs of different animals to proteins.  (Including reaction of muscle from non-
sensitized, sentitized, tolerant, and immunized guinea pigs.) By William H. Schuliz.

No. 81.—Tissue proliferation in plasma medium. By John Sundwall,

No. 82.—1. Method of standardizing disinfectants with and without organie matter.
By John F. Anderson and Thomas B. McClintie. 11. The determination of the phenol
coellicient of some commercial disinfectants, By Thomas B, McClintic.

No. 83.—Sewage pollution of interstate and international waters with apecial ref-
erence to the spread of typhoid fever. II. Lake Superior and St. Mary's river. III.
Lake Michigan and the Siraits of Mackinae. IV. Lake Huron, 8t. Clair river, Lake
8t. Clair, and the Detroit river. V. Lake Ontario and 8t. Lawrence river. By Allan
J. McLaughlin. i

In citing these bulletins, beginning with No. 8, bibliographers and authors are
requested to adopt the following abbreviations: Bull. No. —-, Hyg. Lab., U. 8.
Pub. Health & Mar.-Hosp. Serv., Wash., pp.
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