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

INTRODUCTION.

The disastrous results of sewage pollution of interstate and inter-
national water supplies have been fully discussed in former bulletins
covering the drainage area of the Great Lakes. These bulletins
further discussed the excessive prevalence of typhoid fever in the
United States, the relation of typhoid fever to polluted water sup-
plies, and the remedies which would be applicable to the correction
of our sanitary defects. In order to avoid repetition, these and other
subjects discussed in detail in Hygienie Laboratory Bulletins 77 and
83 are omitted here.

The study of the Missouri River was begun upon the request of
Dr. S. J. Crumbine, secretary of the State Board of Health of Kansas.
The sanitary authorities of Kansas, Nebraska, Missouri, and Towa
had considered with apprehension the rapidly growing pollution of
this great interstate waterway. Some effort was made to secure joint
action by the States interested, and several meetings were held
and resolutions passed. In 1911 the Surgeon General, Public Health
Service, was requested to detail an officer to cooperate with a com-
mission appointed by the governor of Kansas in a sanitary survey of
the river. The writer was detailed, and began work in April, 1912.

It was deemed wise to attempt to secure the cooperation of various
forces, State boards of health, State universities, and municipal
boards of health. This was especially desirable because of the limita-
tion of the Federal appropriations, which precluded any large ex-
penditure of money by the Public Health Service.

The cooperation secured is evidence of the public-spirited attitude
of the officials and their willingness to assist in such a work, even at
considerable personal sacrifice. The demonstration that municipal,
State, and Federal officers can work harmoniously is in itself an object
lesson of value, showing what may be accomplished by such coopera-
tion at a very low cost.

Obviously, the most important part of the river from the standpoint
of sewage pollution was that portion from Sioux City to its mouth,
and it was deeided to confine these first studies to this part of the
watershed.
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The cooperative plan outlined was as follows: First, a sanitary
survey of the important cities and towns on the river; second, ex-
aminations of samples of the water of the river taken daily for a period
of at least two months, the sampling points to be fixed above and be-
low the principal sources of pollution and in the mouths of tributaries,
In order that the results might have comparative value it was deemed
wise to have the examinations made simultaneously over the entire
area. The advisability of a long series was appreciated, but there
were insuperable difficulties in the way of securing examinations for a
longer period than two months. Inasmuch as a year’s daily examina-
tions were not feasible the months of June and July were selected.
These months have certain advantages in the Missouri Valley, in-
cluding a period of very high water with probably the maximum
pollution, as evidenced by bacterial counts.

The following is a list of the laboratories, the names of the officials
extending the courtesies of these laboratories, the names of the bacte-
riologists who did the work, and the points from which samples were
taken:

Oificials extending the

Sampling points. courtesy.

Name of laboratory. Bacteriologist.

Bacteriological labora- | (1) Missouri River, 8ioux | Dr. . H. Sufnnar, sepre- | Prof. Albert.

tory, lowa Stale
Board of Health, Iowa
City, Iowa.

Laboratdry of Omaha
city department of
haalth.

University of Nebraska
department of bacte-
riology.

Laboratory of city of
8t. Joseph.

Water and zewage lab-
oratory, State board
of health, University
of Kansas, LawTance,
Kans.

Laboratory depart-
ment of health, city
of Kansas City, Mo.

Bacteriolo I labora-
tory, M i Btate
Board of Health.

City, lowa, below eity
SEWErs.

{2} Missouri River above
city's sewers; (3) Mis-
souri River below city's
SEWEL 5.

H% Missouri River at

“lattsmonth; (5) Platte
River at Plattsmouth.

{6) Missouri River above
city: (7) Missouri River
bolow city; (8) Missousd
River below packing

{gpli"tsliisnn bove eit
) At above city;
{10) Atchison, below
city; (11) Leavenworth,
abovecity; (12) Leaven-
worth, below city; (13}
Kansas River at Law-
rence; (l14) Kansas
Riverat Bonner Springs;
15) Kansas River at

ATsas ﬂn}.g.

(16) Kansas iver at Kan-
sas City: (17) Missouri
LRiver above mouth of
Kansas River; (18) Mis-
zourl River below Kan-
=as City sewers; (19)
Missouri River at Inde-

ndence, Mo.

{ J} Missouri River at

afferson City, Mo.

mﬁ State  board of
health; Prof. Henry
Alhen! director of lab-

ural—m?.
Dr. Ralph W. Connell,
T ner of health.

Dir. E. Arthur Carr, secre-
tary Nebraska State
Board of Health; Prof.
H. H. Waite, University
of Nebraska.

Col. J. A. ““I.,Lf'f' president
board of health.

Dir. 8. 1. Crumbine, secre-
tary State board of
health,

Dr. W. 8. Wheeler, com-
mizsioner m‘hﬁutﬁ: Dr.
H. Delamater, assistant
commissioner of health.

Dr. Ernest F. Robinson
resident State board of
Hﬁuh; Iir. qug.hﬁ.
lar mamr:.r T
board of health.

D, Millard Langfeld.

Frof. Waite; Mr, John
J. Putnam.

Dr. E. A. Logan.

Prof. Sherwoad: Prof.

Young; Miss Green-
field.

Dy, J. R. Vanatta.

Dr. Murray C. Stone.
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In the collection and shipping of samples other public-spirited
individuals assisted very greatly. Each laboratory received and
examined daily samples from one or more sampling points.

Dr. Delamater furnished the containers and supervised the col-
lection of samples at Kansas City, Mo. The State Board of Health
of Kansas furnished containers for the collection of samples at Law-
rence, Bonner Springs, Kansas City, Kans., Leavenworth, and
Atchison, and the colleetion and shipment of samples were supervised
by the local officials. The interest and cooperation, involving per-
sonal sacrifice, evidenced by Dr. McKee, of Leavenworth, Kans., and
Dr. F. L. Cook, of Independence, Mo., were especially noteworthy.
Dr. Murray C. Stone collected the samples at Jefferson City, Mo.
The collection of samples at St. Joseph, Mo., was made possible
through the hearty cooperation of Col. J. A. Corby, president of the
board of health. Dr. E. Arthur Carr, secretary State Board of
Health of Nebraska, arranged for collection, shipment, and examina-
tion of two samples daily from Plattsmouth.

Dr. Ralph W. Connell, commissioner of health, Omaha, Nebr.,
took a personal interest in the work and secured the collection and
examination of two samples daily at Omaha. The Iowa State
Board of Health agreed to examine one sample daily from Sioux
City, and Dr. E. W. Meis, of Sioux City, supervised the collection
and shipment of the sample.

The examination of samples was made in the laboratories listed
above, and the writer feels indebted not only officially but personally
to the bacteriologists who gave their time to this work and whose
only compensation was the assurance that they were doing some-
thing for the general welfare.

In order to secure uniformity of procedure simple rules were
agreed to and followed by the various workers. The samples were
packed in ice for shipment, and although in some instances this was
unnecessary, it was deemed best to make no exeeption, even if the
time of transit from sampling point to laboratory was short.

It was decided to have the examinations cover total bacterial
counts and quantitative B. coli estimations; the total bacterial
counts to be made on agar plates grown at 37° C.; the B. coli tests
to be made as follows:

Each sample was planted in lactose bouillon fermentation tubes,
using dilutions of 10 ¢. ¢., 1 ¢. ¢., 0.1 c. e., 0.01 c. ¢., 0.001 c. ¢., ete.,
in order to secure a + and — in each set of four or five dilutions.
The fermentation tubes were incubated 48 hours at 37° C. The
B. coli tests were not carried beyond the isolation of typical B. coli
colonies on litmus lactose agar plates. The amount of gas was not
considered, but all tubes showing gas were plated and the combina-
tion of gas + the typical B. coli colony on litmus lactose agar was
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recorded as positive for B. coli. The observations of Frost® and
other workers show that the index of error in such a caleulation is
not great, and that probably more than 95 per cent of such colonies
are sewage bacteria of the Colon type.

The use of agar instead of gelatin, of litmus lactose agar plates
instead of Endo’s medium, and lactose bouillon instead of lactose
bile was determined by considerations of expediency and not because
these media were considered superior. In a cooperative work of
this character, it was essential to select the methods which imposed
the least possible additional work and which workers would carry
out most uniformly.

The results of the laboratory work were collected from the workers
by Passed Asst. Surg. John S. Boggess,” and the interpretation of
these results made in Washington. The total bacterial counts were
averaged by months, and the B. coli content was estimated according
to the method of Phelps.* This method is simple, and, for compara-
tive purposes on the same stream, is sufficiently accurate when a
large number of examinations are made. It gives us in the monthly
averages an index of the relative amount of pollution at various
points in the river.

THE DRAINAGE AREA OF THE LOWER MISSOURI.
PRINCIPAL SOURCES OF POLLUTION.

The drainage area tributary to the lower Missouri River includes
practically the entire State of Nebraska, the western third of Lowa,
the northern half of Kansas, and a large part of the State of Missouri.

In a study of pollution of the lower Missouri River certain facts
are prominent as having an important bearing on the subject. First,
the character of the rural districts is such that considerable animal
pollution is certain to reach the streams; second, the population per
square mile is not excessive, and in many of the rural districts is
decreasing; third, very significant pollution comes from the large
cities, and the population of these cities is increasing.

Dm:mnialrper mnhgn-
Py Fural criaze of population, .
|
State, | tosquare |bopulation | I900-1010,

o L e

Urhan. Rural.

| e e e e | 15. 5 11.5 18.7 +0. G
T R« = 1 e AT e LA ! 40.0 27.8 19.9 —7.2
Kansas.. | 20.7 14.6 39.0 +7.8
5L e e R e e e A e { 47.9 27.8 2.3 —i.5

|

! Frost, W. H.: Hygienle Lab. Bull. No. 78, U. 8. Public Health Serviee, p. 117.
? Passed Asst. Surg. Boggess also arranged for collection and examination of the samples at Sionx City
and of the two samples at Plattsmouth., The writer wishes to express his indebtedness to Dr. Boggess
for his assistanoee.
2 Phelps, Earle B.: A method for calenlating the number of B. coli from the resulis of dilution tests,
Reports and papers of the American Public Health Association, vol. 33, 1907, pt. 2, pp. 9-13,
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The rural population in lowa and Missouri has reached beyond 27
persons to the square mile and is now decreasing. The rural popula-
tion in Kansas and Nebraska is only 14.6 and 11.5 respectively;
hence, the slight increase in rural pepulation is to be expected. Ii
may be accepted, judging by the experience of older States, that the
rural population per square mile will not exceed 30, certainly not for
many years.

The large rural population with the great number of domestic
animals 1s sufficient to contribute to the streams draining this area
a considerable degree of pollution, especially when heavy rains and
thaws wash the surface pollution into the streams.

This rural pollution may be acecepted as inevitable. On the other
hand, the pollution of the streams from urban sources is very great, is

constantly inereasing, iz susceptible of con-

trol, and should be wvery carefully con-
~ trolled.

In addition to the pollution of the Missouri
River by rural communities, there is a certain
amount of pollution from tributary streams
receiving sewage from cities or towns of less
than 5,000 population. *1f these towns are
situated at considerable distances from the
main river, they may be considered in the
same category as rural pollution, because of
the effect of stream flow on the small amount
of sewage contributed. Besides the rural
pollution and distant pollution from these
small cities, there remains to be considered
the most important class of contributors to

MAr 2.—Missouri River drainage the pollution of the Missouri, viz, the large

area T fows showing sewered oities. Some of these cities are growing

rapidly, and in addition to the sewage, have

packing plants which discharge large quantities of wastes into the
Kansas and Missouri Rivers,

Map No. 2 shows the urban population in Lowa which is tributary
to the Missouri River above Kansas City. The distances from the
Missouri River and populations are as follows:

s = —

{ Approxi- i | Approxi-
Cliy, town, or village | Populs- &ﬁt:al;lnm City, town, or village, | Fopula- lmm:?:ul'?-n%
’ 2 | tiom, 1910, Missouri ; ? 3 ! tion 1910, uri
River. | Riwver.
Miles. Miles.
T B, A b e 4,157 o8 || Missonri Valley ... ... 3,187 o)
Cherokes. . ... ..coveevenn. 4, KR4 TN Atlantde. e i | 4, S0 L1
o Lo e SR S R e 2,41 Glenwood . ... ... [ 4,052 15
Bpeneer. ... e 3, DG 125 (| RedOak. . covinvncnnnnaas 4, 830 i 1]
2 b | I - [ e | B B LT 1 T I sl 3,533 Lil1]
Couneil Bluffs, ........... it I FEEERE R ‘Bheoandoah. ... ....naaaae| 4,576 60
Dendson . ....ccveccecninans 3.13% 50

e i . P il P —
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On the Nebraska side of the Missouri there i1s practically no urban
pollution between Sioux City and Omaha. The Platte River drains
a very large territory, but its urban population is small, and con-
siderable distances intervene between these cities and the Missouri
River.

Map No. 3 shows the Platte River with towns of over 2,000. The
urban population and distances from the Missouri are as follows:

A pproxi- A pproxi-
§ Fopula- mate dis- Popula- mate dis-
Cliy, town; or village. tion, 1910. tnm City, town, or village. tion, 1910. mﬁggaﬂr?l
River. River.
Miles. Milex.
Broken Bow.............. 2, 260 25 || DavhdCity.oooon ool 2177 70
Loeximgtom. ... ..o 2,059 215 || Wayne........ 2,140 125
17071 T f, 202 188 I Fremomnk. . - c.caneiainses B, T18 i
Grand Island. .. ....._... 10,326 | 150 || Lineoln........... iy 43,073 a5
Gentral City .. ........... 2,428 | 125 || Plattsmonth........ ] 4,287 0
i
“'\.
'\.\‘
LS wayNE SO
H '-\1 '%i-
~ U\
'n._‘. e |
' =
J P
‘l.l e
%
£l
AROKEN A o
Bov R Hﬂr@ 0
AW '
CITY S
AL e ————
CEN _"___,..- 5
p{# > ,./ BAN D - .-"""’
‘l\..‘ j5e J'
o 3 'F.E%Gr '
. [E] ORLAR 5 -.ff
a \', = -I“'.'
16 tmch — 40 1ided

Mar 3. —PFPlatte River drainage area showing sewered towns.

South of the Platte the tributary streams on the west bank of the
Missouri River are small and unimportant until the Kansas River is
reached. The Kansas or Kaw River drains a large territory, includ-
ing a part of southern Nebraska and the entire northern half of Kansas.
The pollution of the stream is little more than rural pollution in the
western half of the watershed.

Map No. 4 shows the relation of the cities and towns to each other
on the Kansas River watershed,
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The following table gives the urban population and the approxi-

mate distances from Kansas City:

L < s
City, town, or village, ﬂEﬁpl}%;} tgnﬂ;:a from City, town, or village. tion. 1910 L;nnl:m fl':]sl';l
2 3 Mizsourl F " | Missourl
River. River.
Miles. Miles,
Hastings, Nebr........... 9, 538 260 || Abilene, Kans............ 4,118 150
S | R ] SR e SR 6, 235 240 || Junetion, Kans. . ......_.. &, 508 130
Fairburg, Nebr........... 5,204 185 || Manbattan, Kans......... 5,722 110
Beatrics, Mebr.... .. ... .. 0, 356 1856 || Horton, Kans. .. ... ...... 3, GO0 90
Baloit, Kana._ ... ... ...... 3,082 210 || Topeka, Eans. ........... 43, 684 i1}
Coneordia, Kans. .. ....._. 4,415 190 || Lawrence, Kans. ........ 12,374 4
Salina, Kans............ 9, 658 170 || Olathe, Kans............. 3,272 a8
: ,..-""“‘x‘
- -r"# ‘1\.
L o 5 . W 11\. _.__.-"
\\ ", g :‘ Py
Seaa, uennt HASTINGS ~‘fl
T aianct
BEATRIC : )
.I"F e ; I 9 ,:
N Ty /
. ’.’//_/ ; ST Josten
o
e FrERTSON
I,;:‘:, BEINT R P
EAFENWESTA
e TN G ANt
Ty ' ;
‘\___‘v = FUNET IO i 8
_qp_a‘s - j“m A Ad l'E'"I rl._‘_'_.._.-——J—a—..".--"-—*-"“‘I“'—---,E:"'l.
Wasriodt me F vmaded

Mar 4.—Drainage area of ithe Kansas River showing sewered towns.

Thus the eastern part of the watershed receives a considerable
urban pollution, especially the last 110 miles from Manhattan to
Kansas City, Kans. The last named city is the worst offender,
because of the very great pollution contributed by the packing plants.

Map No. 5 shows the tributary streams on the north and south
banks from Kansas City to the mouth of the river at St. Charles.

The following table gives the urban population and the approxi-
mate distances from the Missouri River:
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Approxi- Approxi-
City, to fllag Popula- | melefs || e ¢ flla Popula- | Giite f
v, town, or v B, m ¥, town, or village, rom
tion, 1910, Missonrd tion, 1010, Missouri
Riwver. River.
Waorth of the river: Miles, South of the river: Miles.
EL s P S 2,080 10 Bedalin........- 17,822 30
Richmond............ 3, G064 10 Mershall.............. 4, 560 a0
Columbin. ... 100 9, 662 12 Nevada............... 7,176 150
1] e PR 5, m 15 Warrensburg . ..._.... 4,650 &0
Marysville............ 4, 762 75 Fart Boott. . ........ 10, 463 17
Trénton...... 5, 56 0 Oespwattomie. . ...... 4, M6 190
Chilllcotha . . ......... 6, 205 40 i) IS 7,650 210
Mobary . o 10, 923 a5

For these reasons the sewage pollution contributed to the Mis-
souri by Plattsmouth, Nebraska City, Lexington, Boonsville, Jeffer-

I

] &
i f ] : 2
W e T,
| 7 L | Hiler ; K
Il - o Filya o l___-" =, 3
el (7 ﬁj %
L ! 4
y Y / i \ "
1- I' W Kl/ Fuf i \"\. 1
"".lL 3 ! i : .
..‘-. i -. N ‘ .\‘!. -. ’ [ ."
| N 7YY 1".: G, .
i X phi - CpATAE -
.\.ﬁtlﬂ:rm s A L id ‘ sRdok m HP““W" f,:_
.-lﬂ.‘m F ,"::L o ‘F*‘ F : “a,
A P b )iu.’ﬂﬂ#kﬂ' =
L5 i [ ST A il e
T — S0 RN e o i
[ a =W e G
LLPE N 5 T . =
. ; et ~._‘ : ST CHARLES
4 _.:‘.' J‘ﬁ‘ ) ™ i ) “"\‘ i
. P P ‘"'-r" ad ".. !.-- "~y rolwgl ol i ot =
| I A el o,
i 5 a8 1 K3 TEF A e “_." 1 I__.l -
PPTeee i Y ; J':I - =
\..';:r ‘\, .‘r ‘.;_.. - 5
S s 1 e
11 v b 1
'Enldoi. -fﬂalﬁlﬁlki_,.--,_‘ : b : £ W iHoen

Mar 5. —Drainage area of the Missouri Rh';er in Mizsourf and a portion of Kansas, showing sewered towns:

son City, and Washington is not a very serious addition to the inevi-

table pollution which reaches the river from rural sources.

The

same is true of many of the small cities situated on tributaries

within 50 miles of the river.

The pollution carried by these tributaries from Le Mars, Missouri
Valley, Olathe, Liberty, Richmond, Marshall, and Warrensburg is
negligible eonsidering the size of the towns, the long stream flow, and

the dilution effected in the Missouri River.

A large amount of pollu-

tion i1s received into the Platte and Kansas Rivers from Lincoln,
Fremont, Topeka, Lawrence, and other cities.

91318°—13——2
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Population of cities on the Missouri River.

!Ji'-sta-nﬂa Diiﬂl:ﬂ-l]ﬂﬂ

Tam rom
City . 1910 100K mouth City. 1910 1500 mouth
of river. I of river.

i Miles. Miles.
Bloux City.........| 47,828 | 33,111 8074 [l Kansas River. ... . .....co0a)iicinnnnn 302.0
Council Bluffs.....| 20,202 25, 802 650.38 (| Kansas City, Kang | 82,331 f1, 418 301.%
Omahs.....ccoea.a] 124,008 | 102, 555 63 8 || Kansas City, Mo_..| 2438 351 | 163,7 300.7
Bouth Omaha...... 24, 250 26, 001 G560 || Lexington......... 5,242 4, 190 322.0
Nebraska City. .. .. 5, 488 7,380 607.7 || Boonsville. ........ 4,252 4, 377 205. 8
0o Ti s e e (SRR R | SRS 635, 0 || Jeerson City...... 11,850 » B 151.3
Plattzmouth. ...... 4, 287 4, P4 GHL 5|l Osage BIVEr.. .. ... [cceecanraafisanseneas 141.7
Bt Josoph....ceuea..| 77,408 | 102,070 478.0 || Gasconads River.. |.....coocadivcinnnn.. 110
Atchison........... 16, 420 15, 722 Hi 8 Washlzﬁ“@ ........ 3,870 ! 3,016 7L.4
leavenworth......| 19 363 20, 7356 421.8 || Bt. Charles......... 9, 437 T, 082 28.0

SE e S—— S = = e = x = e e e =

Population in 1900 and 1910—Places within 50 miles of the Mizsouri River.

City, town, or village. 1910 1904 City, town, or village. 1910 1800
LaMars Jows. . .. ccicusennea 4,157 4,148 || Liberiy, Mo. ... . .. ......... a 2,407
Hlsmurf\-‘nll&j', Towa. ..ccues 3, 187 4,010 || Independence, Mo, .. ......... g, 850 fi, 974
Glenwood, Iows. ....ovvnenean 4,052 3,040 (| Richmond, Mo. .............. 3, 664 3,478
Fremont, Nebr............... 8,718 7,241 || Columbia, Mo. . .............. 9, 6 5,851
Liocoln, Nebr. .. .-.ococceea| 43,078 40,160 || Fulton, Mo. ... .. .. . . ... 5,28 4, RE3
Falls Gity, Nebr.....coonnauss 3, 255 B.022 || Bednalln, MO.....oorereneanns 17. 822 15,231
Qlathe, KADE. ... ..ccntannins 3,272 8,451 (| Marshall, Mo. . ....conivnnnnns 4, 560 5, 086
Lawrence, Kans.....c.co.eeae. 12,874 10, 862 ‘-'-’nrmmimrm Mo e 4, 650 4,724

—

The greater part of the urban pollution is probably contributed by
the cities situated directly on the Missouri River. The towns situ-
ated on the tributaries are, as a rule, so much smaller, and at such
distances from the Missouri, that it is quite probable that their sew-
age has no appreciable effect in inereasing the pollution of this river.
Indeed, it is more likely that the tributary streams generally, with the
exception of the Kansas River, although they carry a certain amount
of sewage from small towns, are relatively less polluted than the
Missouri, and hence tend to decrease the pollution of the latter by
dilution rather than to increase it.

Obviously the most considerable urban sewage pollution takes
place between Omaha and Kansas City, Mo., where, within a distance
of approximately 265 miles, the river receives the sewage of Omaha,
Counecil Bluffs, Nebraska City, Plattsmouth, St. Joseph, Atchison,
Leavenworth, Kansas City, Kans.,, and Kansas City, Mo., these
cities having an aggregate population of over 600,000.

RESULTS OF BACTERIOLOGIC EXAMINATION.

The examinations of water as outlined in the preceding section
were made at 19 different sampling points; 973 samples were exam-
ined by the various laboratories, as follows:

Kansas State Board of Health............. T B e e i TeTE i e A S e S 339

Kansas City, Mo., Hospital and Health Board..... ... . .. ... .io.. ... .. 238
&t. Joseph, Mo., City Health Department. .. ...c..cioiiiiiiiiiircmacionennnnss 159
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Omaha City Department of Health: . ...ooo 0. civniiiiiivndisarimisiveaiys 100
Mnbrasion: Biste Board of Flealthi oo -0 v cuc i o ine i i e e T (it
ot Biate Boardsof Bealth o oo tis e i e b g b e 50
Towa State Board of Health... .. A T e e e S et S e e 25

LT [ i B B e o S S I e e LI N P 973

The complete detailed results of these examinations are published
in the appendix. For convenience in considering these results,
monthly averages were struck, and the following table shows aver-
ages at each sampling point for the two months June and July, 1912:

Tris- Jumne. July.
tance <2y [ £
immt % A
REAres ; Average - vi
sam- Sampling point. Average | Number | " ooff | Average | RRMbEr | T ool
p‘;lnﬁ total los |PErcubic| tota las | Por cubie
inf count. tn]?ken eieriti- count. tp centi-
above. * | mueter. meter.
Miles,
0 | 1. Bioux City...q». e e R ST e e I R 25 56
140 | 2. Omaha, above city. ... ... ... 5,432 24 o i, 260 24 250
41 3. ﬂmaha hﬂlawclty ........... 10, 087 24 | 156 11, 534 24 | 452
ag |4 Platismouth, Plaite River. . 0, 638 ] PR (R0 24 38
5. Platismouth, Missourd River.. 0,335 Tl s ] A0 860 24 114
fi. 8t. Joseph, a.fmw.acuy §,074 pos 255 | 11,322 3l 162
150 |47, 8t. Joseph, below city.. 10, 430 3 311 21,519 31 364
. Bt. Joseph, below par:k.mg ;
e e R i, 02 n 18,882 54, 570 i1 25, 58T
0 Atchison, abovecity.......... 21,430 13 307 20, 613 25 323
10, Atchison, below eit: 5- 76,370 13 203 | 41,235 a5 220
95 l it Imvﬁnw:}rm ahove eity. . 16,111 17 207 27,636 b an1
. Leavenworth, balow oity... a0, D58 17 301 21, X4 s 312
0 . Kanses River, Lawrenes. ... ll 644 18 284 18, 4 27 140
20 | 14. Kansas River, Bonner Springs 1-I 500 15 70 24,772 27 363
20 | 15. Kansas River, Kansas City..| 120,518 a3 2,006 | 63,222 0 2,214
b ] lﬁ. Hmmu'l Rimr, above Kan-
.................... 57,100 a3 129 | 24,000 bt 240
10| 17 mmu:mim,beluw Kansas
178, 258 33 1,662 | 47,0686 2 2,517
12 | 18, Miss:mrl H.-Ivm‘, Ind-a]lmd-
L - 21 820 | 32,290 9 B34
230 | 19. Missouri River, Jefforson City | 27,400 25 146 19, 428 2 Lt k)

In addition to the bacteriological examinations, the Kansas State
Board of Health also made chemical examinations of samples from
the Missouri River at Atchison and Leavenworth and from the Kansas
River at Lawrence, Bonner Springs, and Kansas City, Kans. These
examinations were made by Mr. Young at the water and sewage
laboratory, Lawrence, Kans., and will doubtless be the subject of a
special report by the State Board of Health of Kansas. The data
~ on the Kansas River are of especial interest and value beeause of the
gross pollution of that stream by the packing plants and sewage at
Kansas City; for this reason the results of chemical examinations
are also included in the appendix to this report.

It was not possible to get samples at all the desirable points; in
fact, the writer was compelled to accept such points as the local
authorities were able to cover. As a result several intermediate
points of considerable value in showing the effect of stream flow on
pollution were left uncovered. The points were selected, however,’
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as far as possible, to show the maximum pollution at each place and
the effect of the natural agencies of purification operative in a given
number of miles of stream flow.

The average bacterial count at Sioux City (sampling ]:-nmt 1) in
July was 35,320. The samples were taken below the sewers of the
city, and the average B. coli content per cubic centimeter was 56.
The average total bacterial count at the next point, Omaha, a dis-
tance of about 140 miles below, is only about 6,000. On the other
hand, while the total count is greatly reduced, the B. coli count
above Omaha (sampling point 2) is higher than at Sioux City. The
maximum pollution of the water at Sioux City is probably nulli-
fied by & much lesser distance than 140 miles, and the increase in
B. coli above Omaha is due to local fecal pollution from near-by
sources, probably from the sewage pollution of Mill Creek and other
sources mentioned by Lumsden.!

The samples taken in the Platte River above Plattsmouth (sampling
point 4) show that the Platte probably does not increase the pollu-
tion of the Missouri. The B. coli content in the Platte was 38 per
cubic centimeter lower than at any sampling point on the Missouri
River.

The three sampling points (sampling points 6, 7, and 8) at St
Joseph were placed one above the eity, one below the principal city
sewers, and the third still farther downsiream just below the pack-
ing plants.

The first sampling point above the city was 180 miles below Omaha
and about 150 miles below the mouth of the Platte. The amount
of sewage directly contributed between Omaha and St. Joseph is
negligible, and the pollution of the water above St. Joseph is largely
from rural sources. The B. coli content below Omaha was 452
per cubic centimeter in July and above St. Joseph 162 per cubic
centimeter. In June an average B. coli content of 156 per cubic
centimeter at Omaha was exceeded at St. Joseph, which had an
average of 250 per cubic centimeter. This suggests that the B. coli
content in the Missouri River is high independent of the sewage of
cities, and that if the city sewage was excluded the bacterial count
and B. coli content would still be such as to demand very thorough
purification.

The effect of the city sewage on the bacterial counts and B. coli
content is very constant in both June and July, the B. coli content
rising to over 300 per cubie centimeter in each month (sampling
point 7). Even more striking is the effect of the pollution from the
packing plants. This factor, besides enormously increasing the
total count, grently increases the B. coli content per cubic centi-

— ==

1 L.umsdan. L. L.: Hyglenic Laboratory Bulletin 72,
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meter, which was over 18,000 in June and 25,000 in July. This
maximum pollution at St. Joseph is reduced in 30 miles of stream
flow to about 300 B. coli per cubic centimeter, as shown by the
counts above Atchison (sampling point 9). The sewage of Atchison
seems to have no effect in increasing the B. coli content.

The samples below Atchison (sampling point 10) show an increase
in total count, but a slight deerease in the B. coli content.

The average of about 300 B. eoli per cubic centimeter is main-
tained in the samples both above and below Leavenworth (sampling
points 11 and 12). Sampling point No. 16 was at Quindaro, about
23 miles below Leavenworth, and 7 miles above the mouth of the
Kansas or Kaw River. The samples taken at Quindaro showed a
decrease in the B. coli content in both June and July as compared
with the Leavenworth samples.

The samples taken from the Kansas River at Lawrence (sampling
point 13) had 140 B. coli per cubic eentimeter in July and an average
of 284 per cubic centimeter in June. Bonner Springs (sampling
point 14) showed a higher B. coli content, there being over 360 per
cubic centimeter in both months. The maximum pollution of the
Kansas River is near its mouth at Kansas City (sampling point 15).
This is due to the sewage of Kansas City, Kans., and a portion of
Kansas City, Mo., but especially to the wastes from the packing
plants. The samples were taken a considerable distance (about 1
mile) below the worst sources of pollution and showed an average
total bacterial count of 120,000 and a B. coli content of 2,006 per
cubie centimeter in June. In July the total count averaged 63,000
and the B. coli content 2,214 per cubic centimeter.

The pollution shown at sampling point 17, below the principal
gsewer outlets of Kansas City, Mo., is due to the combination of
polluted water from the Kansas River and the sewage of Kansas
City, Mo.

The total bacterial counts and the B. coli content per cubic centi-
meter are very high below Kansas City's sewers, and, in July, the
B. coli content averaged 2,517 per cubic centimeter.

Samples taken at the waterworks station, Independence, Mo.
(sampling point 18), about 12 miles below Kansas City, show the
effect of 12 miles of stream flow upon the grossly polluted water at
Kansas City. The distance is too short to effect great purification,
considering the enormous amount of wastes discharged into the
stream at Kansas City, but an appreciable purification is effected.
The baeterial count is reduced and the B. coli content drops to an
average of about 800 per cubic centimeter.

Sampling point No. 19 was located at Jefferson City, Mo., and rep-
resents Missouri River water, with the almost unavoidable rural pol-
lution. The urban pollution probably plays little part, since Kansas
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City is 240 miles upstream and the nearest source of direct sewage
pollution is Booneville, about 54 miles above. In the stream flow
of 240 miles the bacterial counts and B. coli content approach the
condition of Missouri River water at Leavenworth or Quindaro.

It is likely that this degree of pollution, which seems to be normal
under existing conditions (about 300 B. coli per cubic centimeter),
is reached in much less than 240 miles, but it was not feasible to
secure samples between Independence and Jefferson City.

The B. coli content is a more reliable index of sewage pollution
than the total bacterial count. The two indices very often show a
striking parallelism but are not always in accord. In the following
charts (10, 11, 12, 13, 14, 15, 16, and 17) both bacterial counts and
the B. coli content per cubic centimeter are illustrated. If dedue-
tions may be made, they would be based on the B. coli content. In
June the normal B. eoli content per cubic centimeter was about 150
per cubic centimeter, as evidenced by the average counts at Omaha,
Quindaro, and Jefferson City, and in July from 250 to 300.

These samples were taken at points many miles below any source
of urban pollution. Considering the enormous stream flow avail-
able for dilution and the remarkable quality of sedimentation
which the Missouri River possesses, the high B. coli content at such
points can not be attributed to city sewage.

The following table from the reports of the United States Geolog-
ical Survey shows the enormous stream flow of the Missouri River:

Monthly discharge of Missouri River at Kansas City, Kans., for period Apr. 1 to Dec. 81,
1905, inclusive.

[Drainage area, 492,000 square miles. )

DMischarge in second-feet,
Months.
Maximum. | Minimum. | Mean.

April. B4, 800 &, GO 45, U0
e P T S 135, 3 44, TOO 81, 170
T i e e e Gl e e B i 145, Six) 7, T00 111, 800
July..... 236, 00 i L0, SO0
A b 105, S} A, 150 71, 740
Beplember LS, (a0 30, 700 71, 00
CiptnbeE. o ik e T P e L e e e 44, 680 . 350 35, 560
Movember 54, 500 30, 350 38, 520
December 42, 450 16, 250 25, 760
T g b e e R L S S, e e e et 236, 000 1L i [ R

During June, 1905, the mean stream flow was 111,000 cubie feet
per second and in July 150,000 cubic feet per second. During June
and July, 1912, it may be presumed that the volume was about the
SHIme.

The turbidity of the Missouri River is very great, turbidities of
3,000 to 8,000 parts per 1,000,000 (silica standard) being not uncoms-
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mon. The enormous quantity of suspended matter undoubtedly
serves as a purifying agent as sedimentation takes place.

In view of these ecircumstances the sewage of small urban com-
munities of less than 5,000 people can not have a marked effect upon
the character of the Missouri River water for more than a few miles
beyond the sewer outlets. Yet at Jefferson City, 240 miles below
Kansas City and 54 miles below Boonville (which has less than
3,000 people tributary to sewers), a B. coli content of from 150 to
300 per cubic centimeter was found. The most logical explanation,
and an inference which is unavoidable, is that the high B. coli count
in Missouri River water is due largely to the washings from the
rather populous watershed. “Populous” is used here to indicate not
only human beings per square mile but also cattle and hogs. Inde-
pendent. of city sewage, the tributary streams and the Missouri
itself receive in flood times the washings of manured fields, grazing
land, and hog farms, as well as the washed-out contents of privy
vaults, cesspools, and small sewerage systems.

SIOUX CITY, IOWA.

Sioux City, lowa, grew from a small eity of 7,366 in 1880 to 37,806
in 1890. It suffered a loss in the next decade, registering 33,111
inhabitants in 1900. During the past decade the city has had a
substantial growth, and in 1910 had a population of 47,828. The
importance of Sioux City as a center in interstate traffic may be
expected to increase. There will also be an increase in the amount
of pollution which it contributes to the Missouri River.

SEWERAGE BSYSTEM.

The sewage of Sioux City is discharged into the Missouri River by
four principal outlets at the foot of the following streets: Water
Street, Nebraska Street, Virginia Street, and Court Street.

The largest discharge is at Court Street, and this amounts to
about 40 per cent of the total sewage discharged directly into the
Missouri. The Floyd River receives sewage from three outlets of the
city sewerage system and also the sewage and wastes from the
stockyards. The Floyd River discharges into the Missouri at the
foot of Clark Street, about four blocks below the Court Street sewer.
Sioux City is a well-sewered city, but there are more than 1,000
privies in use.

WATER SUPPLY.

. The public water supply of Sioux City is from deep wells and its
security from pollution is conceded. However, it is one thing to
have a safe water supply and quite another to have all the people
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use it. As in other rapidly growing towns, there are about 1,000
shallow wells which must be regarded as questionable sources of

supply.
TYPHOID FEVER IN SIOUX CITY.

Following are the number of deaths from typhoid fever occurring
in Sioux City as shown by the death certificates on file at the office
of the secretary State board of health:

Taotal

Monih. 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | by
months.
January.. . 0 0 1 2 ai 0 0 8
February. 0 1 | i 1 1 1 5
T R A R e ey 0 ] ] 1] 1 i i 1
75 1 | e st gt (e St e il s T 1 1] ] 1] 1] 1 ] 2
BY. . 1 0 1 2 1] 1 1 (i
June.... ] 1 1 i 1] 1 1 ]
{1y e 0 ] 0 1 1] 1 i &
August. . 3 1 1 2 1 2 3 13
FepRA i e L e e e R 1 0 1 ] b 0 1 el
Oetober., . 0 2 1 a 3 3 1 12
Nowvember 0 2 ] L] 0 4 ] L]
I o] R e My O e U e 4 1 1 3 2 1 1 13
b e TH | e e T I | 8 A 12 m| 16 TR PR e

The rate was comparatively low in 1901, 1903, 1904, 1905, 1906,
and 1907. It was excessive in 1900, 1902, 1908-9, and 1910. In
1911 the death rate fell to 20

5 H qermAls el Hevvowd Mass,

Toowas Foen Dcamns pea 106000 ar veans per 100,000. Monthly statistics

S e et were not available before 1905.

= T The high rates for 1908 and 1909

. s were due to an excess in De-
A a

+ - ! \{ cember, January, and May,

‘J‘l f"\\ FaX / N 1908 ; December, January, Feb-

“Vj- Pl ruary, and March, 1909. In

“ = v 1910 the execess was not in the

R Tz winter and spring months; 1911,

s with a low rate, presents a ty-

;*'%%_ _____ phoid curve resembling that of

cities with safe water supplies.

If water plays any part in ty-
phoid transmission in Sioux City, as suggested by the seasonal pre-
valence in 1908 and 1909, it is probably water from private wells or
other questionable sources. With its excellent public water supply
and the elimination of privies and shallow wells, Sioux City should
effect a marked reduction in typhoid fever rates.

Chart 1 shows typhoid fever rates in Sioux City since 1900 com-
pared with Holyoke, Mass. The Sioux City rates since 1901 are
consistently higher than those of Holyoke. The public water supply
of both cities is conceded to be safe. Only an intensive study of
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loeal conditions can show definitely what factors are responsible for
the higher rate in Sioux City. There is no reason why Sioux City
should not discover and correet these defects and bring the typhoid
fever death rate down to 10 per 100,000 or less.

COUNCIL BLUFFS, IOWA.

Couneil Bluffs has had a steady though not rapid growth since 1880,
The population in 1910 was 29,292,

SEWERAGE SYSTEM.

The existing sewerage system of Council Bluffs is not extended over
the entire city. A large part of the eastern portion of the city is
sewered and this system discharges into Indian Creek at Nineteenth
Avenue. Indian Creek discharges into the Missouri River about 2
miles below the Union Pacific Railroad bridge. The western half of
the city is largely unsewered. The country is flat and there is prob-
ably not sufficient grade to carry sewage to the Missouri, and pumping
may be necessary. The city officials are now working on this problem.
There are thousands of privies in use at present, and these can not be
eliminated until the sewerage problem is solved.

WATERWOREKS

The public water supply is derived from the Missouri River. The
water is subjected to short storage and treated with alum. In May,
1910, the use of hypochlorite was begun and is still being used. The
public water supply does not reach all the people, and it is estimated
that there are over 2,000 shallow wells in Council Bluffs.

TYPHOID FEVER.

Statistics of typhoid fever deaths in Council Bluffs are available
since 1905. The typhoid fever death rate was excessive in 1909 and
1910, and in 1907 was above 20 per 100,000. In the other years the
rate was low.

The high rates from 1907 to 1909 and 1910 were due to an increase
of deaths in the winter and spring months.

Deaths per 100,000, typhoid fever.

Year. I Deaths, | Y ear. Deaths,
1 | —
D et e S e e = T T | BT T TSR R e R R 13
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Deaths, typhoid fever, by months, 1905 to 1911.

Year. Jan. | Feb. | Mar., | Apr. | May. Ju.n&.'i'.luiy_ Aug. | Bept. | Oct. | Nov. | Dec. E;ﬁ‘ﬂ?
T e i (e B T e e |t - [, 5
B o s Bl i b RE] st A R R YR ik e T e 1
I R 1 2 T R K b e aste || el gk, [ 2 &
T R e, Wi e 4L Velives el Ll e Ol jain | B i 1 4
SR s e S SR e 1 s A 1 1 [ B i 3 8
1910.... 2 3 a | R 1 sl TR o] e e | R 2 i4
1911, g B et R e oy e e 2 i

Total........| 4 5 4 5 1 11 1 2 5 0 (T

Chart No. 2 shows the difference between the typhoid curve for the
years with low rates compared with the curve for the years with high
rates, The former (solid line) has a very low rate for the winter and
spring months, and the latter (dotted line) has a low rate in summer

Cowsoci Buwres, [a and autumn and very high

Tuphord Feven, Total ahaths by romenths rates in December, January,
fum [ Fid | Man | A | My | o L fudy | bng | S | et |t | Do Fe“t:-ruary, March, and A]Jl'ﬂ
! r ; The curve for the years with
¢ i~ high typhoid rates is very sug-
L +—{  gestive of water-borne infection.
. ;I KN Jﬂ\ ' After the outbreak in the winter
o i E ' of 1910, hiypochlorite treatment
2 "-‘L | T ;7.2 of the water supply was begun.
. B 2 et S u‘,* Since that time (Apr., 1910, to
vy e e e Dec., 1911) the typhoid rate
P Y e T — has been very low, in 1911 being
SRAN A, only 13 per 100,000. Water-

borne typhoid in cities of this type is not entirely due to the public
supply. It may be largely due to contaminated wells. There are
over 2,000 of these shallow wells in Council Bluffs, and these, together
with the thousands of privies, must be considered a great menace to
the public health.

The treatment of the water supply with hypochlorite was a step in
the right direction, and its continuance, and the gradual elimination
of the shallow wells and privies will do much to insure low rates for
typhoid fever in the future.

OMAHA, NEBR.

The city of Omaha had a population in 1910 of 124,000. A com-
prehensive survey of sanitary conditions in Omaha was made in 1910
by Surg. L. L. Lumsden, United States Public Health Service,! fol-
lowing the typhoid-fever outbreak of 1909-10. In order to avoid
duplication, I shall omit much of the sanitary data which were
presented by Dr. Lumsden in Bulletin 72.
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SEWERAGE SYSTEM.

About 80 per cent of Omaha’s population is provided with sewers
and the remainder still use privies. The sewers discharge into the
Missouri River by seven outlets. In addition, there is one outlet
into a ereek. The sewage discharged into the creek is treated first
in a septic tank.

WATER SUPPLY.

The water supply of Omaha is derived from the Missouri River.
Since the outbreak of 1909-10 the supply has been carefully treated.
The water is very turbid, and a series of basins allows for sedimenta-
tion of much of the suspended matter. In thesecond basin the coagu-
lant (alum) is applied. Since 1910 hypochlorite has been used as an
adjuvant with excellent results. There is total storage capacity
for less than one day’s supply, but the result of sedimentation with
the use of alum and treatment with hypochlorite without filtration
seems to be effective, judged by bacteriologic results.

TYPHOID FEVER.

Typhoid-fever death rates in Omaha have fluctuated from 11.5 in
1903 to 86.7 per 100,000 in 1910. As a rule, they have been below
30 and frequently below 20 deaths per 100,000. TIn 1910 there was
a very ususual prevalence in winter months.

Deaths from typhoid fever reported by months in Omaha.!

. s Total by

Month, 15015 100G 1007 1008 | 1905 1910 1911 14912 tha.
L n e R S | 2 3 1 1 4 (] 1 19
Do in et S S SR - 3 2 | 20 1 1 30
T TR S 4 2 1 2 i 27 2 I 40
.:‘pril ...................... 1 ] 4 Rk 4 ] b ] o0
P LT BT e frt i 2 Tel e Sl UabEst Ty (i T [ 10
T o ) SR SRR 3 3 1 1| 3 ] JHizEN S 15
T - IR e R 1 1 1 1] 2 3 - R 11
T T A e e R ] Bt 1 bl 3 10 R 18
Beptombar. . ........... i 2 2 i i 13 ] e TR 4
Oetober. 2 i 4 1 ] ] 1 LI S 25
November 2 4 3 2 2 4 1 [ B 18
Trecambar. ... iacaianss 1 i 4 9 i1 2 1 1 SR 32
Total, by years...... 21 28 85 26 | a7 | 110 1] |t el [ e T

)

e —— e mar—

i These figures were obtained from local records. The total for the yvear in some instances does not
coincide with the rates given by the United States cénsus. No monthly records were avallable from the
United States census reports, so that in spite of apparent discrepaney it was necessary to use these local
records of deaths by months in order to estimate seasonal prevalance,

The typhoid-fever history of Omaha was fully discussed in
Hygienic Laboratory Bulletin 72 by Surg. Lumsden. Speaking of
the outbreak of 1909-10, he says:

Water—The unusually high rate of prevalence or onthreak of typhoid fever in Omaha
during the period extending from about November 25, 1908, to about March 25, 1910,
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was beyond reasonable doubt caused by infection in the water supply obtained from
the Missouri River. Some of the points in the evidence on which this conclusion is
based are as follows:

(a) The river water obtained at both intakes was polluted to a dangerous extent
with sewage.

(5) The results of the bacteriologic examinations show that during the period in
which the outbreak was caused the treatment of the water, previous to its distribution
to the city, by storage and by the use of a coagulant was not efficient to render this
water rensonably free from dangerous pollution.

(¢) The vast majority, over 95 per cent of 103 cases particularly investigated, were
in persons who during the 30 days prior to onset of illness used as the sole, principal
or occasional source of water for drinking purposes the unboiled and unfiltered tap
water as supplied from the river through the city water system, and besides this water
there was no factor common to the majority of the cases which could reasonably be
considered as having been concerned in the production of the disease,

(d) There was a parallelism between the oceurrence of certain unusual climatie
eonditions which particularly affected the river water and the unusual prevalence of
typhoid fever, which very strongly suggests a relationship of cause and effect.

(¢) Reports from a number of other cities for the period in whichthe outbreak at
Omaha occurred showed that in those cities which were using water from the Missouri
River the typhoid-fever rates generally were unusually high, while in cities neigh-
boring these but using water from other sources such as wells, springs, lakes, ete., the
typhoid-fever rates generally were not unusually high.

(f) Among persons who habitually used for drinking the water distributed from the
Burnt Street station—which water in the winter of 1909-10 was exposed to greater
sewage pollution than it had been in any other winter for cerfainly many previous
years and to relatively more sewage pollution from near-by sources than was the water
distributed from the Florence intake—the disease appeared to prevail at a rate which
was disproportionately high.

(9) The time of occurrence and the extent of the outbreak point to the water supply
as the source of the infection.

(k) The results of the investigation eliminate, bevond reasonable doubt, all possible
sources of infection other than the water supply which could have been responsible
for an outbreak of such character.

Since the outbreak in 1910 and the installation of the hypochlorite
treatment there has been marked improvement in the typhoid fever
rate. There were 6 deaths in January, 1911, but during the rest
of the year only 16 deaths oceurred, and the yearly death rate from
February 1, 1911, to February 1, 1912, was only 13.7 per 100,000.
High rates persisted throughout 1910, and the high rate in January,
1911, may be, perhaps, considered as a result of the 1910 outbreak.
Yet, including January, the entire year 1911 had the lowest rate
since 1903. (See chart No. 3.)

SOUTH OMAHA, NEBR.

South Omaha had a population of 26,246 in 1910. It is a city which
owes its existence to the meat-packing industry. About 80 per cent
of the population has access to sewers of the combined type. These
discharge by four outlets into the Missouri River. South Omaha
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not only contributes its house sewage to the Missouri, but the enor-
mous quantities of organic wastes from the stock yards and packing
plants are also contributed.

ST. JOSEPH, MO.

St. Joseph is a flourishing city with great meat-packing industries.
Its population has shown some remarkable fluctuations. In 1890
it was credited with 52,324, In 1900 it was alleged that the popula-
tion had reached 102,979. The 1910 census showed 77,403. It is
not improbable that the 1900 census exceeded the actual resident
population, and that the decrease in the past decade was more appar-
ent than real.

SEWERAGE SYSTEM.

The sewerage system is of the combined type. There are about
100 miles of sewers emptying by 14 outlets into the Missouri River.
These vary in size from 15 inches L
to 171 feet in diameter. About [ Rake Fwr Drath rate por 100000 by yravs 1900 =190
three-fourths of the population [ s e s joe met e o o e o
have access to the sewers, the re- :
mainder depending upon privies.
Below the last sewer outlets, the
wastes from the packing plants
are discharged into the river.

|
1
i
|
1

WATERWORKS.

The public water supply of St.
Joseph is taken from the Missouri
River, by two intakes, 24 and 36
inches in diameter, respectively.
It is pumped to a 3,000,000-gallon
basin divided into two compart-
ments. The first compartment
acts as a mud basin, and much of
the turbidity is lost before the
second compartment is reached.
Alum is applied in the second compartment. A 36-inch conduit
conducts the water to another 3,000,000-gallon basin, which is suffi-
ciently high to deliver the water to the filters by gravity.

There are 14 filter units each of 700,000 gallons capacity in 24 hours.
The filter units are of the rapid sand type. From the filters the
effluent is carried to a clearwater basin of 1,250,000 gallons capacity.

IFrom the clearwater basin the water is pumped to reservoirs
having 16,000,000 gallons capacity, 327 feet above the river and
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delivered to the city by gravity. Hypochlorite of lime is applied
before the water is pumped to the high reservoirs. In addition to
this system there is a reserve reservoir in the city of 3,000,000 gallons.
The daily consumption is about 7,500,000 gallons. Many shallow
wells still exist in St. Joseph, especially in the lower portions of the
city near the river. It is estimated that there are 2,000 of these
shallow wells.

TYPHOID FEVER.

From 1901 to 1908, according to recorded statistics, St. Joseph had
consistently the lowest rate for typhoid fever of any eity in the United
States.! During this period the annual average death rate per 100,000
for typhoid fever was only 12.5. In 1909 the rate was higher and
in 1910 reached 38.8 per 100,000. Typhoid fever was unusually
prevalent along the Missouri River in the winter of 1909 and 1910,
and the rate in St. Joseph was unusually high in January, February,
and March, 1910.

The water purification plant is capable of furnishing safe water
at all times. It must be remembered that there are a considerable
number of shallow wells in St. Joseph. Intimes of heavy rain, thaws,
and floods these become contaminated, and the board of health
traced many cases to these wells in 1911.

ATCHISON, KANS.

Atchison had a population in 1910 of 16,429,
SEWERAGE SYSTEM.

The sewage of Atchison is discharged into the Missouri, the bulk
of it by means of White Clay Creek. The sewage from St. Benedict's
College and other sources was formerly discharged above the water-
works intake. Sewage from above the waterworks isnow intercepted
and discharged below the waterworks at Utah Avenue.

WATERWORKS,

The public water supply is taken from the Missouri River and
pumped to a series of four reservoirs, two of 2,000,000 gallons, one
of 1,500,000 gallons, and one of 5,000,000 gallons capacity. The
daily consumption is 1,250,000 gallons, so that there is storage for
several days’ supply. Alum is applied after the first sedimentation.

I Crediting 5t. Jozaph with very low rates for typhoid fever, one must take inte sccount some remark-
able discrepancies in population statistics. There is a question of the accuracy of statistics showing
such remakable Auctuations, ;
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The first basin of 2,000,000 gallons acts as a mud basin. As the
water passes the second basin of the same size the alum is applied.
Further sedimentation and storage is afforded by the 1,500,000-
gallon and the 5,000,000-gallon basins. No hypochlorite is used,
although there is an excellent opportunity to use it with good results.

TYFHOID FEVER.

Typhoid fever rates have been excessive in Atchison and there is
little doubt that the public water supply has played a part in this
excessive prevalence. In 1909 the death rate was 68 per 100,000.
In the months from January to June the rates are very suggestive
of water-borne infection. Year after year there have been many
deaths from typhoid fever in the winter and spring. In six years,
1906 to 1911, there were 22 deaths in the months from January to
June, and only 19 from July to December.

Typhoid deaths by months.

1006 | 1907 | 1908 | 1000 | 110 | 1911
T h e e S e b e e e S e R e S i e | 2 (I
February. abiehl) A S (R ) EE 1
1 - [Tl (| (s 2
April..... lld - 11. | 2
NIRRT AR B e e O O i I SR R 1 2 1
T e s e L 3 | el | N [SEeTa
R O e R 2 7 P BEG Rt 1
F T L e S P SR SR SRR 1 oo e i | B ST
tember N SR b 1 B [BESe e
Belﬁuher.. .......................... | e [
November 1 4 1 1
T e e e L e S S e [TESERS PELEE TR 1 1 [
Total..... s 5 3 1 8 8
Toeath rate por LONOO0L & Jooo i lon i 42 a5 21 As 0 50

Typhoid fever, annual death rale per 100,000, by one-half year periods.

January to July to January to| July to
Year. June. December. Year. June. December.

T s e 42 A s e | 42 100

B e e o 42 28 AR e s T e ! 62 38

IR e 13 L | B L | 75 25

i |

Such persistently high rates in the winter and spring indicate that
the public water supply is a factor of importance in this excessive

~ prevalence.

The table following shows the quality of the public water supply to
be dangerous and the purification ineffective.
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Public water supply, Atchizson, Kans., 19121

|
cooll | B. coll
Total | B Total
Dae. bacterla. | Present Date.  bacteri. | Present
£ . e
Fome LA e e e a0 10 e 300 |
e S R 10, 000 10 July 10 300 1
1 E e e T SRR el 400 10 July 11 600 il
R S e 20 01 | July 12 A
Jumne 19 290 A T e e e e
e e S e 145 1 1| 45 e e s ey 1, 100 «1
4 [Errole SRR S ORI ERIE E 60 | Abhsant. || July 16 1, T . |
Jumne 24 150 A July 17 T 10
R T e SRR e R R 120 1 o1 b BT e 1,100 1
A = 120 10 IRl e e T e e
e n T e S L e o0 1 Tuly 20. . 180 1
R e e e e S m e e o e 165 1 July 22.. 1, 4040 ail
June 140 10 July B3 630 1
July 1 11, 600 10 )yl R R T s 9 B0 al
July 2. 07 1 1ol e B A TSR S 1,500 1
TR Lt e e N L] R s s e T e LR 770 i |
July 5. 2, 500 10 July 27.. B0 1
July 6. 80 1 v T ) S B e SR el 170 1
11 - e e e e L S 530 S IR e e e e P e e T .1

1 Examinations made in the laboratory of the State Board of Health, Lawrence, Kans.
LEAVENWORTH, KANS.

The population of Leavenworth in 1910 was 19,363. There has
been a slight decrease in the past decade and the population has been
almost stationary since 1890.

SEWERAGE SYSTEM.

The sewers of Leavenworth discharge into the Missouri River by
four outlets, as follows:

Inch.
Poplar Street.......... R R RN e e e TSR 12
NN BB . - o s 3 s i e e P i 1 i e 12
GROCURE BREt . oo ohoe ol st e i i S B e 24
L e o | e e L e e s o 48

The Dakota Street sewer is the largest and also receives the sewage
from Fort Leavenworth.

WATERWORKS.

The public water supply of Leavenworth is taken from the Mis-
souri River. It is pumped to a series of four reservoirs. The first
serves as a mud basin, and alum is applied in the second. From the
third reservoir the water is pumped to a fourth reservoir of 6,000,000
gallons capacity, 365 feet elevation, from which the water is distrib-
uted by gravity to the city. The capacity of the four reservoirs com-
bined is 13,500,000 gallons, sufficient for about two and a half days’
supply, the daily consumption being about 5,000,000 gallons. Hypo-
chlorite of lime has been used since May, 1910, in reservoir No. 2.
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Deaths from typhoid fever.

Year Jan. | Feb. | Mar. | Apr. | May. | Juna.| July. | Aug. { Sept.| Oct. | Nov, | Dec. | Total.
PR e e _.J 1 2 b [ = 3 1 = L P 3 16
I e S e i 1 1 2 1 2 7 1 oo (RS 19
R e s ".?nl 2 1 1 2 | 3 1 1 ol (= s s 13
T TS e il R | 4 5 i 1 il | e P R e 13
I | e e L e e e 1 1 1
I s e T | e | | L 1 1 e e 1 R s
1907 ... | RN R I ol (R Tilenk dlia - 1 1 1
1l R e e e e | 2 | ] e | RS Pt e S ool e Fraase o 1
PO s l 2 3 1 L o|amind ] e | e e e i 1
iR e T | & 1 1 o I 1 I PR 2 2 1 2 1
1911 =8 ) 1 1 : 1L Sy | It o] 120 Mot i e
1012 B TTE I ERTE T L Mooy e | e e e

Total. 5. .- 12 14 14 1% 5 (i} 11 12 o a 4 b =

TYPHOID FEVER.

Typhoid-fever rates in Leavenworth were excessive in 1900-1901,
1903, and 1904, and have been high ever since. In 1910 the very
high rate of 85 was reached. Of the 17 deaths in 1910, 6 occurred in,
January. During the 10 years 1901-1910 there were 117 deaths from
typhoid fever. Only 21 of these occurred in September, October,
and November, and 52 occurred in January, February, March, and
April. The consistent predominance of typhoid fever in the winter
months indicates water-borne infection.

The following table shows the results of our examinations of sam-
ples of the public water supply of Leavenworth in June and July,
1912. The examinations were made in the laboratory of the State
board of health, Lawrence, Kans.

5 B. coli B. coli
Total Total
. bacterin, pr’::]sint Date. bacteris, p';'ffim'
€. 0. &6
T b o0l Abzenbs dl TUIF 10 . . e vt st as i
Tl e L 340 | Abzent, | e 20 | Absent
b e 15 10 ) o) e e LU G {1}
1o T R N YL ! 50 | Absent. A IR L o0 | Absent,
1| e e e &0 | Absent. Bl s 50 | Absent.
R S e RS R 15| Absent, L Sl e e B S 90 | Absent.
e s s D 12 | Absent. e e e S 25 | Absent.
RIE= R s ST s ] 40 | Absent. o Rt e R e 140 | Absent.
et HH) Abzent. 8 Abzent,
AN R T e e 7| Abzent. o et S A 300 | Ahsomt,
N e e el e i e o 10 Abzent, 21 1o
ey ey e SR 10 Ahzent, 10 1]
i B Absent. i1} 1]
o e e S 110 10 12 10
310 Lt b TR R 2% | Ahsent. b1 1] 10
et A e e e 10 | Absent. S 1
| by s e e s sy 37 | Absent. 30 | Absent.
| jomie b S R “40 | Ahbsent.

The table shows the superiority of this plant over one in which
hypochlorite is not used. (See Atchison.) Safe water from the Mis-
souri River is only possible after treatment, and the treatment must

91318°—13——3
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be uniform and efficient to give good results. The table indicates:
some lack of uniformity in results, and the daily finding of B. colil
from July 20 to 25 suggests that the efficiency of the plant left some--
thing to be desired during that period.

KANBAS CITY, EANS.

Kansas City, Kans., has had a rather rapid growth. Its popula-
- tion by decades was: 1890, 38,316; 1900, 51,418; 1910, 82,331.
This increase in population is largely due to the growth of the meat--
packing and allied industries. There are also located there railroad
shops of the Santa Fe and the Union Pacific, steel works, and chemical
manufactories. The amount of pollution contributed by such a city
18 out of all proportion to the population.

SEWERAGE SYSTEM.

The sewerage system in general is of the combined type and its
sewers discharge by 11 outlets into the Kansas or Kaw River, and
1 outlet (draining the section on the east bank of the Kansas) inte
the Missouri River, crossing the State line and discharging through
the system of Kansas City, Mo. Map No. 6 shows the sewer sys-
tem and also the location of packing plants, stockyards, and factories
which contribute enormous quantities of pollution.

WATER SUPPLY.

The source of the supply is the Missouri River near Quindaro (see
map No. 6). This site is above the mouth of the Kansas and thus
avoids the sewage and wastes from both Kansas City, Kans., and
Kansas City, Mo.

There is sedimentation of about two hours in the first reservoir,
then alum is applied. Another sedimentation of two hours is secured
in the second basin and alum applied a second time. There is a third
sedimentation of two hours during flow through the third basin from
which the water passes to rapid sand filters. This system works
fairly well most of the time. In months of high turbidity (3,000 to
8,000 parts per million silica standard) the sedimentation is insuffi-
cient, the water reaches the filters turbid, and the effluent is turbid.
The bacterial content of the water has been at such times excessive,
During 1912 hypochlorite was used, but the manner of adding the
chemical to the water was crude, although possibly effective. The
following table shows the results of examinations of water in Kansas
City, Kans., from September, 1911, to May, 1912. The analyses were
made by the city chemist, Prof. E. A. White.
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Deaths from typhoid fever, Kansas City, Kans.

a2 c— — —_—

Rate

Year. Jam. | Feb, | Mar. | Apr. | May. | June.| July. | Aug. | Sept.| Oct. | Nov. | Dec, |Total.| per
100,000.
1802, .. 2 6 3 1 3 1 4 ] 11 B 3 41 7.0
11 ] 5 P 5 2 b L] 4 2 & B ] 1id 2 2 49 £1.0
1] & 8 fh fi] 1 1 2 1 4 .3 b 2 48 7610
111 P 4 3 a & 2 3 5 8 3 4 & ] 5l 7.6
T R i 5 & 3 1 4 1 & 4 i 3 1] 43 62.3
1 AR R LR 1 3 & 5 3 4 9 T 12 4 8 3 61 84.7
1808. .. 1 4 3 i 0 1 2 5 4 1 2 53 265 34. 6
1800. . 2 1 [ [} 0 0 1 10 7 3 a T 45 56.4
1910, .. 4 3 4 4 ] 2 3 4 T : 5 a 53 5. 4
i1 L S 4 2 1 1 1] 2 4 i 7 [} 7 1 a9 45, 4
1912. .. 1] ] a e L e el e R | i et | S St | ope e | e

1

TYPHOID FEVER.

There has been a persistently high prevalence of typhoid fever in
Kansas City for years. The average annual déath rate per 100,000
for 10 years (1902-1911) is 66.1. In 1907 the rate was 84.7 and in
1910 it was 65.4. This excessive prevalence is produced chiefly by
' wery high rates in the winter and spring months. Chart No. 4 shows

the seasonal prevalence of typhoid TR S
fever, giving the total deaths by [ Trwaefin bore o Moo 10 rzar e 1902 — 1902
months for a period of 10 years. e e e e B e e
Chart No. 5 shows the typhoid 3 R

rate by years since 1902 compared
with Yonkers, N. Y., a city of |
the same size. Yonkersis a mill [ — /
town and sanitary conditions are |43 \
not particularly good and there
is a very high infant mortality. "'E,I \
However, Yonkers has had a good :
water supply. This can not be \1,,,.--[
said of Kansas City. -
The old plant consisted of 10
units of the wooden-tub type,each
with a nominal daily capacity of “*
500,000 gallons. The lack of ade- CHAET 4.
quate settling basins caused the partially coagulated mud and water
to be rushed to the filters. The raw filters have a daily capacity of
20,000,000 gallons and there is great improvement in the sedimenta-
tion, although at times the present 6-hour flow is inadequate and a
fourth basin, with an additional 2 hours’ sedimentation, would be of
great advantage. The addition of hypochlorite seems to have
mmproved the supply and the results are shown in chart No. 6. The
death rate from typhoid fever for January, February, March, and

o

[

P—]
o ]




38

April was never below 35 per 100,000 nntil 1911, when it dropped to
30.  In 1912 hypochlorite was used and the rate dropped to 4.3, this
being the first year since 1902 to escape without a single death in
January, February, and March,

KANSAS CITY, MO.

Kansas City, Mo., has had a remarkable growth; in 1900 the
population was 163,752, and in 1910 it was 248,381. Tt is a great

railroad center, a metropolis for
Kasaas O Hanaas  Commrs wita Yoswens, N Y ! pﬂ] a

T frwrn Dearns pee 00000 ar vrans 907 =190 very lﬂTgE pm of three Stﬂ-tﬂﬂ,. and

ailrperliselipepestlpolotlesloe I | its stockyards and meat-packing in-
7] o U 0l i dustries make it one of the most
| o / important commercial centers in the

ijlr \ - ] L3
57 B . r{\ 3 ) ] o West. Naturally its sanitary condi-
=]l : / R | i) 8 tion is a matter of interstate impor-
o LA tance.
j__ g B 2 [ /_\- SEWAGE SYSTEM.

|

The system is partly separate and
partly combined. The outlets into

e [
-i-""-'---

the Blue River are chiefly sanitary
+ i sewers; the outlets into the Missouri
2 ) e s T | River and Turkey Creek are of the
= ] combined type.
=i i g i i B The principal outlets discharge
| O [ S D into the Missouri River. There are
}.r’"x‘ RS ¥ 3| six of these varying from 4 to 10
R 7 << feet in diameter. A large district
| - drains into Turkey Creek by means
T oy e of the O. K. Creek sewer and three
G - 0k . -__5“ other outlets of the combined type.
HART

There are four outlets of sani-
tary sewers into the Blue River and Brush Creek. Map No. 7 shows
the location of the sewer outlets.

WATER SUPPLY.

The intake of the Kansas City (Mo.) supply is in the Missouri
River at Quindaro, about 5 miles above the city. The raw water is
pumped to a reservoir of 90,000,000-gallons eapacity. Alum and
lime are added after preliminary sedimentation of mud. There is
provision for more than two days' sedimentation in the reservoirs
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at the maximum consumption, as this is less than 40,000,000 gallons
daily (July). From the clear well the water returns by gravity to

to the pumping station. In its
course it receives the hypochlo-
rite.

From the pumping station at
Quindaro the clear treated water
is pumped to the Turkey Creek
reservoir. This basin also has
90,000,000 gallons capacity. From
Turkey Creek reservoir there is
a high-pressure service main-
tained by the Turkey Creek sta-
tion pumping direct into the
mains,

The wuse of hypochlorite has
been particularly successful, both
from the bacteriological and physi-

Kanigas Cimy. Kawsas,
Trtuost FErTR dwneeal Doira@rs ~ra FOCOO0: ol Frg Mue B
care rEak e 1981 re IR
FR0E| cgad]| s gau|eges | sgwk| iy pgar | spep|sue | s | vz
fig },‘\.
HlES
B g
B3] X\
7 3 \
N \
J
Io \
\‘
F-3
2
CHART 6.

cal stand points. The bacteriologic results are given in the following
table. The results are furnished by Mr. Walter Cross, city chemist.

Bacteriological counts of Kansas City, Mo., waler.

[ Fermen- l l F Fermen-
tation tation
Date, River | Bettling | City test for Date, River | Settling | City test for
191, | direct. | basin. | Hall fap. B&f':'“' 1911. direct. | basin. | Hall fap. Bé?nu,
Ly
Hall tap. Hall tap
Mar. 21 8,000 1, 200 70 |Negative. || Sept. 19 | 10,000 |.......... 120 | Negative.
22 fi, D00 2,000 (1] 20 12,000|.......... &0 0.
23 4,000 00 100 Do. 21 | 15,000 1,200 40| Do,
24 1, 000 S0 85 Da. 22 T ) e il Do
25 8, 600 11 Da. 23 20, (00 1, 500 70 Do,
26 | 10,000 500 (" Do. L R FASeR| SR LY Do.
27 8, 00 25 Do, 25 25, (0 2, M) B Da,
28 &, 000 200 20| Do, 26 | 15,000 1,600 0| Do,
29 14,000 200 110 Da, 1 30,000 ..ot 80 Do,
a0 20,000 260 210 Do. I 28 | 12,000 1,000 8| De.
41! 30,000 a50 190 | Do 29 | 10,000 1,200 70| Do
June 19 12, 000 [0, 1 DS et Dao. || Dee. 20 T i1 e e 1 Da.
20| 8,000 500 140 | Do. | ] e i R SR Do.
21 o, 000 GilH a0 Dao. | 2 8,000 G0 50 Do,
22| 10,040 1,204 a0 | Do L (AR T R ) R e Dra,
23 o, 000 1, 100 40 | De. 24 8T E 60| Do,
24 1] 80 Do. oo | et e [ e Dao.
25| 11,000 850 |.. Do. 29 i, (KD B | Do.
s P ] o e 115 Da. 1 L R 50 T,
o 3, 00 250 160 Da. e e TS| [ Iy Do,
28 4, 000 a0 80 Do, ) 7, 000 700 70| Do
B ek cant] R e 110 Do. a0 [ F 1] SRS 60 Do,
! Bpoiled. : * Mol taken. 1 All molds.

The long flow through the pipe line to the Turkey Creek reservoir
after the addition of the hypochlorite and the aeration in the 90,000,-
000-gallon basin effectually disposes of taste and odor.
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TIFHOID FEVER.

The deaths from typhoid fever in Kansas City by months since 1906
are given in the following table:’

]
| Total
Year. Jan, | Feb. | Mar. | Apr. | May. | June.| July.| Aug.| Sept.| Oct. | Nov.| Dec.| by
! | years.
1906. . 2 1 3l a8l...... el 8| 5 5| 1 3 34
1907. . 4 3 1 4 3 4 7 i1 i 3 5 4 51
1908. . H 4 2 | M 2 1 1 1 2 1 20
h | r L e e | . 2 1 1 2 3 i 4 2 3 3 30
L) | PR N e 17 21 10 5 3 7 g 5 [} L] 4 5 1is
11y e e SR T (i} Li] 4 5 4 1 5 G 3 3 6 9 03
pil R s s e e 1 1 T o e e ] L | e i o | it | g | B et e A
— ————— J
Total by |
months....] 3 38 . 1] 25 11 14 32 33| M 5 21 - 18

1 Thege fipures are taken from local records. Tha totals for several vears do not a-grm with the ﬂguma
ublished in United States Census rﬂipn-ﬂa Unfortunately the United States Census Bureau

ish deaths by months, and these loral records were the only available sources for estimating seasonal
prevalonce of typhoid fever.

Chart No. 7 shows the annual typhoid-fever rate by months in 1910
comparing Kansas City with Newark, N. J. Newark has a safe water
supply and a curve which is normal fnl cities which have practically
eliminated water-borne typhoid. The height of the epidemic curve
in February is striking, and the abnormal rise in June and July
noticeable. The further rise in December is characteristic of water-
borne typhoid. The year 1910 was an epidemic year, and it is inter-
esting to exclude 1910 and analyze the five lowest years in the last
decade—1906, 1907, 1908, 1909, and 1911.

Chart No. 8 shows the seasonal prevalence during these five years
compared with the usual seasonal prevalence one finds in cities with
safe water supplied. Cinecinnati, Ohio, in 1910 is used as a type of
this class. Even in these “low’ years the contrast is striking. The
very much higher rates in January, February, March, and April, the
early rise in June and July, and the higher rates in December are at
once apparent.

The prevalence of typhoid fever in Kansas City, Mo., has been con-
sistently excessive for many years. Chart No. 9 shows, by years, the
rates of Kansas City compared with Jersey City, N. J. Up to 1907
Jersey City depended upon an upland supply derived by impounding
streams. This supply was exposed to some pollution, though the raw
water was vastly superior to Missouri River water. Since 1907 hypo-
chlorite of lime has been used in treating the supply, and the result
is well shown on the chart. In 1908-9 and 1910 the rate in Jersey
City averaged 10 deaths per 100,000, while in the same period Kansas

Yity averaged 40. Since 1900 the rate in Kansas City has never been
below 30 until 1911.
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Water undoubtedly is a big factor in Kansas City’s typhoid. It
must be borne in mind that water not only includes the public supply,

but also hundreds of wells and
springs. Thisisalimestone area,
and wells and springs in such ter-
ritory may furnish an attractive
water in physical appearance
which may be dangerously con-
taminated. The city chemist,
Mr. Walter Cross, has shown re-
peatedly that many of these
wells are polluted. The bulk of
the people have access to the
public supply, and the improved
treatment of the water since the
1910 epidemic is beginning to
show results.

LEXINGTON, MO.

Lexington is situated on the
Missouri River 68 miles below
Kansas City. The population in
1910 was 5,242. The sewerage
system consists of about 3}
miles of sanitary sewers, dis-
charging by one outlet into the
Missouri River. There is no
treatment of sewage. About 50
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per cent of the population still depend upon privies.
Nearly all the inhabitants use the public water supply, and wells
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CHART 8.

are few. The public water sup-
ply is taken from the Missouri
River. There is no treatment,
but there is a reservoir capac-
ity for between three and four
days’ supply.

BOONVILLE, MO.

Boonville is situated on the
Missouri River 116 miles below
Lexington and 184 miles below

KansasCity. The populationin 1910was4,252. About a third of the
population still depend upon privies, although Boonville has several
miles of sewerage discharging by two outlets into the Missouri River.
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The water supply is from the Missouri River, treated. There is also
total storage capacity in the three reservoirs of over 6,000,000 gallons.
This would afford storage for about 12 days’ supply. About one-third
of the population depend upon wells, the remainder using the publie
i JEFFERSON CITY, MO.

Jefferson City, the capital of the State, is situated on the Missouri
River, 54 miles below Boonville and 240 miles below Kansas City.
The population in 1910 was 11,850,

The entire sewage of the city is discharged into the Missouri River,

Koansas Cire Masseon, cosmnes witn Jrrsgy Cire ML) The waterworks intake isin t'hﬁ
Trencen Fevew Dearns pen 100008 ar reass Missouri River above the sewer
B e an e g e 22y outlets,  Therawwateris treated
| f{ A —1 with lime and iron sulphate with

e S B S sedimentation. No hypochlorite
H ———1+———— was used up to the time of my

"l | inspection. Upon my request,
| M—t—t—T1—1—— Dr. M. C. Stone, State bacteri-
| F!‘ Y \ T ologist, made daily examinations

/ —id from June 11 to June 29. The

l'-:fl h'- 1"1' total bacteria counts ranged from

4 *-J L,.\ 50 to 1,200, usually from 200 to
P f 400. B. coli was present in all

R 1 c. ¢. samples except one, and
was present onee in the 0.01 e. e,
— i sample. The writer advised the

il % . use of hypochlorite in a letter to
ol L Dr. Stone, July, 1912.
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WASHINGTON, MO.

PO =SSt Washington is situated on the

i Missouri River, 70 miles below
Jefferson City and 38 miles below the mouth of the Osage River.
1ts population in 1910 was 3,670.

Two-thirds of the population use privies, the remaining third hav-
ing sewer connections. There are about 2 miles of sewers emptying
by one outlet into the Missouri River.

About a quarter of the population depend upon surface wells and
the remainder use the public water supply. This is taken from the
Missouri River. There is a reservoir eapacity of 1,000,000 gallons,
which should afford about five days’ storage.

ST. CHARLES, MO.

St.Charles is situated on the Missouri River, 28 miles from its mouth
and 43 miles below Washington. The population in 1910 was 9,437.
About half the population use privies, although seven-eighths have
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access to sewers. There are about 15 miles of sanitary sewers, which
discharge by two outlets into the Missouri River.

The public water supply is taken from the Missouri River and few
wells are in use. There are three settling basins and one standpipe,
and two additional reservoirs, each of 1,000,000 gallons’ capacity, are
to be constructed.

GENERAL SUMMARY.

(@) CONDITIONS.

There has been an undue prevalence of typhoid fever for years in
every city taking its water supply from the Missouri River except St.
Joseph, and St. Joseph had high rates in 1910 and 1911. The con-
sistently high rates in winter and spring year after year indicate that
the greatest factor in these high rates was the sewage-polluted Mis-
souri River water, imperfectly purified.

Previous to 1910 the older systems of purification were ineffective
in times of great turbidity or of high bacterial content. Sedimenta-
tion without the use of a coagulant is notesuflicient to purify the
Missouri River water in time of gross pollution.

Purification processes depending upon sedimentation are more
effective in times of great turbidity, but this higher percentage of
purification is nullified by the high initial bacterial content of the
untreated water.

Sewage pollution of the lower Missouri River is general from Sioux
City to its mouth, while it is greater in the vicinity of eities and pack-
ing plants. It is also marked at points on the river far removed from
cities. At such points, after many miles of stream flow from the
nearest urban source (54 miles at Jefferson City or 23 miles at Quin-
daro) the B. coli content is still as high as 150 to 300 per eubic centi-
meter during certain months. This necessitates a high degree of
purification in order to make Missouri River water safe.

Filter plants have not been able at times to overcome the pollution
of the Missouri, often for lack of sufficient sedimentation, but princi-
pally because of the lack of hypochlorite as a final process. The bac-
terial count and the B. coli content per eubic centimeter are at times
so high in the Missouri River that with a filter efficiency of 98 per
cent removed a dangerous eflluent remains.

() REMEDIES.

The primary requisite to reduce the excessive prevalence of typhoid
fever in this area is safe water supplies.

The addition of hypochlorite of lime as a finishing process to the
existing purification plants seems to have produced good results in
Omaha, Council Bluffs, St. Joseph, Leavenworth, and Kansas City,
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Mo. Tt is a question whether better results than those reported by
Omaha and Kansas City, Mo., could be obtained by other methods.
With a water of the character of Missouri River water, it is probable
that the ideal is not reached by sedimentation and chemical treatment
alone. Filtration would be an additional safeguard, and the inereased
cost could be further justified upon the improvement in the physical
character of the water.

Kansas City, Kans., would be benefited by inereased sedimentation
basin capacity. Those cities which are not using hypochlorite should
install a hypochlorite apparatus at once as an addition to their plants,
after correcting the defects in their water purification systems.

£ int, These municipalities need .-E,n a]fgi:]-es-
- sive campaign to eliminate the shallow
jwmafyﬂf: uiﬁfm A CE ] well and E‘.h;n:lnsuuitnr}r privy.

Some pollution of streams in a popu-
lous area is inevitable. Even with the
most elaborate methods of sewage
treatment which are economically pos-
sible pollution will oceur in times of flood

-
1,500 8 after rains and thaws and from persons
navigating the stream. Sewage treat-
ﬁ ment, as a matter of fact, has been
t - - - -
1000 x mitiated usually to prevent nuisance.

It is very effective for this purpose
by oxidizing the putrescible material
00 or by the nitrification process due to
anaerobes in septic compartments. The
effluent, however, while it is more stable

g _ and less likely to produce nuisanee, has
w&ﬁfﬁﬁi = 20 s still a very high bacterial content. So
CHART 12.—Showing average number of that sewage treatment is not a substitute

By ¢ o Kansm River during for water purification.
une, 1912, 3
The use of streams for the disposal
of sewage is an economie resource and may often be employed with-
out detriment to others; hence its absolute prohibition would be
unjustifiable. Such use of streams is sound in prineiple and safe in
practice when proper restrictive control is exercised.

Although prevention of all pollution is impossible, the control of
pollution is feasible and necessary. The discharge of sewage by
cities should be under control, and disposal by dilution should be per-
mitted, for economie reasons, up to the limit of permissible pollution

The permissible limit of pollution of a waterway can be fixed only
after a careful study of the waterway, the uses which must be made
of it and to which it is best adapted. The permissible limit of pollu-
tion allowing a reasonable use of the stream for the purposes for which
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it is best adapted must be fixed for each loeality by the formulation
of official standards for the waterway at that particular point.
Such official standards should be made for each problem independ-
ently and separately, it being manifestly impossible to fix general
standards of raw water to cover all cases without gross injustice.
- The acceptance of these basie facts will tend to prevent unjustifiable
generalization in a problem in which each locality is a law unto itself.
By allowing a reasonable use of these interstate waters for the recep-
tion of sewage or sewage effluents, subject to such restrictions coupled
with water purification as will amply protect the public health, the
more intensive process of sewage purification may in many cases be
avoided. A city may thus be saved
a very great expense which could only by iy
be justified on sentimental and not on | €#6ENoman or 8. Cote frer CC.
- : Sver 1§12
practical grounds.

To attempt the impossible is not only
to court certain failure, but, further,
such attempts make difficult laterefforts f2.ee
of a more conservative and practical
nature. _

The Missouri River at points farthesty L2
removed from the greatest sources of
sewage pollution furnishes a raw water
for drinking purposes which not only [£%
is unfit for drinking without treatment,
but which requires very thorough treat-
ment to render it safe. g

Sewage treatment is often an aid and
sometimes a necessity in improving the
quality of a grossly polluted water which Gpg—L_—— 1 L |
is used as a source of water supply. HMipmialsale b inch — 20 miet
There is no doubt that there are points Cuarr i3.—showing average number of
on the Missouri River where the pollu- 77 ®| Per © ¢ Kansis River during
tion is excessive. This preliminary
survey shows that some of these points have probably exceeded even
a liberal construction of the phrase ‘‘permissible pollution.” It is
impossible to generalize with justice and a further intensive survey at
such points is necessary to determine if treatment is necessary and
what degree of purification should be exacted in fairness to all
concerned.

The condition of the Missouri River has reached a point where
immediate control of pollution is necessary to prevent further impair-
ment of the stream as an interstate source of water supply. Probably
restriction of the present pollution would be unnecessary except at
certain points, but further increase of this pollution should be care-

w: Ciry)
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fully passed upon and permission granted only after most carefus
consideration. If the pollution increases beyond present conditions
too great a strain and responsibility will be placed upon the water-
purification plants.

Even now the pollution is such that at certain points it would be an
unfair adjustment of the balance between sewage treatment and water
purification to expect any water-purification plant to care for such a
raw water. Luckily it has not been necessary thus far to place water-
works intakes near such points.

The pollution found in the Missouri River is sufficiently gross to
require attention. Before the introduction of ‘‘hypochlorite” as a
finishing process or adjuvant to other
methods of waler purification, one
would have said unquestionably that
the raw water in the Missouri River was
i polluted to such an extent that its pu-
rification imposed an excessive respon-
sibility and undue cost upon purifica-
tion plants, and therefore this pollution
should be greatly reduced.

A filter plant or a purification plant
of any kind unaided by hypochlorite is
considered to be working satisfactorily
if the percentage removal of bacteria
is as high as 99 per cent. Yet such
efficiency applied to Missouri River
water with counts of 50,000 or 100,000
leave a very dangerous effluent with
bacterial counts of 500 to 1,000 per
cubie centimeter.

The introduection of hypochlorite

Horgoniad scaieimdy = < totsies —  modified our views somewhat in re-
CHART 15.—8howing averags number of bac- gl}l‘d to t'hE J-DH.III UPGH a pu_riﬁfm,tiﬂn
terin por . e, Kansas River during June, p]:m't. which could be -l'_'.arﬁd for eco-
B nomically. By the addition of hypo-
chlorite to a clarified effluent, with eounts of 500 or higher, a result
bacteriologically satisfactory is obtained at low cost, as shown at
Omaha, Kansas City, Mo., and other places. T am of the opinion,
however, that the pollution of raw water used as a source for water-
purification plants, should be reduced to the minimum consistent
with the finances of the communities involved even where the puri-
fication plant plus the hypochlorite seems to be able to overcome the
high bacterial counts and other indices of pollution in the raw water.
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The rather high degree or rural poliution—that is, washings of the:
drainage area in times of flood, thaws, and heavy rains—is unavoidable,,
but the heavy unrestrained pollution of many cities and towns oni
tributary streams is corrigible at least to some extent under State laws;
and such improvement should be effected. The urban poliution and!
pollution from packing plants is a very great factor in the pollution,
of the Missouri River, and this unrestrained discharge of raw sewage
and wastes into the great interstate waterway should be checked and

placed under most careful control.
In discussing the problem of pollu-
Aveaace Nomser or Bacrean perCC_ | tion of waterways many widely diverse
LMJ JovE 1972, opinions are expressed. There are

KANSAS RIVER

those on the one hand who speak of
| absolute prevention of pollution as
though it were feasible to effect, while
the opposite view is held by some, that
the streams should receive the unre-
stricted discharge of sewage from
urban communities. Between these
two extremes lies the logical position
held by students of the problem whose
professional training and experience
compels attention.

This latter position is held by sani-
tarians and sanitary engineers in gen-
eral, and consists in control of pollution,
using the streams wherever possible
without detriment to the public health.

The pollution of rivers, streams, and
lakes within a State may be controlled
by Statelaws. The problem of the con-

mm’&ﬂ = oo ssam  trol of great interstate and interna-
CHART 17.—8how ing average number of hac- tional lakes and rivers is not so Ei]]lplﬂ.
:;:LE":W ¢.c., Kansas River during July, They must be considered as a complete
entity, and not piecemeal. The same

laws or restrictions should apply to the Missouri River whether it be
that part which separates Iowa and Nebraska, or that which separates
Kansas and Missouri. The problem of pollution of interstate and
international waters is so broad and affects so many interests that it
necessitates for its equitable and efficient handling a central directing
authority independent of local influences of prejudices. This central
authority must also have the power to deal with foreign eountries and
adjust international differences. It is difficult to secure uniformity
of law in the various States, and uniformity of procedure under such
law is almost too much to be expected. To treat the problem of pol-
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APPENDIX.

_ REPORT OF COMMITTEE ON STANDARDS OF PURITY FOR RIVERS AND
WATERWAYS.

To the President and Members of the National Association for Preventing the Pollution
of Rivers and Waterways:

GENTLEMEN: At a meeting of the National Association for Preventing the Pollution
of Rivers and Waterways, held at Baltimore, Md., on December 13, 1911, it was voted
““that a committee of five members of the association be appointed by the president
to act as a commitiee on standards of purity for rivers and waterways, with instructions
to study the general subject in a broad way, and to make a tentative report at the
next annual meeting of the association on the feasibility of establishing standards
applicable to different conditions,” and on December 21, 1911, the undersigned were
duly appointed by the president, Mr. Calvin W. Hendrick, to serve as members of
this committee. We at once entered into correspondence and on June 27, 1912, met
in New York for a conference.

The various matters involved have been considered in detail, but the present
preliminary report is confined to certain fundamental propositions, about which
there appears to be little difference of opinion among sanitary engineers. These
propositions, with a few explanatory notes, are as follows:

Your committee finds—

(1) That because of the inereasing population of the country, the increasing tend-
ency toward concentration of population in cities, the extension of agriculture, the
increasing necessity of artificial fertilization, and the growth of manufacturing, it is
and always will be physically impossible to maintain our rivers and waterways in
their original and natural condition of purity. However much we may strive to the
contrary, some pollution of the water is inevitable. A reasonable degree of cleanliness
should nevertheless be demanded.

(2) That up to certain limiting points the use of our rivers and waterways as vehicles
for the reception, transmission, and ultimate disposal of sewage and other liquid
wastes is primarily an economic question. The discharge of raw sewage into our
streams and harbors should not be universally prohibited by law.

(3) That the method of disposal of sewage by dilution is recognized as sound in
principle and safe in practice, if carried on with proper restrictions. The power of
gtreams to transport suspended matter, and the ability of natural bodies of water to
oxidize and destroy offensive substances through the action of various physical,
chemical, and biological processes, represent a natural resource that should be utilized
as far as this can be done with safety and economy and without offense.

Nore.—This is in line with the present idea of conservation. It is believed that
the use of these forces of nature may be just as valuable in their way as the use of
certain streams for water power is valuable in its way. Not to take advantage of
them where possible would be con to public economy. Some streams probably
serve their best use to the general public as carriers and destroyers of waste organic
matter. The point to be determined is as to how far these forces can be utilized
without offense. The ordinary limits of dilution based on the ratio of the population
or the volume of the sewage to the stream flow are not sufficient, as they Fa?]plu take

into account the velocity of the current and the opportunities for aeration. Further
data on this point are needed. _

(a1)
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(4) That for cach river and waterway at any given point there is a limit to the
amount of permissible discharge of waste matter. The reasons for this limit are not
the same in all cases, but vary according to the use that is made of the river or of the
water of the river, and according to the character of the territory through which it
flows. No universal standard of purity can be wisely established or maintained.

(5) That when the extent of the pollution is such as to affect the public health in
any way by any reasonable use of the river or the water of the river, the sanitary
aspect of the situation should control and the degree of pollution should be regulated
accordingly.

Note.—This proposition involves the question as to what is a reasonable use of
rivers and waterways, which is a matter to be determined for each particular case,
and one that in the event of conflicts between different interests must at present be
decided by the courts. g

(6) That when the extent of the pollution is such as to cause sensible ofiense to
public decency in the course of any reasonable use of the river, this aspect of the
situation may properly control.

(7) That when the extent of pollution is such as to cause material injury to fish or
shellfish industries, or to the ice industry, this element may control.

(8) That when the extent of the pollution is such as to cause the silting up of the
channels of navigable streams, this element may control.

(9) That even when the demands of public health, offense to decency, and inter-
forence with navigation are such as to place a limit to the pollution of the stream,
the economic aspects of the case should be considered in regulating the amount of
permissible discharge of waste matter—the fundamental principle being that the
results accomplished shall be reasonably commensurate with the cost of prevention
of the pollution.

Note.—It is recognized that there are great demands upon cities for expenditures
made in the interest of public health and comfort, and that the relative results obtained
mxpendinmm for different purposes should be considered when budgets are being

e up.

(10) That while no universal standard of purity applicable to all rivers and water-
ways can be established, it is believed to be feasible to establish and maintain appro-
priate standards of a general nature for waters that fall within certain particular
groupings. Your committee has this matter under advisement, but is not prepared
to report upon it in detail at this time.

(11) That, inasmuch as the safety of public water supplies is the most important
element in the problem of stream pollution at the present time, the following general
principles should govern the discharge of sewage and waste matters into rivers and
walerways.

(a) Streams from which water supplies are taken without purification should not
receive any fecal matter, sewage, sewage effluent, or wastes that will render the
water & menace to health or otherwise impair its natural quality.

(b) Streams from which water supplies are taken and used aiter purification should
not receive fecal matter, sewage, sewage effluent, or waste matiers in such quantities
that the contamination of the water at any waterworks intake would put an un-
reasonable burden upon the purification works, or in quaniities sufficient to produce
the conditions referred to in the next paragraph. The treatment of sewage or wastes
required to produce this result may vary from none at all, in the case of large streams
where the pollution is very remote, to a thorough treatment if the pollution is large
and near the waterworks intake.

(¢) Streams not used for water supply may receive sewage whereverand in such
quantities that its entrance will not sensibly offend decency in the reasonable public
use of the stream or canse interference with navigation or with valuable fish indus-
tries or the ice industry. Where this can not be done the sewage or wastes should
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receive such treatment before discharge az to bring the effluent within this rule, idue
regard being given to the relative cost of the’ processes required and the benefits to
be derived.

(d) Large lakes from which water is used for a public water supply without filtration
ghould not receive any fecal matter, sewage, or sewage effluent within a distance of
several miles from the intake, depending upon local conditions as to currents, and
suitable provision should be made for disinfecting the water supply.

{¢) Large lakes from which water is used for public water supply after filtration
" ghould not receive fecal matter, sewage, sewage effluents, or other waste matters in

such amounts or at such places that the water reaching the intake would be con-
taminated to the extent that an unreasonable load would be placed upon the filter,
or in quantities sufficient to produce the conditions referred to in the next para-
graph. The sewage treatment required to produce this result may vary in efficiency
according to the distance between the sewer outlet and the water-supply intake,
the nature of the currents, and other local factors.

(f) Lakes not used for water supply may receive sewage if discharged in such a |
manner as to be quickly and thoroughly diluted, so that its entrance will not sensibly
offend decency in the reasonable use of the lake, or interfere with navigation or with
valuable fish industries. Where this can not be done the sewage should receive such
treatment before discharge as to bring the effluent within this rule, due regard being
given to the relative cost of the processes required and the benefits to be derived.

(g) Harbors and tidal estuaries may receive sewage at such places and in such
amounts that the discharge does not sensibly offend decency in the reasonable public
nsge of the water or cause interference with navigation or with valuable fish or shellfish
industries. Where this can not be done the sewage should receive such treatment
before discharge as to bring the effluent within this rule, due regard being given to
the relative cost of the processes required and the benefits to be derived.

Nore.—The tenth proposition brings up the very important question as to what
is a reasonable burden to place upon a water-filtration plant. The data for deciding
this have not yet been secured. It is recognized that water-filtration plants are not
infallible and that for this reason the work that they are called upon to do must not
be too great. Until this fundamental question is settled it will not be possible to
formulate reasonable standards of purity for streams necessarily used both for sewage
disposal and for water m:fﬁlr' It is not out of place to here remark that often greater
economy can he secure abandoning water supplies from polluted streama than
by attempting to reduce the pollution to the required extent. The difficulty in
doing this lies in properly adjusting the cost between the conflicting interests and
raises some interesting questions of poliey of control that might be properly taken
up for discussion by another committee of this association.

(12) Thus while recognizing that the pollution of many rivers and waterways is
inevitable, and that absolute prevention of pollution is impossible, it is deemed
imperatively necessary that some control over the discharge of waste matter into
rivers and waterways be maintained in order that conditions prejudicial to the public
health and comiort and damage to property may be kept at a minimum. The com-
mittee heartily indorses, therefore, the movement that is being made to keep the
poliution of streams within reasonable bounds and not allow our rivers and waterways
to become unduly soiled.

Your committee recommends the adoption by the association of these fundamental

* propositions, believing that they will serve as a basis for the establishment of more
detailed standards later, and will be helpful to those who at the present time are
engaged in formulating policies in regard to this matter.

Your committee also requests that it be allowed to continue its work for another
vear, and that it be given power to confer with the commiitee on river cleaning
recently chosen by the section of sanitary engineering of the American Pulbic Health
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TasLe XIII.

[Hospital and Health Board, Kansas City, Mo., Pathological Laboratory; Dr. J. R. Vanatta.)

Bampling point 18, Missouri River, at the
waterworks, fnd&pﬂndﬂnm, 0.
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HYGIENIC LABORATORY BULLETINS OF THE PUBLIC HEALTH
AND MARINE-HOSPITAL SERVICE.

The Hygienic Laboratory was established in New York, at the Marine Hospital on
Staten Island, August, 1887. It was transferred to Washington, with quarters in the
Butler Building, June 11, 1891, and a new laboratory building, located in Washington,
was authorized by act of Congress March 3, 1901.

The following bulleting [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. 8. Mar.-Hosp.
Serv., Wash.] have been issued:

*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M. J. Rosenan.

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. typht murium Danyz) applied
to the destruction of rats. By M. J. Rosenau.

®No. 6.—Disinfection against mosquitoes with formaldehyde and sulphur dioxid.
By M. I. Rosenau.

tNo. 7.—Laboratory technique: Ring test for indol, by 8. B. Grubbs and Edward
Francis; Collodium sacs, by 8. B. Grubbs and Edward Francis; Microphotography
with simple apparatus, by H. B. Parker.

By act of Congress approved July 1, 1902, the name of the “United States Marine-
Hospital Bervice” 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 Hygzienic Laboratory
have 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.)

tNo. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson.

*No. 10. Report upon the prevalence and geographic distribution of hookworm dis-
ease (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles,

¥No. 11.—An experimental investigation of Trypanosoma lewisi. By Edward
Francis,

*No. 12.—The bacteriological impurities of vaccine virus; an experimental study,
By M. J. Rosenau.

*No. 13.—A astatistical study of the intestinal parasites of 500 white male patients at
the United States Government Hospital for the Insane; by Philip E. Garrison, Bray-
ton H. Ransom, and Earle C. Stevenson. A parasilic roundworm (Agamomermis
culicis . 2., n. 8p.) in American mosquitoes (Culer sollicitans); by Ch, Wardell Stiles.
The type species of the cestode genus fymenolepis; by Ch. Wardell Stiles.

*No. 14.—Spotted fever (lick fever) of the Rocky Mountaing; a new disease. By
John . Anderson.

¥No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan
J. McLaughlin.

*No. 16.—The antiseptic and germicidal 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,
including reports of several new cases of the dwarf tapeworm (H. nana) in the United
States. By Brayton H, Ransom.

*No. 19.—A method for inoculating animals with precise amounts. By M. J.
Rosenan.

*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 Ehr-
lich’s normal serum).  Official standard prepared under the act approved July 1, 1902.
By M. J. Rosenau.
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*No. 22 —Chloride of zine as a deodorant, antiseptic, and germicide. By T. B.
MeClintic.

#No. 23.—Changes in the Pharmacopoeia 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 medicine.
By Ch. Wardell Stiles.

*No. 26.—Illustrated 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
ogone and other oxidizing agents to lipase. The influence of chemical constitution on
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. MeClintic.

*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 toxine. II. Mater-
nal transmission of immunity to diphtheria toxine and hypersusceptibility to horse
gerum in the same animal. By John F. Anderson.

{No. 31.—Variations in the peroxidase activity of the blood in health and dizease.
By Joseph H. Kastle and Harold L. Amoss.

TNo. 32.—A stomach lesion in guinea pigs caused by diphtheria toxine and its bear-
ing upon experimental gastric ulcer. By M. J. Rosenau and John F. Anderson.

*No. 33 —Studies in experimental alecoholism. By Reid Hunt.

tNo. 34.—1. Agamofilaria georgiana n. sp., an apparently new roundworm parasite
from the ankle of a negress. 1I. The zoological charactérs of the roundworm genus
Filaria Mueller, 1787.  III. Three new American cases of infection of man with horse-
hair 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.)

TNo. 36.—Further studies upon hypersusceptibility and immunity. By M. I. Rose-
nau and John F. Anderson.

tNo. 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.

1No. 39.—The antiseptic and germicidal properties of solutions of formaldehyde and
their action upon toxines. By John F. Anderson.

tNo. 40.—1. The occurrence of a proliferating cestode larva (Sparganum proliferum)
in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specimen
of Filaria restiformis Leidy, 1880= Agamomermis restiformis, by Ch. Wardell Stiles. 3.
Observations on two new parasitic trematode worms: Homalogaster philippinensis
n. gp., Agamodistomum nanus n. sp., by Ch. Wardell Stiles and Joseph Goldberger.
4. A reexamination of the original specimen of Tenia saginata abietina (Weinland,
1858}, by Ch. Wardell Stiles and Joseph Goldberger,

tNo. 41.—Milk and its relation to the public health. By various authors.

TNo. 42.—The thermal death points of pathogenic micro-organisms in milk. By
M. J. Rosenau.
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tNo. 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 District
of Columbia, 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle,

tNo. 45.—Further studies upon anaphylaxis. By M. J. Rosenau and John F.
Anderson.

No. 46.—Hepalozoon perniciosum (n. g., n. &p.); a h@mogregarine pathogenie for
white rats; with a deseription of the sexual cyele in the intermediate host, a mite
(lelaps echidnimus). By W. W. Miller.

No. 47 —Studies on Thyroid: I. The relation of iodine to the physiological activity
of thyroid preparations, By Reid Hunt and Atherton Seidell.

No. 48.—The physiological standardization of digitalis. By Charles Wallis
Edmunds 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 I. Wilbert,

No. 50.—Further studies upon the phenomenon of anaphylaxis. By M. J. Rosenau
and John F. 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 Elvove.

No. 55.—Quantitative pharmacological studies; adrenalin and adrenalin-like bodies,
By W. H. Schuliz.

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. I1. The viability of the tubercle
bacillus. By M. J. Rosenau.

No. 58.—Digest of comments on the Pharmacopeeia of the United States of America
(eighth decennial revision) and the National Formulary for the period ending Decem-
ber 31, 1906. 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 phyziological 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. DBy Ch. Wardell Stiles,

tNo. 63.—Digest of comments on the Pharmacopeeia of the United States of America
(eighth decennial revision) and the National Formulary (third edition) for the cal-
endar year ending December 31, 1907. By Murray Gali Motter and Martin 1. Wilbert.

No. 64.—Btudies upon anaphylaxis with special reference to the antibodies con-
cerned. By John F. Anderson and W. H. Frost.

No. 65.—Facte and problems of rabies. By A. M., Stimpson.

No. 66.—I. The influence of age and temperature on the potency of diphtheria anti-
toxin. By John F. Anderson. II. An organism (Pseudomonas protea) isolated from
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water, agglutinated by the serum of typhoid fever patients. By W, H. Frost. III.
Some considerations on colorimetry, and a new colorimeter. By Norman Roberts,
IV. A gas generator, in four forms, for laboratory and technical use. By Norman
Roberts.

1No. 67.—The solubilities of the pharmacopeeial organic acids and their salis. By
Atherton Seidell.

No. 63.—The bleaching of flour and the effect of nitrites on certain medicinal sub-
stances. By Worth Hale,

No. 69.—The effects of 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.

Nf:ﬂ 71. 1. Some known and three new Endoparasitic Trematodes from American
fresh-water fish. By -Joseph Goldberger. 2. On some new parasitic Trematode
worms of the genus Telorchis. By Joseph Goldberzer, 3. A new gpecies of Athesmia,
irom a monkey. By Joseph Goldberger and Charles G. Crane.

fNo. 72.—I. 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 effect of a Number of Derivatives of Choline and Analogous Com-
pounds on the Blood Pressure. By Reid Hunt and R. de M. Taveau.

No. 74.—Digitalis standardization and the variability of crude and of medicinal
preparations. By Worth Hale,

No. 75.—Digest of comments on the Pharmacopceia 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 I. 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 gpecial refer-
ence to the spread of typhoid fever. By Allan . MecLaughlin.

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. McClintic and Wade H. Frost.)

No. 79.—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, 1909. By Murray Galt Motter and Martin I. Wilbert.

No. 80.—Physiological studies in anaphylaxis. Reaction of smooth muscle from
various organs of different animals to proteins, (Including reaction of muscle from
nonsensitized, sensitized, tolerant, and immunized guinea-pigs.) By William H,
Schultz,

No. 81 —Tissue proliferation in plasma medium. By John Sundwall,

No. 82,—I. Method of standardizing disinfectants with and without organic matter,
By John F. Anderson and Thomas B. McClintic, II. The determination of the
phenol coefficient of some commercial disinfectants. By Thomas B. McClintic.

No. 83.—I. Sewage pollution of interstate and international waters with special
reference to the epread of typheid fever. II. Lake Superior and 8t. Marys River,
lII. Lake Michigan and the Straits of Mackinac. 1V. Lake Huron, 8t. Clair River,
Lake 8t. Clair, and the Detroit River. V. Lake Ontario and St. Lawrence River,
By Allan J. McLaughlin, .

No. 84. Digest of comments on the Pharmacopeeia of the United States of America,
(eighth decenmial revision) and on the National Formulary (third edition) for the












