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POLLUTION OF ILLINOIS AND MISSISSIPPI RIVERS
BY CHICAGO SEWAGE.

By M. O. LEiGHTON.

INTRODUCTION.

OBJECT OF THE PAPER. -

The testimony taken in the suit of the State of Missouri against
the State of Illinois and the sanitary district of Chicago comprises
the best symposiuin on river pollution, its biological and chemical
aspects, and its general and special sanitary significance that has ever
been assembled. The contentions of both parties to the suit are
supparted by the most eminently qualified men in the United States.
The evidence presented and the discussions recorded are therefore of
unique importance. The final record of testimony occupies 8,000
printed pages, much of which is irrelevant. This digest of testimony
is the result of an attempt to recover the valuable material and pre-
sent it in concise form. A consistent endeavor has been made by
the reviewer.to eliminate all personal opinions with reference to the
issue and to make an impartial presentation of so much of the testi-
mony as in his opinion appears to be relevant and of scientific
importance. It will be well to remember in this connection that any
digest of so large a volume of testimony must be the result of a final
exercise of personal opinion by the reviewer as to those parts which
may best be excluded. Naturally opinions will differ on this point;
therefore it will be strange if many of those familiar with the case do
not find that certain portions of testimony which they consider most
important are passed over in this digest without reference. Contro-
versies between counsel, objections to the admission of testimony,
legal technicalities and quibbles, badgering cross-examinaticn, and in
general all the testimony introduced for purposes of mere corrobora-
tion have been disregarded. The object has been to present a faithful
statement of the scientific phases of the testimony to the exclusion,
if need be, of the legal aspect of the case.

Many of the averages contained in the tables of the official record
appear to be incorrect. It does not appear whether this is due to

5



6 POLLUTION OF RIVERS BY CHICAGO SEWAGE.

typographical errors or to mistakes by the original computers. Such
tables as are reproduced in this digest are copied from the record
without correction.

STATEMENTS OF PARTIES TO THE SUIT.

This is a proceeding in equity instituted by the State of Missouri
on January 17, 1900, against the Staie of Illinois and the sanitary
district of Chicago, praying for an injunction against the defendants
from draining into Mississippi River the sewage and drainage of said
sanitary district by way of the Chicago drainage caral and the
channels of Desplaines and Illingis rivers.

BILL OF COMPLAINT.

» The bill of complaint alleges in substance as follows:

That the complainant is a State lying on the west bank of Missis-
sippi River with a frontage thereon of over 400 miles;

That the States of Illinois and Missouri have concurrent jurisdiction
over the waters of Mississippi River, each having exclusive territorial
jurisdiction over that portion adjacent to its shores, the boundary
having been declared at the middle of the main channel;

That Illinois River joins the Mississippi at a point above St. Louis;

That on the banks of the Mississippi below its confluenve is a large
population that uses the water of the Mississippi for dorestic, agri-
cultural, and manufacturing purposes;

That the said water is indispensable to the life, health, and happi-
ness of many thousands of inhabitants in Missouri;

That the construction of the Chicago drainage canal is such that
its contents finally empty into Mississippi River about 43 miles above
the city of St. Louis;

That such construction was done under the sanction and authority
of the State of Illinois; )

That the channel of said canal is cut through the natural watershed
dividing the drainage area of Lake Michigan from that of Illinois
River;

That the defendants propose to drain through said channel the
sewage matter from nearly the whole of the city of Chicago and a
portion of Cook County;

That for many years the city of Chicago had discharged into Lake
Michigan large quantities of sewage which has accumulated upon the
beds of Chicago River and of Lake Michigan;

That if such plan is carried out it will cause such sewage matter to
flow into Mississippi River past the homes and waterworks systems
of the inhabitants of the complainant;
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That the amount of such undefecated sewage matter vould be
about 1,500 tons daily, and that it will poison the waters of the Mis-
sissippi and render them unfit for domestic use, amounting to a direct
and continuing nuisance that will endanger the health and lives and
irreparably injure the business interests of inhabitants of the com-
plainant;

That the complainant is without remedy except in a court of
equity, and

That it prays for an injunction restraining the defendants from
doing the acts herein alleged.

In a supplemental bill of complaint, made subsequent to the open-
ing of the drainage canal, the complainant alleged—

That the water of the canal had destroyed the value of the water
of the Mississippi for drinking and domestic purposes, and had
caused much sickness to persons living along the banks of said river
in the State of Missouri;

That, under the law authorizing the construction of the canal, it
was required that said sewage be diluted with not less than 20,000
cubic feet of water per minute for each 1,000 inhabitants of the
sanitary district, and

That the defendants had reduced this amount to about 10,000
cubic feet per 1,000 inhabitants and, acting under the authority of
the Secretary of War, proposed thereafter to limit the maximum
dilution to that amount.

ANSWER OF THE DEFENDANTS.

The State of Illinois united with the codefendant in general admis-
sions, denials, and allegations, and further contended that the sani-
tary district was not subject to the control of the executive depart-
ment of the State of Illinois, and that all acts of the State and its
executive department were performed prior to January 17, 1900, the
date at which the complainant moved for permission to file this bill
of complaint.

The sanitary district admitted the character of the complainant,
its population and location with reference to Mississippi River, and
the jurisdiction of each party with reference to said stream as alleged
in the bill of complaint.

It further admitted that Illinois River empties into the Mississippi
at a point above the city of St. Louis, and that a large population of
said plaintiff relies on the waters of Mississippi River for their water
supply for domestic, agricultural, and manufacturing purposes.

In reference to the question as to whether or not the said waters
are indispensable to the life, health, and happiness of the said inhab-
itants, and whether or not said inhabitants are compelled to use such
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waters for the aforesaid purposes, the defendant neither admitted
nor denied, but left the complainant to make proof thereof.

The defendant admitted the passage of the law creating the sani-
tary district and all the complainant’s allegations with reference to
the geographic situation of Lake Michigan and of the various rivers
and the canal forming the drainage system of the defendant.

The construction of the drainage canal as alleged in the bill of
complaint was admitted, and the allegation that the sewage of the
district has been caused to flow through such canal into Desplaines
River.

The defendant denied that the sewage of said district flows into
Chicago River and Lake Michigan, but averred that the greater por-
tion thereof had for many years been discharged into De-vlaines and
Illinois rivers, the same having been pumped from Clicago River
into the Illinois and Michigan Canal and through this conducted to
said rivers. - ‘

It was further denied that large quantities of sewage matter had
accumulated upon the beds of Chicago River and Lake Michigan, and
further that the plans adopted would loosen such matter and cause it
to flow into Desplaines River.

It was further denied that the waters of the Missiscippi will be
poisoned and polluted by the completion of the plans above noted
and that the adaptability of said waters for domestic and other uses
will be destroyed.

It was further denied that the discharge of sewage through the
canal will injure the property and business of the cities of the com-
plainant or that it will create a direct and continuing nuisance.

The defendant averred that the turning into Desplaines River of
such sewage, together with 300,000 cubic feet per minute of the pure
water of Lake Michigan, will greatly improve the quality of the water
of the Mississippi.

The defendant made numerous allegations concerning the discharge
by means of pumps of nearly all the sewage of Chicago through the
Illinois and Michigan Canal, and further alleged that the acts of
the defendant with reference to the construction of the canal and the
plans in relation thereto are open and notorious and largely matters
of record.

That during the nine years since the institution of the work the
defendant had expended more than $33,000,000. )

That the complainant had notice of such work, and that said com-
plainant, having delayed this complaint until the completion of said
work, had been guilty of laches and was therefore estopped to further
urge this cause.

It was further averred that the distance by water from Robey
street, Chicago, to the mouth of Illinois River is 322 miles, and that
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on the various tributaries that unite to form Illinois River and on the
main stream there was a population of not less than 1,500,000, exclu-
sive of the sanitary district of Chicago, and that a large number of
cities drained into the said rivers, and that the sewage of said cities
had for a great length of time flowed by way of said rivers to Missis-
sippi River.

That Mississippi River and its tributaries form the natural drainage
system of a vast region of country and that the additional amount of
sewage discharged through the canal is trifling in amount as com-
pared with the enormous volume received from cities on the Mississippi
drainage area above St. Louis.

That by natural laws governing running water in large bodies the
sewage was deprived of all its deleterious qualities by processes of
vaporization, attrition, and chemical conversion.

In answer to the supplemental bill of complaint, the sanitary dis-
trict admitted the opening of the canal, but denied that the sewage
had polluted the waters of the Mississippi or that the same had or will
hereafter cause sickness to persons living upon the banks of said river
in the State of Missouri.

It was averred that the defendant would prove, if permitted, that
the turning into Illinois River of said sewage, together with the pure
waters of Lake Michigan, does not in any way impair the value of
the waters of the Mississippi.

It was further averred that suburban towns and villages having a
population of 50,000 discharged their sewage into Mississippi River
opposite said city, which caused a much greater pollution of the
waters of said river than can possibly be produced by the waters
coming from Tllinois River; that the natural flow of Missiscippi and
Missouri rivers, the latter entermg a short distance above the city
of St. Louis, caused a pressing of tlre Illinois waters upon the east
bank of Mississippi River lying along Illinois River and prevented
them from mixing with the waters flowing along the west bank of
said stream and into the intake of the waterworks of the city of
St. Louis.

WITNESSES AND COUNSEL.

The principal witnesses called to testify in behalf of the parties to
this suit were as follows:

In behalf of the plaintiff: Benezette Williams, Amand Nicholas
Ravold, Edward H. Keiser, William C. Teichmann, J. L. Van Ornum,
George Chandler Whipple, William Thompson Sedgwick, Gardner
. Stewart Williams, George W. Fuller, Allen Hazen, Edward W. Saun-
ders, Washington E. Fischel, Ludwig Bremer, Albert E. Taussig,
Charles H. Goodman, Herbert E. Smith, John W. Alvord, and
Ernest E. Lochridge.
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In behalf of the defendants: John H. Long, F. Robert Zeit, Adolph
Gehrmann, D. B. Bisbee, Arthur W. Palmer, Thomas J. Burrill,
Edwin Oakes Jordan, Henry L. Russell, Isham Randolph, Ludwig
Hektoen, E. G. Hastings, Erastus G. Smith, Jacob A. Harman,
Robert Spurr Weston, William Pitt Mason, Rudolph Hering, George
Dock, Lewellys F. Barker, Theobald Smith, Victor C. Vaughan,
Leéonard P. Kinnicutt, William S. Thayer, and John W. Hill.

The principal counsel participating in the examination were the
following:

In behalf of the plaintiff: Edward C. Crow, attorney-general of the
State of Missouri; Samuel B. Jeffries and William F. Woerner, of
counsel.

In behalf of the defendants: H. J. Hamlin, attorney-general of the
State of Illinois; James Todd, solicitor for the sanitar district of
Chicago; William M. Springer, John G. Drennan, and V7. C. Johns,
of counsel. )

The examination was conducted before Frank S. Bright, commis-
sioner of the Supreme Court of the United States.

TYPHOID FEVER IN THE MISSISSIPPI VALLEY.

During the course of the testimony there were introduced, through
various witnesses, the records of deaths from typhoid fever at numer-
ous cities in the Mississippi basin above St. Louis. Ir order that
this record may be more comprehensive, the figures have been com-
bined in the following table, and will be referred to in connection
with the deductions of certain witnesses for both parties to the suit.

TABLE 1.—Deaths from typhotd fever in designated cities in Mississippt basin above St.
Louis, Mo., 1893-1902.

| Popula-
1893. | 1894. | 1895. | 1896. | 1897. | 1898. | 1899. | 1900. | 1901. | 1902. | tionin
1900.

Mississjppi  basin _ above
mofth of Illinois River:
Minneapolis, Minn ..
St. Paul, Minn. ... ...l 81
Dubuque, Iowa...
Burlington, Iowa.
Keokuk, Towa........... 8
Des Moines, Iowa........ 22

Quiney, Il .......... 22 , 13 6 7 9 12 18 36,252
Hannibal, Mo..... - 7 8 8 4 3 3 2 12,780
Davenport, Iowa. 5 3 2 12 14 11 11 35,254

Rock Island, Ill..
Moline, Ill........

10 14 00 0 & 1 23 00 00 £ B B
—
'

- 3 5

Winona, Minn:...._._... 2 2 2 2 5 5 1 41
Red Wing, Minn....._._. 5 3 0 4 0 3 2 3
Fort Madison, Iowa 5 ...... 11

La Crosse, Wis. b 5 4.
Louisiana, Mo. . i 4 2 71
Clinton, Iowa.. 10 3 5 7 v10 12 5.
Muscatine, Towa......... 4 5 2 25 I 13 8 5

5 7
I
321 285 | 240 | 200 | 27| 237 | 21
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TaBLE 1.—Deaths from typhoid fever in designated cities in Mississippt basin above St.
Louws, Mo., 1898-1902—Continued.

' | Popula-
1893. | 1894. . 1895. 1896. | 1897. 1898. | 1899. | 1900. | 1901. | 1912. tilon in
900.
‘ ‘ |
Missouri River basin: | I *
Lincoln, Nebr_._......... 33 21 23 15 14 12 13 4 13 10 40,169
Omaha, Nebr_ .. ... 2| 4| 20 18] 2 32 24| 23| 20| 102555
Council Bluffs, Iowa. 5 7 6 8 8! 6 8 11 6 8 25,802
St. Joseph, Mo. .. 20 22 31 19 15 19 37 20 12 13 102,979
Kansas City, Mo. 59 37 34 29 38 49 52 49 58 58 163,752
St. Charles, MO. ..o oot e femene cecea e 2 5 6 144,
139 127| 123, 89| o7| 18] 18 13| 18 128 ...
Illinois River basin: { i “
Chicago, IN.............. 670 | 491 | 5181 751 | 437 | 636 | 442| 339 | 509 | 87 e1,500,000
Joliet, ILL. . 12| 14| o 12| 12| 15| 15 13| 13| 2| 29,35
Ottawa, 11 2 5 21 2 4 4 3| [ 2 10,588
Elgin, TiL 5 3 50 14|...... 4 50 15 15 8 2,
Aurora, Il 6 12 19 10 5 10 4 17 11 2 24,147
Peoria, TM. ... ... ... i ]eaiann 13 18 18 12 33 15 18 56,100
Pekin, Tl .. ..o e 2 1 2 8,420
Decatur, IM...._......... 5 7 2 1 7 5 7 11 5 4 20,754
Bloomington, Ill......... 12 14 15 9 10 10 9 15 9 15 23, 286
Springfield, Tl. .. ... | .o |oemeii]ommeaa]oaaidaoaaaeaaaie]annes 20 | 10 8 34,159
Havana, Il.............. 3. 7 2 520 PR DR (R S, ‘ 1 b
45| 62| 45| 66| 56| 66| 55| 120 8| sl ...
St. Louis, Mo. ............... 215 178 | 106 I 106 125 95 | 130 168 ' 198 | 222 575,238

a Tributary to Chicago drainage canal.

TESTIMONY FOR PLAINTIFF.
BENEZETTE WILLIAMS.

DIRECT EXAMINATION.

Benezette Williams, a consulting engineer of Chicago, formerly
chief engineer of the sanitary district, and for a number of years con-
nected with the sewer department of that city, was called as a witness
in behalf of the complainant and testified to certain geographic and
engineering facts concerning the city of Chicago, the sanitary district,
and the drainage canal. The examination was somewhat digressive
and the witness was frequently not allowed to finish his testimony
concerning one point before he was diverted to another; therefore
the following paragraphs are presented without reference to the order
in which they were related by the witness:

The city of Chicago has an area of about 190.6 square miles and
extends along the southwestern shore of Lake Michigan for about 20
miles. The eastern boundary is therefore the lake itself, ecept for
a distance of 4} miles where it is coincident with the western Foundary
of Indiana; the southern boundary is a line running at right angles
from the State boundary; the northern boundary is parallel to and
24 miles distant from the southern boundary.*

Chicago lies very low, the elevation running from lake level to 25
feet above. During the construction of the city it was necessary to

aThe western boundary is irregular; in general it is at a distance of 8 miles from the eastern
boundary..—M O. L.
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raise the grades in order to cover the sewers and elevate the city out
of the mire. A considerable portion of the city has been built out
into the lake, the mouth of Chicago River, for example, being more
than one-half mile farther out than formerly. As a whole, the city
lies too low to afford sufficient gradient for the discharge of the sewers
by gravity, and therefore trunk sewers have been laid below the lake
level and pumps have been installed to raise the sewage from them.

One of the most important, as well as the most troublesome natural
features about Chicago is Chicago River. The main stream was
originally not over a mile long from the lake back to the confluence of
two forks. The northern fork (called North Branch) is the larger of
the two, rises in Wisconsin, and runs in a southeasterly direction
across the northern portion of the city. The southern fork (called
South Branch) divides at a distance of about 5 miles from the lake
into two forks, which are locally known as West Fork and South Fork.
South Fork drains a very small territory and originally was merely a
ditch, dry except during floods. West Fork also drains a small terri-
tory, the area adjoining that of Desplaines River. Forerly, during
floods, Desplaines River would break over the divide and come down
West Fork into Lake Michigan, making the fork at such times a com-
paratively large stream. Throughout the greater length of Chicago
River and its branches in the city the channel has been dredged and
docked for commercial purposes, and a considerable depth of water is
maintained.

From the time of the initial development of Chicago the river has
been commonly utilized for the discharge of sewage. With the
growth of the city the danger occasioned by this practice became
more and more acute until it was necessary to provide means for
purifying the stream. The readiest means at hand was the dilution
of the river water by that from Lake Michigan, and thi~ was accom-
plished for several decades, both by the actual pumping of the lake
water into the river through conduits and by the pumrving of river
water into the Illinois and Miehigan Canal, allowing the lake water to
take the place of that so discharged. The character of these conduits
and pumping works is briefly as follows:

In 1879 a 12-foot conduit was completed, running from the lake
‘along Fullerton avenue to North Branch. The pumps there installed
had a working capacity of 15,000 cubic feet per rinute. This
amount of fresh water from the lake had the effect of flushing the
impurities gathered in North Branch either into the lake or down
South Branch, according as the current ran toward one place or the
other.

Another conduit was excavated along Lawrence avenue, circular in
cross section and 16 feet in diameter. The conduit I'~d not been
completed at the date of the testimony. It was designed to take
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away by means of a system of intercepting sewers the sevage then
discharged into the lake along the north shore, as well as to supply
water from the lake to North Branch.

South Fork of South Branch has its origin about 3 miles south of
its confluence with South Branch and was at first merely a storm-
water drain. At this time it is dredged for shipping purposes and
extends to the Chicago stock yards. A conduit has been built into
what is known as the east arm of South Fork, an arm merel:> dredged
out for docks. This conduit, 20 feet in diameter, with a cepacity of
120,000 cubic feet per minute, was constructed to divert tl'~ sewage
entering the lake along the south shore and to supply fresh water to
flush South Fork.

The city of Chicago more than thirty years ago establlshed a pump-
ing station at the head of South Branch near Ashland avenue and
Twenty-sixth street for the purpose of turning the foul water of the
stream into the Illinois and Michigan Canal, thereby relioving the
river of much of its impurity. This plan was efficient for a time, but
with the unexampled growth of the city and the consequent increas-
ing foulness of Chicago River the pumping necessary to the purifica-
tion of the river soon increased beyond the capacity of the plant.
These pumps were operated by the city until 1900 and had the effect
of reversing the normal course of the current in South Branch. In
the year mentioned, however, the works were turned over tc the sani-
tary district of Chicago and finally to the commissioners of the Illinois
and Michigan Canal. At present they are used only for keeping up
the level of the canal for navigation purposes. The Chicagc drainage
canal was the result of the increased pollution of Chicago River and
was built to divert all the sewage of the city from the lake into Des-
plaines River. -

The Chicago drainage canal begins at Robey street, Chicago, about
one-fourth of a mile north of Thirty-first street, and is parallel with
the old Illinois and Michigan Canal as far as Lemont—that is, to the
range line just east of Summit. This stretch of the canal is 41,100
feet in length. The elevation of the bottom of the channel at Robey
street is 24.45 feet below Chicago datum, this datum being the lake
level at low-water mark in 1847. From Robey street to Willow
Springs, a distance of 13.2 miles, the grade is 1 foot in 40,000, so that
at Willow Springs the elevation of the canal bottom is —26.2 feet. The
section from Robey street to the range line at Summit is dug in glacial
drift 110 feet wide on the bottom, with slopes of 2 to 1, making the
width at water line about 200 feet. From the range hne at Summit
to Willow Springs the canal is in glacial drift except for a short dis-
tance, where it strikes some rock. The canal is built in the manner
above described throughout this second stretch. Frora Willow
Springs to a point within about 4,000 feet of the controlling works at
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Lockport the channel is 160 feet wide on the bottom, with vertical
sides formed by excavating the rock which extended most of the dis-
tance between the two points. Along this stretch there is a fall of 1
foot in 20,000. At a point within 4,000 feet of the controlling works
the canal widens out in fan shape, and just above the works the width
becomes considerable. The grade is mmaintained the same, the eleva-
tion of the bottom at the works being—30.1 feet, which gives a total
fall of the canal between Robey street and the controlling works of
5.55 feet. The distance between the two points is 28.01 miles.

As originally designed, according to the prescription of law, the
canal isintended to carry 600,000 cubic feet per minute, with the water
in the lake as datum. This capacity was provided for in all rock
excavations, but in the first section, between Robey street and Sum-
mit, the canal was made smaller, with a view to widening in the future
as the demand should arise. The canal was commenced in the fall
of 1892, and it was accepted by the governor of Illinoi~ January 17
1900.

The flow from the canal to Desplaines River during the early periods
is as follows:

Flow from Chicago drainage canal to Desplaines River, January 20, 1900, to March 31

1901.

: Crhbic feet per minute.
January 20 to March 31, 1900.. ... . .. ... .iiiiiiiiiio.. 179, 741
March 31 to June 30, 1900........_... St 211,577
June 30 to September 29, 1900. ... ... ... iiiiiiii.ol 210, 317
September 29 to December 29, 1900. ... ... ... ... . ...io.i.o. 250, 635
December 29, 1900, to March 31, 1901 ... ... . ... . it 303, 736
Maximum flow, March 16, 1901.....cciiiiiiienmienneniiinineenananaaannn. 356, 723

The rate of flow in the canal, as reported June 20, 1900, by Major
Willard, United States Engineer Corps, was as follovis: Whenever
there was a discharge of 150,000 to 210,000 cubic feet por minute the
average velocity was 1.79 feet per second, or 1.22 miles per hour;
when the discharge was from 270,000 to 310,000 cubic feet per minute
the average velocity was 2.72 feet per second, or 1.85 miles per hour.

For the purpose of showing the population tributary to Chicago
River in the city, and thereby indicating the great amount of polluted
matter discharged into it, the witness stated that he had made for the
whole city a distribution of the population according to the points of
watercourse to which it is tributary and had represented that distri-
bution of the city into districts by a map, which he mtroduced in
evidence. These districts are numbered from 1 to 12, inclusive, and
were fixed according to the sewer map of Chicago, shoving the main
sewers, each district being tributary to one of them. Based on these
districts, the total population of the sanitary district—that is, north
of Eighty-seventh street—was, in 1900, 1,639,546. Consolidating cer-
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tain districts in accordance with the drainage system, the witness
found that the population tributary to the main portion of Chicago
River and to South Branch was 791,677; that tributary to the lake
on the south shore, which the witness explained will ultimately be
discharged into South Branch, was 175,182; tributary to South Fork
of South Branch, 282,655; tributary to West Fork withir the city
limits, 74,899; tributary to North Branch, 555,789; tributery to the
lake on the north shore, 28,878. Aside from the districts here enu-
merated there was in the southern part of the sanitary district a popu-
lation of 18,827 that had not up to that time been provided with a
sewerage system; and in what is known as the Calumet district, lying
south of Eighty-seventh street and discharging mto Calumet Rlver
there was a population of 70,636. :

Summarizing these, the witness stated that there drained into the
main river, South Branch, and various tributaries a total population
of 1,705,020. To this there would ultimately be added, through the
Lawrence avenue and Thirty-ninth street conduits, under construc-
tion, the drainage from a population of 204,060. After these conduits
are put into operation, the sewage intercepted and turned into the
river, there will be distributed directly into the main river, South
Branch, and the drainage canal the sewage from a populatlon of
800,829; into South Fork that from 476,664; into West IFork that
from 74,899; and into North Branch that from 584,664. The fore-
going figures are based on the school census, which was in excess of
the Federal census by about 16 per cent. Witness stated that the
sewage from about 200,000 people was discharged directly into Lake
Michigan. '

CROSS-EXAMINATION.

On cross-examination the witness stated that the pumps which were
used in South Branch of Chicago River to deliver polluted water to
the Illinois and Michigan Canal had operated most of the time since
their installation up to 1900, or for a period of about thirty years,
usually at their full capacity, not far from 45,000 cubic feet per minute,
and that this water-eventually reached Illinois River through the foot
of the canal at La Salle and from various waste weirs between the two
points.

REDIRECT EXAMINATION.

The testimony of the witness was closed with a description of the
controlling works of the Chicago drainage canal at Lockport. He
stated that at these works there were seven sluice gates operated by
mechanical appliances, each gate having an opening 30 feet wide.
They are held as a reserve until the time comes when they will be
needed, The main appliance relied on at present for controlling the
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. .

flow from the canal is known as the Bear Trap dam; it is 160 feet long
and has a vertical oscillation of 17 feet. This dam is a steel caisson,
the upper edge of which points upstream and can be lowered or
raised by water power. When the dam was completely lowered,
there would pass over it an amount of water which tI'» witness esti-
mated as from 800,000 to 1,000,000 cubic feet per minute, or more
than equal to the capacity of the intake of the canal at Chicago River;
while when the dam is raised to its maximum height, th= flow of water
from the canal can be shut off completely.

The testimony of this witness occupies pages 480 to 543 of the
record.

J. L. VAN ORNUM.

J. L. Van Ornum, called as a witness in behalf of the complainant,
qualified by making the following statements: He is & civil engineer
by profession, having graduated from the University of Wisconsin in
1888; for about ten years thereafter was engaged in the general prac-
tice of the profession of civil engineering in different parts of the coun-
try, the work including municipal, railway, and river and harbor
investigations, together with that on the Mexican boundary survey;
at the time of testimony and during four years previous théreto had
been professor of civil engineering at Washington TJniversity, St.
Louis, Mo.  (1733-1734)e. ‘

The witness stated that in March, 1903, he was engaged by the city
of St. Louis to determine the time required for water to flow from
Chicago, through the drainage canal and Desplaines, Illinois, and Mis-
sissippi rivers, down to the water intake at Chain of Rocks. The
investigation was divided into three sections; one covered the dis-
tance from Chicago to Peoria, the second from Peoria to Grafton, and
the third from Grafton to Chain of Rocks. It had been the intention
to carry on the work in all these sections simultaneously and con-
tinue the observations day and night, but this was found impracticable
by reason of adverse conditions which made it imporssible to follow
the floats at night. Therefore they were taken out of the water at
night and replaced in the same positions on the following morning.
(1734.)

The floats were of the submerged type, the lower portion consisting
of metal-plate vanes set into each other in such a way that in what-
ever direction the current should turn there would be a considerable
area exposed. Kach plate was 12 by 12 inches in ares. It was con-
nected to the buoyant part of a float by a chain, the length of which
varied in different floats according to the depth of the water in which
it was used. The part of the float which gave buoyan<y consisted of

a Figures in parentheses throughout this paper refer to pages of the official resord of testimony.
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two cones with bases superimposed at the periphery. The cones had
a diameter at the base of 12 inches, while the axis of the do'ible cone
was about 8 inches in length, the idea being to so regulate this size that
the buoyant part of the submerged float would be made to sink to
about half its height by the weight which it was supporting. Extend-
ing down through the center of this cone was a cylindrical tube into
which was set a stiff wire which supported a metal flag 4 by 4 inches.
This flag was numbered and painted a certain color in order that the
observers might readily distinguish the various floats. The vholeidea
of float construction was to get as closely as practicable the velocity of
water on and below the surface, rather than merely that at the surface,
so that there might be derived from the observations a more accurate
idea of the velocities of the stream. The length of the chains support-
ing the vanes was set at 1, 2, and 3 feet for those used on Illinois River,
while those on Mississippi River were regulated to 2, 4, and 6 feet.
(1735-1736.)

The testimony of the witness with reference to the intervals noted
during the investiagtion is collected in Table 2. (1737-1742.)

TABLE 2.—Rate of-flow of Chicago drawnage canal and Desplaines, Illinois, and Mis-
sissippi rivers from Chicago to St. Louts, March, 1903.

F1RST SECTION—CHICAGO TO PEORIA.

Day. Measuring points. Interval. Remarks.
Hr. min.
Headofcanal.. ... ._.... .. ... ..___....oooioiiiiiiieaiiiit
Western Avenue Bridge, Chicago...................... 40 | Estimated.
15{ C.and C. T. Ry. bridge........... . 7 8
16-17 | Cook County line.................__. 19 4 .
16 | Desplaines River at Bear Trap dam. 6 43 1 34 hours 26 mirntes in canal.
16 | Joliet, TN ... ... ... .. ... ... ....... 2 15| River at flood stage. i
17 | Designated flag station._.... . 3 36
18 | 1 mile above Dupage River... ... ... ... .. ..._._.. 3 6
19 | MOrTiS. oo 7 54
20 | Seneea ... ... ...l 5 2
20 | Marseilles. . ... ... ... 2 15
21 | Ottawa... R 2 7
21 | Utica... . 3 36
22 | La Salle 2 28
22 | Peru.... 58
22 | Marquette 5 6
22 | Depue........ e e 11
23 | Hennepin...... PR 4 15
23 Twinlsland. ... ... .. ...l 75
a24 | ...l e
25| Henry............. 8 36
25 | Flag station at sma) 149
26 | Chillicothe.............. 11 18 :
25 | Rome 2 26 | Observations by special
party sent ahead.
25 | Blazed tree on bank 9 48
26 | Peoria main highway. .. ... .. ... ... ... ... .. ... 17 45 | Lockport to Peoria, 102
4 hours 26 mirutes.

aNo observation by reason of storm.

IRR 194—07—2
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TaBLE 2.—Rate of flow of Chicago drainage canal and Desplaines, Illinois, -and Mas-
sisippt rivers from Chicago to St. Louis, March 1903—Continued.

SECOND SECTION—PEORIA TO GRAFTON.

Day. Measuring point. Interval. Remarks.
!
Hr. min,
Peoria. ... . e
14 1 Pekin. . ... i 4 30 | River at flood stage.
15 | KingStom. . .ooommo e e ce e 3 17
15 | Banmer. .. ... 7 43
16 | Liverpool. ... oo 8 58
7 Havana......ooooiiimm i 10 40
8 | Sheldons Grove............_............ 10 37
19 | Beardstown....... 10 51

20 | Lagrange............
20 | Flag station on tree.
21 Naples..............
18 | Florence

15 | Observations by special
party sent ahead.

18 | Bedford............. e ace e eam e

19 | Pearl. ...
191 Kampsville. ... ..o

BRI OTNW  BrW S
'S
<

19 | Designated beacon. . 40
20 | Hardin............ 50
20 | Government light. 15
21 | Graiton 2 | Peoria to Grafton, 102 hours

27 minutes.
|

THIRD SECTION—GRAFTON TO CHAIN OF ROCKS.

6 3¢ | River at half stage.
4 34 | Grafton to Chain of Rocks,
11 hoirs 10 minutes.

18
18

Total time, Chicago to St. Louis, 10 days, 10 hours, 29 minutes.

The witness stated that altheugh the work was all done under his
supervision, none of it was conducted personally except that between
Grafton and Chain of Rocks. The assistant engineers employed to
make .the observations between Chicago and Grafton submitted field
‘notes properly certified. These notes included records of velocity
and direction of wind, velocity of floats, condition of the weather and
stream, the general course taken by the floats, and every incident or
fact having any bearing on the work. The instructions given to
assistant engineers making the observations were that the floats
should be placed in the stream along the cross section end allowed to
take their own course. Whenever one of the floats would go ashore
or become entangled in a snag, it would be removed and carried for-
ward to the position of the most advanced float. (1743-1744.)

In reply to a question concerning the side of the river taken by the
floats during the observations made from Grafton to Cl'~in of Rocks,
the witness stated that the floats were placed in the lower end of Illi- .
nois River in such a way that they went across the river, one in the
center, one about half way from the center to the right bank, and the
third half way from the center to the left bank. As they floated into
Mississippi River they moved closer to the Illinois shore, and from
Illinois River to a point below the mouth of the Misscuri they were
more or less close to the Illinois shore. At a point about 2 miles above
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the waterworks intake, the floats were fairly close to the Illinois shore,
perhaps about 50 feet from it, but from this point down to the intake
the floats rapidly left the Illinois shore, reaching the middle of Mis-
sissippi River, and finally passing the intake between it and the Mis-
souri shore. (1745-1746.)

On being recalled to the witness stand, Professor Van Ornum testi-
fied that he had taken samples from Mississippi and Missouri rivers
and sent the same to George C. Whipple at Brooklyn for examination.
The samples were taken along the sections across the rivers as follows:
Section B in Missouri River above its confluence with the IMississippi;
section M in Mississippi River above the mouth of the Missouri; sec-
tion C in Mississippi River below the mouth of the Missouri; and sec-
tion I in Mississippi River close to the intake at Chain of Rocks. A
chart showing these locations was presented and discu-sed. The
samples taken were numbered from 1 to the highest number, No. 1
always being toward the right bank of the river. Eight points were
located along each of sections M and C, twelve along section I, and
three along section B. At each sampling point on section B one
sample was taken at a depth of 10 feet; at each point on sections C
and I three samples were taken at depths of 6 inches, 10 feet, and 30
feet or at the bottom, being designated, according to the'depth of the
water, a, b, and c, respectively. (1882-1884.)

AMAND NICHOLAS RAVOLD.

DIRECT EXAMINATION.

Dr. Amand Nicholas Ravold was called as a witness on behalf of
the complainant and qualified as an expert by stating that Fe had been
a practicing physician since 1881 and a professional bacteriologist
since 1885. From 1887 he had been connected with the medical
department of Washington University, during most of which period he
had held the professorship of bacteriology. In 1894 he entered the
employ of the health department of the city of St. Louis, as consult-
ing bacteriologist. The testimony occupies pages 2—-480, volume 1 of
the record.

After relating at some length the history of bacteriology and its
development and discussing briefly various epidemic diseases and
methods of sewage disposal, the witness was directed to the subject
in hand. (7 et seq.) _

The bacteriological investigation carried on by the city cf St. Louis
to determine the effect of the water from the Chicago drainage canal
was divided into three periods, the first extending from August to
December, 1899; the second from January to December, 1900, and the
third from September to November, 1901, each inclusive. Besides
this, from January to April, 1902, the witness engaged in sp=cial inves-
tigations, and from June to September of the same year carried on
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TaBLE 5.—Bacterial flora in Desplaines, Illinois, Mississippi, and Missouri rivers at
designated points.

River at
i River at

Grafton.

Species.

Grafton.
Hartford.
Ppi

hain of Rocks.
Louis.

Missouri River at
Fort Bellefontaine.
Laboratory tap, St.

Desplaines River at
Joliet
Tllinois i

} Mississippi River at
Mississi
m
Ci

|
1

+ | Mississippi River at

Bacillusalbus... .. ... i el
cantenniformis. . .. ... .ol -
.aquatilis sulcatus I............... R

aquatilis sulcatus ITT
.aquatilis suleatus V.. ... .ol
arborescens. ...................... e

Ccoli COMIMUNIS. _ . ittt aeaaans
delicatulus.......
desidiosus.........
fluorescens ineognitus. ....-...................
fluorescens liquefaciens
fluorescens tenuis. . ... ... ...l ..
fluoresecens termo. . ... ..ceonoioi e
FUlVUS . e ..

lactiviscosus .. ... . ...l
lactis erythrogenes. ... ...................._..
liquefaciens. ... ... o..oii i
liquidus........._... e
megaterium. ... ...
mesentericus vulgatus............. ... ...
nubulis. . ... et
ocraceus.
plicatus.... ...l
proteus mirabilis. ....... ...
proteus zenkeri...............o....... ..
proteus zacarei. ........oooeooieaalL.
rubefaciens. ... ... ... ...
stellatus.... ..ol
subflavus ... ...l
SUDLIPS . L ..ol
superficialis..............o......L
ubiquitus. ...l

90 9 1 0 9 1 0 0 B R R R S R B
5
f=h
[
&
g
wm

Micrococcus cremoides............
M. flavus liquefaciens.............
Sarcina lutea. ... oo

A third series of examinations extended throughout the period from
August 26 to December 1, 1901. The plan of procedure involved the
establishment of temporary laboratories equipped with the necessary
apparatus at the following points: Joliet, IIl., in charge of Dr. W. C. G.
Kirchner; Peoria, Ill., in charge of Dr. William H. Rush; Grafton, Ill.,
in charge of Leon G. Tedesche; 1141 Market street, St. Louis, with five
assistant bacteriologists under the charge of Dr. Ravold.
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Samples were collected from the following points:

Sampling points, August 26 to December 1, 1901.

Number of
. . samples.
Desplaines River at Lockport, above junction with drainage canal......_.__ .. 40
Bear Trap dam, drainage canal..........................._. ... ... 52
Illinois and Michigan canal, at Ninth Street Bridge, Lockport.............. ... 34
Desplaines River at Ninth Street Bridge............._.... ... 41
Desplaines River at Ruby street, Joliet............._..... ... .. 51
Desplaines River at Brandon’s bridge, Joliet............... ... . ... ... .. 49
Ilinois River at Averyville..............................._..._..__ .. 54
Illinois River at railroad bridge, Pekin............__._._...__..___.__ 57
Tllinois River at Kingston, 3 miles below Pekin..................._...__. . 55
Minois River above Grafton...........................__....._...__ . 56
Mississippi River above Grafton..............._......... . ... 56
Mississippi River 1 mile above Alton.................._.__ ... . 52
Mississippi River at Hartford..................._... ... . ... . 51
e
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Summing up the results of the third period of examination, the
witness stated the percentage of samples taken at the various points
along Mississippi River below Illinois River in which Bacillus coli
communis was found, as shown in Table 7. (275-277.)

TABLE 7.—Proportion of samples of water from designated points in which Bacillus coli
communis was found, September to November, 1901.

Sampling point. September.| October. | November.| Average.
|

Mississippi River at Alton.............................. leeeiemeennns 100 7 88.6
Mississippi River at Hartford... .. ... ... .. ... ... ... ... 86. 4 56 70
Missouri River at Fort Bellefontaine. .. .. .. ........_|............ 92. 6 80 86.2
Chain of Rocks, Missouri shore. .. 76.9 97 84.6 88. 4
Chain of Rocks, Illinois shore. . 76.9 97 77 817
Chain of Rocks intake........ 76.9 90 77 80
Bissells Point reservoir........ - 86. 4 94.04 93.8 9L 41
Tapin old city hall, St. Louis. ... . ... ................. 85.7 97 80 87.5

Discussing the percentage of the removal of bacteria per cubic cen-
timeter at various sampling points in the St. Louis water-supply
system, the witness gave the evidence set forth in Table 8. (277—
279.)

TABLE 8.—Percentage of removal of bacteria per cubic centimeter at va~ious sampling
points in the St. Louts water-supply system, September to November, 1901, the number
in Mississippt River being designated as 100 per cent.

Sampling point. Septeml;)er.lJ October. | November.| Average.
Chain of Rocks reservoir ! 48, 43 85.6 8.5 | 7184
Bigsells Point.._......_. 86. 05 90 93.5 | 90
Tap in old eity hall.... .. 88.83 95.9 03.2 | 92. 64
Tap on Garfield avenue............_.............o.. ... | 08 2.7 ‘ 95.3

In discussing further the number of bacteria found at various
sampling points in the river, the witness called attention to the fact
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Bacteria discussed by Dr. A. N. Ravold.

Bacillus albus. B. liquefaciens.

B. antenniformis. B. liquidus.

B. aquatilis sulcatus I. B. megaterium.

B. aquatilis sulcatus III. B. mesentericus vulgatus.
B. aquatilis sulcatus V. B. nubilis.

B. arborescens, chromogenic, orange. B. ocraceus.

B. aurescens. B. plicatus.

B. aureus. B. proteus mirabilis.
B. brunneus. B. proteus zenkeri.

B. candicans. B. pyocyaneus.

B. cloace. B. rubefaciens, chromogenic, red.
B. coli communis. B. stellatus.

B. delicatulus. B. subflavus.

B. desidiosus. B. subtilis.

B. fluorescens incognitis. B. subtilis cereus.

B. fluorescens liquefaciens. B. superficialis.

B. fluorescens tenuis. B. ubiquitus.

B. fluorescens termo. B. ure=.

B. fulvus. B. viridis.

B. helvolus. Micrococcus cremoides.
B. hyalinus. M. flavus liquefaciens.
B. iridescens. Sarcina alba.

B. lactiviscosus. S. lutea.

B. lactis erythrogenes.

The witness gave extended definitions of bacteriological terms and
a somewhat minute description of general methods of bacteriological
procedure. (307-312.)

He then testified concerning microscopic organisms (algz, etc.),
describing the Sedgwick-Rafter method of procedure, and stated that
two series of examinations had been made according to this method
in connection with the investigations carried on by the city of St.
Louis. He further stated that the object of this work was to discover
the micro-organisms connected with sewage pollution, and also to
attempt to trace the forms found in Lake Michigan water which are
distinctive from those existing in Illinois, Mississippi, and Missouri
rivers. Two sets of investigations were made—one by George A.
Johnson, at the St. Louis laboratory, and one by George C. Whipple, of
Brooklyn,N.Y. The long statement which Doctor Ravold then made
concerning the number and genera of the organisms found in the
water at chosen points is reproduced in condensed form in Table 9.
(312-351.)
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TABLE 9.—Number of micro-organisms found in water at designated points.

Family and genus.

Lake Michigan.

Drainage canal at Bear
Trap dam.

Carter

4-mile | Harri-

crib.

July
23.

son
crib.

10
miles
out.

Lake
View
crib.

2-mile
crib.

June.

July
30.

Au-
gust 9.

Sep-
tem-
ber 7.

Sep-
tem-
ber 15.

10. 25.

Diatomaces:

Fragilaria.. ..............
Himantidium
Meridion. ................
Navicula . .
Niteschia.................
Stephanodiscus
Synedra
Tabellaria
Cyanophycez:
Anabsna.................
Chrooeoecus. ...
Ceelospharium
Lyngbya..
Oscillaria. .
Chlorophyces:
Arthrodesmus............
Closterium
Eudorina.................
Hydrodictyon............
Pandorina................
Pediastrum
- Protococcus
Raphidium
Scenedesmus
Spirogyra
othrix. .............._.
Schizomycetes:
Beggiatoa
Crenothrix
Leptothrix
Protozoa.
Amoeba
Cryptomonas. ...........
Dinobryon
Glenodinium
Monas....................
Paramacium
Peridinium
Phacus. ...
Protomonas.
Synuara. ....o.o.oiiaon..
Trachelomonas...........
Vorticella . ...............
Rotifera:
Anursea. ............._...
Polyarthra
otifer

Total organisms. ......
Total genera
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TABLE 9.— Number of micro-organisms found in water at designated points—Ccntinued.

Family and genus.

Drainage canal at Bear

Desplaines River at Joliet.

Diatomacee:
Asterionella

Himantidium. .
Meridion. ..
Navicula.
Nitzschia
Synedra .
Tabellaria .
Cyanophycea:
Chroococeus. . «..........
Ceelospheerium . .
Endoriana
Lyngbya. .
Oscillaria
Chlorophycez:
Arthrodesmus
Closterium. .
Desmidium
Dictyospherium
Eudorina
Hydrodictyon
Pandorina
Pediastrum
Protococcus
Raphidium
Scenedesmus.............
Spirogyra
othrix.................
Schizomycetes:
Beggiatoa
Crenothrix...............
Protozoa:
Chloromonas
Monas
Paramacium .
Protomonas

Rotifera:
Rotifer

Crustacea:
Daphnia. .....coco.oo.o.

Miscellaneous

Total organisms

rap dam.
uly. August. June.
July gus May | © July
EIEIEAE 773 |10 | 17 | s | W
10 6| 128 | 130 39 34 82 96 38 138 80
4l 6] 30 3 6. 2| 4 1
32 10 ...... 16 9 17 29 ..., 2 6 g

Total genera

............ R ) N 1
61 2| 12 7l... 6! 22| 14| 40| 15 33
182 | 147 | 284 | 514 | 323 358 | 508 | 408 | 242 | 644 542
2 16| 16| 13| 14 18] 21| 15 2 21
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TaBLE 9.—Number of micro-organisms found in water at designated points—Continued.

Illinois River above Peoria. Illinois River above Grafton.

. June. .
Family and genus. Ma une. July | May June, Futy

2.0 3 | 10 | 18 | 2. A} B3 g 18, | 25, L

Diatomacea:
Asterionella. ........____.
Cyclotella . _..............
Diatoma. .. ..............
Himantidium . ...__.
Melasira.
Navicul;
Nitzschia._..
Pleurosigma. ..
Stephanodiscus .-
Synedra............... N

o Tabﬁllaria ......................

yanophycese: !
Lyngbya. ..o e e e 1
Oscillaria..._.........._.. R

Chlorophyces:
Arthrodesmus............[......
Closterium . ..............
Conferva . ... ....... ...,
Eudorina._................
Hydrodictyon............
Pandorina................
Pediastrum . .............
Protococeus. .............
Scenedesmus . ............
Spirogyra ................

Protozoa:
Cryptomonas. ...........
Monas....................

Synura. ... . ._...........

Vorticella. ...............
Rotifera:

Anur®a. . ...

Polyarthra

Rotifer...................
Crustacea:

Total genera.. ..........

Total organisms. . ..... l 251 | 329
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TABLE 9.— Number of micro-organisms found tn water at designated points—Continued.

Mississippi Mississippi | _ Mississippi M"ississippi
River above River above River at Hart- | River at intake
Grafton. Alton. ford. tower.

Family and genus.
May| June | July | May|June | July |May; June “ July | May | June ; July
3. 11. | 28. 3. 11, | 29. 3. 11. 28. 3. 11.

Diatomacese:
Asterionella..............

Himantidium. ..
Meridion........
Navicula......

Synedra....... .
o Tabﬁllaﬁa ................
yanophyces:
Ceelospheerium . ..........
Lyngbya
Oscillaria
Chlorophyces:
Arthrodesmus............
Closterium . ...
Desmidium......
Dictyospheaerium .
Hydrodictyon. ..
Pediastrum . ..
Protococcus .
Scenedesmus
Spirogyra .
lothrix ..
Protozoa:
Cryptomonas............[ 1 |.....|-.... .- 2
Glenodinium .

Synura. ..... .-

Vorticella . ...............
Rotifera:

ADurea . ........ooeoa.nn

Rotifer.... ..
Miscellaneous. ...............

Total organisms........ 119 . 260 289 | 152 | 364 | 219 | 190 | 175 142 200, 114 177
Total genera.. .......... 170 14" 12 24 14 15| 25 15 24 18] 14 22

Witness then took up a part of the bacteriological data afforded
by the investigations of the year 1900 and assembled it in weekly
averages of the daily determinations made. (353-376.) A chart
(Complainant’s Exhibit No. 1) was presented, showing such data for:

Illinois river above Graiton.
Mississippi River above Grafton.
Mississippi River above Alton.
Mississippi River opposite Hartford.
Missouri River at Fort Bellefontaine.
Chain of Rocks near Missouri shore.
Chain of Rocks near Illinois shore.
Chain of Rocks at intake tower.

The information in this chart is all included in Table 4.

The witness then endeavored to show that the bacteriolog'cal data
givd positive evidence of the commingling of the waters of Illineis and
Mississippi rivers at the St. Louis water intake at Chain of Rocks. His
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observations were based on the fact, shown by a comparison of num-
bers of bacteria and river gage heights, observations being taken coin-
cidently, that whenever there is a rise in either of the three streams—
Illinois, Mississippi, and Missouri rivers—there is a coincident rise in
the number of bacteria, and it appears that the greater the rise in
water level the greater the proportionate number of bacteria. 'This was
explained by stating that a rise in either of these streams is caused
by melting snows or ice or by great precipitation, both of which
result in the washing into the rivers of large amounts of filth and
earth, which teem with bacteria. The witness then cited a case which
appeared in the examination series beginning January 23 and ending
October 9, 1900, as follows:

Tllinois River was high from February 12 to 20, 1900 (dates approxi-
mate). At that time the Mississippi was low and covered with ice,
as was also the Missouri. A thaw occurred in the whole Illinois River
Valley, with resulting flood. The bacteriological examination shows
that the waters of Illinois River contain enormous numbers of bac-
teria, while those of the Mississippi above the mouth of the Illinois
and of the Missouri above its mouth contain a comparatively small
amount. During the two weeks beginning February 13 and 20,
respectively, the average number of bacteria per cubic centimeter in
Illinois River at Grafton was 257,600 and 221,800, while in the Missis-
sippi above Grafton during the same period the number was 161,000
and 105,500, and at Fort Bellefontaine, on Missouri River, the number
was 52,500 and 69,500. As a result of the intermingling of these
waters, the number of bacteria in the water at the Chain of Rocks
intake was 133,500 and 112,000. This, in the opinion of the witness,
clearly proved that Illinois River water enters the intake. Chart
marked Complainant’s Exhibit No. 2 was presented to support this
contention. The witness called attention to the fact that during the
week of January 23 the bacteria in Illinois River numbered 240,000,
in Missouri River 155,000, and at the intake 150,000, th> intake water
corresponding very closely with the Missouri water. During the
week of January 30 the number of bacteria in Missiscippi River on
the Ilinois shore was 150,000, on the Missouri shore 75,000, and at
the intake 130,000, these figures being taken within the cross section
defined by the Chain of Rocks intake; and the contention was made
that the figures indicate that the water at the intake was during that
week comprised more largely of Mississippi River water than of
Missouri River water. (376-381.)

Seyeral charts were then introduced, and were designated Lom-
plainant’s Exhibits Nos. 3 to 9, inclusive (382-404), sl'owing weekly
averages of the daily quantitative determinations of the number of
bacteria per cubic centimeter in water taken from Illinois River dur-



TESTIMONY OF AMAND N. RAVOLD. 33

ing 1900, together with the stages of the river during the same periods,
at the following points:

Mississippi River above Grafton.

Mississippi River at Alton.

Mississippi River at Hartford.

Missouri River at Fort Bellefontaine.

Mississippi River at Chain of Rocks near Missouri shore.

Mississippi River at Chain of Rocks near Illinois shore.

Mississippi River at Chain of Rocks, intake tower.

These charts were apparently introduced for the purpose of showing
the relationship between the rise and fall of the stream and the num-
ber of bacteria per cubic centimeter found in the water, and from the -
evidence presented by them the opinion of the witness was that coin-
cident with a rise in the river there ig always an increase in the
number of bacteria, while, on the other hand, a decrease in the number
of bacteria coincides with a fall in the river gage height. It was fur-
ther observed that during steady periods in the stream there is a
constant and steady decrease in the number of bacteria.

Two charts were then introduced, ultimately marked Complainant’s
Exhibits Nos. 11 and 12, for the purpose of showing the effe-t of the
Chicago drainage canal on the water in the river at Peoria. These
charts, which are not reproduced, contain the results of the bac-
teriological determinations made during the period from September
to November, 1901, assembled in diagrammatic form tor the {ollowing
sampling points:

Chicago drainage canal at Bear Trap dam, Lockport.
Desplaines River at Ruby street, Joliet.

Desplaines River at Brandon’s bridge, Joliet.
Illinois River 3 miles above Peoria.

From an examination of these diagrams the witness noted an enor-
mous fluctuation in the bacterial content at the Bear Trap dam, the
number varying from 25,000 to 7,200,000 per cubic centimeter. The
variations are relatively as great and are practically synchronous at
the three lower sampling points. The record of river stages =t Peoria
indicates that the river was steady during this period to an extraor-
dinary degree; in fact, the greatest change in the river levels during
any one period of twenty-four hours was 0.2 foot, and tl'= entire
variation from beginning to end of the period was 0.6 foot. It was
claimed by Doctor Ravold that this is unimpeachable testimony con-
cerning the effect of the Chicago drainage canal on the river at Peoria.
The great diversity in the number of bacteria in the water, along with
the extraordinary steadiness in the river stage, taken in conjunction
with the observed fact that in Desplaines River above Bear Trap dam
comparatively small numbers of bacteria were found, could, in the-

IRR 194—07—3
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opinion of the witness, be accounted for in no other way than by the
entrance of sewage from the Chicago drainage canal. (449-460.)

The witness then introduced another chart, showing the results of
daily quantitative determinations of bacteria and the daily stages in
Tilinois River from October 1 to November 27, 1901, at Grafton, 163
miles below Peoria by river. He stated that the greatest number of
bacteria per cubic centimeter occurred November 17; that while there
was a slight rise in the river on that date it was not as high as it had
been from October 21 to 30, when the number of bacteria had been
comparatively low. No further attempt was made by the witness to
discuss these results, although it is clear from a readine of his state-
ments that he inferred that such results lead to the belief that the
great mass of bacteria were due to artificial contamination rather than
to any natural causes, and tHerefore were presumably contributed by
the drainage canal.

The witness then outlined the results of a series of experlments
made to determine the longevity of Bacillus typhosus in sterilized
distilled water and in sterilized water from chosen points in Mississippi
and Illinois rivers. These results are set forth in condensed form in
Table 10. (468-470.)

TaBLE 10.—Longevity, in days, of Bacillus typhosus in sterilized wcter under various
conditions.

Cultures in open
window facing
east, in summer.

Culturesin dark- | Culturesin dark-

Source of water. ness at 10° C. ness at 20° C.

A, B. C. A. B. C. A B. C.

Distilled. . ...c.oveieiiiiiniiiiiii s 51 25 22 22 54 39 22 25 45

Mississippi River above Grafton....... O 't 2 P 40 ... 37 el 45 60
Drainage canal at Lockport............ . 4. 22 54 54 | ... 40 31 22
Missouri River at Fort Bellefontaine.........{ 59 57 [ P . |57/ PR B
Mississippi River at Chain of Rocks.......... 59 59 34 54 55 54 |...... 46 45

A second series of tests on the longevity of Bacillus typhosus, made
to determine the length of time in which the bacillus persists in live
water, was then described. Samples of water were collected at vari-
ous times from Chicago River, the drainage canal at Lockport, Illinois
River at Peoria, and Mississippi River at the Chain of Rocks intake.
Then 200 c. c. of each of these samples were poured into sterilized
Erlemeyer flasks and carefully stoppered. Some flasks were exposed
to sunlight by placing them upon a shelf in a window facing the
south, where the direct rays of the sun impinged on them from 10.45
a. m. to 2.15 p. m., the total average time of exposure daily being
about three hours. Others were kept in cold storage. The results
were as shown in Table 11. (470-477.)
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TaBLE 11.—Longevity, in days, of Bacillus typhosus in water from various sources.

Length of life in—
Sampling point. Refri
. o
Sunlight.| .04 2
Chicago River at Adams Street. .. ... .o oo oot il 4 5.5
Drainage canal at Western avenue, Chicago. .............ooiiiiiiiiiiiaiio.. 6 7.5
Drainage canal at LoCKPOIt. .. ... ... e i 4.75 10. 66
Drainage canal above controlling works, Lockpori.. ... . . ...l 9
Drainage canal at Fackson street, Joliet._....._. 9 13
Illinois River above Peoria..... 7.66 11.5
Illinois River at Pekin.......... .. 7 15
Laboratory tap, St. Louis...... . . 7 12
Chicago River at Adams street (sterilized water) ... .. .. ... ... ... ... l 16 |.....
Drainage canal at Lockport (sterilized water) ... ... .. .. ... . ... [ERRRRRRE 23

The witness then discussed the results of other tests durirg June,
July, and August, 1900. Sterilized distilled water at 10° C., culture A
thirty-three days, B thirty-five days, C thirty-one days; sterilized
Mississippi water, Grafton, culture A fifty-five days, B fifty-two days,
C fifty-seven days; sterilized Missouri water, Fort Bellefontaine, cult-
ure A fifty-five days, B sixty-two days, C sixty-five days; sterilized
Illinois River water, Lockport, culture A forty-four days, B fifty-
eight days, C thirty-one days; sterilized Mississippi water, intake, cult-
ure A fifty-one days, B fifty-four days, C fifty-two days. (477-478.)

Testifying further, the witness stated that it was impossible to
obtain in laboratory experiments the conditions which prevail in a
running stream; but inasmuch as the laboratory conditions are more
unfavorable to the longevity of typhoid bacilli than the stream con-
ditions the results of laboratory experiments are conservative. He
said that it had never been determined how long bacteria survive in
a running stream. (478-480.) -

In reply to questions concerning the population tributary to the
Illinois River system, and.the Chicago drainage canal, the amount of
sewage derived from the population and the effect thereof on the
streams involved, Doctor Ravold testified as follows:

The sewage of upward of 2,000,000 people enters the Chicago
drainage canal above the controlling works at Lockport. Determina-~
tions made by the witness and confirmed by the work of other inves-
tigators reveal the fact that from 3 to 6 ounces, dry weight, of fecal
matter and 40 ounces of urine are voided each day by the normal
human being. A calculation based on 3 ounces of solid matter and
40 ounces of liquid per capita, and 2,000,000 as the population tribu-
tary to the Chicago drainage canal, would give a total excrstion of
1873 tons of fecal matter and 670,000 gallons of urine per day. It is
commonly assumed that the amount of sewage in a city is fairly
represented by the amount of water consumed. The water con-
sumption in Chicago being placed at 150 gallons per capita per day,
the total daily sewage discharge would be 360,000,000 [300,000,000%]
gallons. (767-769.)
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Doctor Ravold then calculated the percentage of sewage to water
in the Chicago drainage canal at the controlling works. The maxi-
mum discharge over the controlling dam being 300,000 cubic feet
per minute, the proportion of sewage to pure lake water would be 1
to 9. The effect of all this contamination was to render the water at
the controlling works extremely foul, and the results of the bacterio-
logical examinations which he had presented were sfficient to sub-
stantiate this statement. One of the observers employed by the city
of St. Louis had seen 500 dead fish pass over the controlling dam in a
period of ten minutes. (769-770.)

With reference to the city of Peoria, the witness stated that a
calculation based on a population of 56,100, as given by the census of
1900, the minimum flow of Illinois River past Peoria of 1,200 cubic
feet per second, and a sewage outfall at Peoria proportional to that
of Chicago, namely, 150 gallons per capita per day, would give the pro-
portion of sewage to water 1 to 92 at the low-river stage. The witness
stated that if the 300,000 cubic feet per second added by the Chicago
drainage canal were unpolluted lake water the dilution of sewage at
Peoria would be 1 to 413, which, in his opinion, would reduce to a
minimum the danger from Peoria pollution to the places below, such
as Grafton. (772-773.)

Doctor Ravold then gave facts concerning the pcoulation in the
drainage basin of Illinois River and the sanitary district of Chicago,
giving credit for the data to Liyman E. Cooley and Jacob A. Harman.
The information is summarized in Table 12. (774-77¢.)

TABLE 12.—Population of Illinois Rwer drainage basin.

Population.
River basin. Flow.
. Urban. Rural. Total.
Second-feet.
Desplaines River. . .....oc.oiiiiiiiiioieiiinaeaennan- 13.21 20, 354 45,247 75, 601
Dupage River. ... i 32.77 5,344 10,890 16,234
Kankakee River.. . ... oiiiiiiiiiiiaiia.. 509. 24 26, 697 140,441 170,138
Fox River........ - 329. 95 72,763 89,889 162, 652
Vermilion River.. ... .. .. . it 4.00 17,543 43,257 60, 800
Mackinaw River. ... ... . i 5,247 30,106 35,353
SPoon RiVer. ... o i 87.76 19,619 55, 426 76,074
Sangamon River............ ...l 372. 30 103,720 177,638 281,358
Crooked Creek. ....oucueeeaneioneaieeiieceneeeenee i 12,739 44,289 57,028
Macoupin Creek. . ......ooovoiiiiiii i 9,155 32,296 41,453
McKees Creek. ......... T 8,823 8,823
IHinois Rivera.... ... .. ... ...ocoioo.ouus S R R 135,139 184,877 320,016
Sanitary district of Chicago..........ooieimoaiiii o 1,800,000 |........... 1,800, 000

a Not including drainage canal.

Taking up the sources of pollution along Mississipni River below
Tllinois River, the witness stated that Alton had & population of
15,000. The sewage from this city is discharged into the Mississippi
by five main outlets, three of which empty into tl's river behind
dikes, which effectually check that portion of the sewage from becom-
ing mixed at'once with the waters of the river. (776.)
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He then summarized the bacteriological evidence with reference to
sampling stations maintained above Alton and at Hartford, a few
miles below Alton, the results of which are given in Table 13. (778-
778.)

TasLE 13.— Monthly averages of quantitative bacteriological determinations of Mississippi
River water 1 mile above Alton and opposite Hartford, and percentage of samples in
which Bacillus coli communis was found.

Alton. Hartford.

Month Bacteria | Per cent | Bacteia | Per cent
nth. per cubic | of B. colij percubic |of B.coli
centi- com- centi-~ com-
meter. munis. mete-~. munis.
1900.
B2 41515 o - 118, 800 14 90, 600 17
Fehruary.... ..o . 192, 500 17 140, 600 50 -
March. . ... .. ... 192, 300 51 208, 300 52
Aprilo. ..o 29, 400 39 29,700 41
May. . .o 10, 300 54 12, 800 86
June.......... e 8,200 60 5,800 61
July .o 7,700 52 61,000 55
August_ . ...l 2,400 88 2,100 89
September. ... ... ... ... e 2,600 90 2,800 93
October................... fogp T e 2,100 100 2,400 100
901.
OCtODeT . . o e i 1,137 100 2,141 86. 4
November. ... ... .. i | 1,566 77 3,000 56

Taking up the consideration of this evidence, the witness stated that
if it is assumed that the whole sewage of Alton becomes mixed with
the water of the Mississippi at once and is carried directly toward
Hartford with a minimum flow of 25,000 cubic feet per second in the
river, it will be seen that the Alton sewage, representing 15,000 people,
1s diluted over 70,000 times; in fact, the results in Table 13 above
indicate that the sewage is so largely disposed of by dilution that the
bacteriological results at Alton and Hartford show no difference.
From the evidence thus presented, the witness asserted that it-was
his expert opinion that ‘“the sewage of the city of Alton has no effect
on the sanitary condition of the Mississippi River water at Fartford.”
(778-779.)

Doctor Ravold then proceeded to a discussion of the work per-
formed by him with reference to Bacillus prodigiosus and its
longevity when placed in the waters of Mississippi and Illinois rivers.
Inasmuch as the testimony created considerable comment at the time
and was brought out by the witness as a strategic move of grest import-
ance to the plaintiff’s case, it will be given nearly in full. (779-787.)

The Bacillus prodigiosus is a micro-organism discovered by Ehren-
berg. It is a trifle larger than the typhoid bacillus and is nonspore
forming and nonpathogenic. The name was derived from the fact
that in European countries the host in the chalice of Catholic churches
has a red growth upon it which in early times was declared to be the
blood of Christ. This red growth was investigated and found to be
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in one case a micro-organism which produces within its cell a red pig-
ment. This is the legend connected with the name, and it was called
therefore B. prodigiosus. It has been very rarely found in the waters
of America and apparently is not a germ which is domestic to this
country, although it is said that in Europe and in Egypt it is found
abundantly in surface waters. It grows very freely or the ordinary
culture media, and its behavior and appearance are so characteristic
that it is easily identified.

In the investigation made by the witness, beginning in August, 1899,
and extending to August, 1900, every sample of weter that was
received was examined for distinctive bacilli, but B. prodigiosus was
never found. Throughout the examinations it never appeared in over
10,000 samples of water from Lake Michigan, the drainsge canal, Mis-
sissippi and Illinois rivers, except when it was placed there by the St.
Louis investigators. It was therefore concluded that B. prodigiosus
was not a normal inhabitant of the streams under investigation and
that it was rarely, if ever, present.

In August, 1900, the witness prepared a 40-gallon barrel full of a
broth culture of B. prodigiosus. The barrel was first sterilized with
steam heat and was then filled with boiling hot water and allowed to
stand until cool, but while the water was boiling hot 1 pound of steril-
ized Liebig’s beef extract was mixed into it. After two or three days
when the water was sufficiently cool, a large number of B. prodigiosus
in a broth culture were placed in it. This particular culture of B.
prodigiosus came from Europe and was given to the witness by Dr.
Ludwig Bremer several years previous. The barrel culture was
allowed to develop until it was found that each cubic centimeter of the
broth contained over 1,000,000,000 bacilli. August 31, 1900, this bar-
rel of prodigiosus broth was emptied into the Mississippi just below
the mouth of Illinois River. September 3, four days later, the organ-
ism was found in a sample collected in the channel of tl'= river above
Alton, but at no other place. September 20 the experiment was
repeated. A barrel containing 40 gallons of the same culture was
emptied at the same point, and September 23 the organism was found
in a sample collected near the Illinois shore of the Missis:ippi at Chain
of Rocks. October 18 the bacterium was again found in a sample col-
lected from the laboratory tap at the old city hall, St. Louis, and Octo-
ber 24 in a sample collected near the Illinois shore of the Mississippi
at Chain of Rocks.

Preparations were then made for an extensive experiment which it
was believed would be conclusive. The object was to empty into the
Chicago drainage canal a large quantity of Bacillus prodigiosus and to
identify it, if possible, along Illinois River and even to the St. Louis
intake. The witness made the following preliminary statement: ‘I
must say that in the first place I needed a courageous man to do this
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thing—a very powerful man —and I didn’t know where to look for him
except in a brother of mine whom I brought up from Arizona; he
knows a thing or two about taking care of himself and is physically a
powerful man.” November 6, 1901, ‘“in spite of the active vigilance
of the police,” E. J. Ravold successfully emptied into the drainage
canal at Lemont, 8 miles above the Bear Trap dam, 107 barrels of
prodigiosus broth, wiich contained 40 gallons each. There were over
1,000,000,000 bacilli per cubic centimeter in each of these barrels.

All the laboratories along the river were notified and samples were
collected every hour of the day and night at the Bear Trap dem, in the
drainage canal; at Joliet, Peoria, and Grafton on Illinois River; and
at the intake of the St. Louis waterworks at Chain of Rocks. The
bacillus was not found by Dr. W. C. G. Kirchner, stationed at Joliet.
It was found at the St. L ouis laboratory in a sample collected by Mr.
Werner at the intake tower, Chain of Rocks, at 8.45 a. m., December
4, and again on the 5th, in the sample collected at 9 a. m. It was
found December 6 in a sample collected by Mr. Homer from Illinois
River above Grafton at 8 a. m., and again in a sample taken from the
same point at midnight, December 7. (779-784.)

Doctor Ravold then described experiments made to determine the
longevity of Bacillus prodigiosus, the results of which are set forth in
Table 4. (785.)

TaBLE 14.—Longevity of Bacillus prodigiosus in water under different conditions.

. Duration|

Steril- Temper-| Lon-

Source of water. ized. Place kept. 0[2 gs};ltn- atuge. gevity.

Hours. Days.
Laboratory tap@.e...coveeiiiiiiiiiiiaa ...| Openair.......... 9.5 2
Drainage canal above Lockport....... e O indow.......... 3 10
Desplaines River at Johet.......... P I do...coeuals 3 7
Chicago River at Adams street...............| Yes...|..... do............ 3 11
Drainage canal at Lockport........ .- . Refrigerator...... Dark. 32
Desplaines River at Joliet.................... [ P Ouviicaannnn Dark. t41
Drainage canal at Western avenue, Chicago..| No....l..... do............ Dark. 31
1ilinois River at Pekin bridge................ No....|..... do.......o...t Dark. 53

e Suspended on cord, 8 feet from south wall of laboratory building.

Comparing the above results with similar tests made on the bacillus
of typhoid, which are outlined in previous pages, Doctor Ravold con-
_cluded as follows: '

With these micro-organisms side by side, comparative estimates
were made of the longevity of Bacillus typhosus and B. prodigiosus in
separate samples of water, collected at the same time and ylace, and
kept under the same conditions as to temperature, sunlight, and
darkness. B. prodigiosus in sunlight, in living waters, that is, non-
sterilized waters, lived from two to ten days; B. typhosus in sunlight
and in living waters lived from twenty-four hours to ten cays. B.
prodigiosus lived in the dark, in living waters, from thirty to fifty
days and was still alive when the experiments ceased; B. typhosus
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under like conditions lived from twenty-four hours to twenty-one
days, showing that B. prodigiosus is an organism which closely resem-
bles B. typhosus in its power to resist unfavorable surroundings.

As a result of these experiments the witness declared it to be
highly probable that a typhoid bacillus can be carried in its virulent
condition from the Chicago sewers, by way of the drainage canal and
Illinois River, into the St. Louis water intake, especiall during high-
water conditions. (788)

Continuing, the witness testified that it was impossible to deter-
mine the absolute longevity of the typhoid bacillus in running water,
because the conditions which prevail in a running stream can not be
reproduced in laboratory experiments. In stagnant waters, such as
are kept under observation in laboratory experiments, the water
bacilli destroy the life of the typhoid bacilli. If typhoid bacilli are
placed in foul water, such as that taken from the Chicago drainage
canal, the water bacilli increase enormously, but the typhoid bacilli
do not increase. The destructive action of the water bacillus on .
organic matter, both solid and liquid, in water resul‘s in the pro-
duction of poisons which act deleteriously on both the water bacillus
itself and the pathogenic organisms in the water, so that in labora-
tory experiments bacilli die much more quickly in living water than
they do in water which has been sterilized. In streams, however,
the typhoid bacilli, which are motile, can move out of the influence
of these poisons and thus prolong their life. (790-791)

In response to a series of questions concerning -the probability of
destruction of bacteria by sunlight in streams, the witness stated
that the assumption that bacteria were destroyed in a few hours by
this cause is unfounded, although there is no doubt thet the effect of
sunlight is detrimental. Practically, this effect depenc's on the char-
acter of the stream and especially the turbidity of the water and the

_depth to which it will admit the sun’s rays. A turbid water will pro-
tect bacteria from the sun; in the Illinois, for example, the effect
of the sun would be dissipated in a depth of less than 1 foot. It
was then brought out, by leading questions of counsel, that in the
opinion of the witness the bacteria are endowed with instincts of
self-preservation and, being motile, can escape from adverse condi-
tions in the water. In case the sun’s rays are detrimental, they can
go deeper into the water, and if they enter strata of water having a
greater velocity than at the surface or at the bottom of the stream,
they will be carried downstream at a faster rate, to the increased
detriment of municipalities along the lower reaches of the stream
which take their supply from it. (797-799)

The witness then asserted that in his opinion the bacteriological
experiments indicate that bacteria discharged by the drainage canal,
especially in high-river stages, are carried into Missiscippi River by
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way of Illinois River and enter the intake of the St. Louis water-
works. Bacteriologically, the water of the Mississippi at the 't. Louis
intake is impure and unfit for human consumption. (799-803)

The witness then sought to justify his conclusions taken from his
experimental work on longevity of the typhoid bacillus as follows:

Bacillus typhosus will survive in sterilized distilled water, or water
containing no food supply, “a great number of days.”” In sterilized
river water containing no water bacteria, but retaining the foorl supply
and many of the toxins produced by bacterial life, they will live “a
great number of days,” experiments having shown that at the end of
sixty-five days they were still alive. In unsterilized river waters, or
“living waters,”” in flasks sown with typhoid the water bacteria increase
enormously either in the sunshine or in the dark refrigerator at 16° C.,
up to a point at which they have apparently exceeded the food supply
and—what is more important—have produced toxins which injure or
actually destroy the other bacteria. Nevertheless, in the experiments
of the witness the typhoid bacillus lived under these identical condi-
tions a maximum period of twenty-one days. Several theories which
have been promulgated to account for the disappearance of bacteria
in living waters were then explained. First, the plankton, or the
lower forms of animal and vegetable life which inhabit waters, are
said to feed on bacteria. This, according to the witness, is not sub-
stantiated by any scientific proof. The second theory assumes the
absorption of food supply by the associated bacteria. The witness
believes this to be unimportant, because of the fact that, as experi-
ments show, the typhoid bacillus lives for ““a great number of days”
in distilled water. Third, the toxins produced by the associated bac-
teria have a destructive action on the typhoid bacilli. Now, in
streams where water is in constant motion, carrying away the toxins
produced, and where the food supply is abundant and the bacteria
per cubic centimeter less mumerous, the typhoid bacillus can swim
away from ‘“uncomfortable surroundings.” It would therefore seem
that the conditions which prolong the life of the typhoid bacillus
would act more favorably in a running stream than in the stagnant
water of a laboratory flask. Therefore, in the opinion of the witness,
conclusions based on laboratory experiments err, if at all, on the side
of safety. (804-807.)

The laboratory experiments indicate that bacteria would live from
four to twenty-one days in the various streams connecting the Chicago
drainage canal with the Mississippi at St. Louis. If, however, the
more favorable conditions in the running streams were taken into
consideration, a conservative estimate of the longevity would be from
fifteen to thirty days. -Assuming, then, that the time consnmed in
traveling from Chicago to the St. Louis intake would be seventeen
days, and allowing three days more for storage at St. Louis and final
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distribution, the witness regarded it as highly probable that typhoid
organisms would be delivered to the consumer in a condition suffi-
ciently virulent to cause disease in a susceptible individual. (807-
808.)

After discussing the various factors which cause the disappearance
of bacteria in running water—namely, aeration, dilution, sunlight,
sedimentation, disappearance of food supply, and production of
toxins—the witness stated that sedimentation and dilution are the
prime factors, and that in case a large number of pathogenic bacteria
are deposited on the bottom of a stream by sedimentation they would
not necessarily be killed by this process, but would b washed up
again by any disturbance, such as a freshet or dredging, and would
be carried downstream and probably cause disease. Under such an
assumption the witness admitted that the longevity of the organism
would be a factor and that some of them would be destroyed by infu-
sorial life. (809-813.)

The witness then considered the series of samples collected between
February & and 20, 1900. These samples came from Illinois River at
Peoria and Grafton, from Mississippi River above Gr-fton and at
Alton and Hartford, from Missouri River at Fort Bellefontaine, and
from Mississippi River at Chain of Rocks along the cross section
defined by the intake tower and the Illinois and Missouri shores.
"The samples from Illinois River at Peoria and Grafton were almost
black, the Mississippi water above Grafton was remarkably clear,
while Mississippi River flowing by Alton and Iartford showed a
mixture of the two waters. That from Missouri River was exceed-
ingly clear, as was that taken from Mississippi River near the Mis-
souri shore at Chain of Rocks, but the Mississippi water near the
Illinois shore was black. At the intake tower there was a distinct
mixture of the clear and the black water which represented a mean
between the two streams on either side of the river. The bacterio-
logical results confirmed unmistakably the conditions indicated by
physical examination. The number of bacteria in the Illinois
samples was very high; a lower number appeared in th'~ Mississippi
samples above Grafton, and the lowest in Missouri River at Fort
Bellefontaine, while the samples taken from the intake tower showed
a distinct mixture. The rivers were covered with ice during this
period. Subsequent to this, but within the incubation period of
typhoid fever, there was an enormous increase in the occurrence of
the disease in St. Louis, 117 cases and 16 deaths occurrng in March.
In connection with this the witness recalled the fact that the Chicago
drainage canal had been opened January 17, and that the samples just
discussed were collected from February 8 to 20 following. There was
a heavy thaw in the Illinois River basin about February 10, which did
not extend to the basins of the upper Mississippi and IMissouri until
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some time later, and therefore the Illinois River water larzely pre-
dominated in the Mississippi at St. Louis. From this the witness
deduced the following conclusions: A great mass of filth had accumu-
lated in the Chicago drainage canal previous to its opening. When
the Bear Trap dam was lowered this material rushed down the valley
and could be readily traced by the naked eye. At that time Illinois
- River was low, and the greater part of the foul mud wes finally
deposited on the bottom of the stream. As during the winter months
the anaerobic bacteria were ineffective, the foul material remained
unchanged, and when it was carried down into the Mississippi by the
flood it must have been in a highly virulent condition.: (835-840.)

Pages 406-449, inclusive, of the record give the testimory of the
witness in regard to typhoid at St. Louis. He stated that prior to
1895 the St. Louis water intake was located at Bissells Point, about
3 miles above Market street and just above the present Merchants
Bridge across Mississippi River. About 1,000 feet above this intake
Harlem Creek discharges into the Mississippi. At that time prob-
ably about 10,000 people lived in its drainage area, the sewage from
whom, as well as offal from a number of dairy stables, divcharged
into this creek. All this material during freshets was washed into
the Mississippi and at times flowed directly into the Bissells Point
intake. The result was an extended epidemic of typhoid fever in
St. Louis, beginning in August, 1892, and continuing until February,
1893. The water commissioner placed a dam across Harlem Creek
500 yards back from Mississippi River and diverted the water down-
stream to a point below the intake, with the result that the epidemic
was ended. Typhoid fever, however, continued to be excessive in
St. Louis until 1895, when the intake was removed to its present
location at Chain of Rocks, after which there appeared to be a great
improvement.

The witness gave the number of cases of typhoid fever and deaths
therefrom in St. Louis during each week of the period 1890 to 1900,
inclusive, with the exception of 1892, 1893, and 1894. The figures
appear on pages 419 to 432, inclusive, of the record. The monthly
statement computed from these and other figures is reproduced in
Table 1.

The evidence given in Table 1, together with a statement of Mis-
sissippi River gage heights at St. Louis during coincident periods,
was introduced in diagrammatic form and designated Complain-
ant’s Exhibit No. 10. The diagram showed simply that as a whole
low gage heights were accompanied by high typhoid morhidity in
St. Louis.

A special chart, designated Exhibit No. 10a, was then intro-
duced into evidence and is herewith produced as Pl. I. It contains
curves indicating the number of cases and deaths from typhoid fever
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in St. Louis during the year 1900, gage heights of Mississippi River
at St. Louis and of Missouri River at Hermann, Mo., during the
period, and the proportion of Mississippi River water entering the
St. Louis waterworks intake at Chain of Rocks, determined accord-
ing-to the relative amounts of total solids found in daily samples of
the -water taken from Missouri River at Fort Bellefontaine and from
Mississippi River at Hartford and at the intake. This method of
determination will be discussed in connection with the testimony of
Professors Keiser and Teichmann.

In: discussing Exhibit 10a (Pl I) the witness called attention to
the fact that in the early part of the year 1900 the proportion of
Mississippi River water entering the intake increased, reaching 100
per cent February 8, but falling rapidly to 12 per cent February 15.
The period of incubation of typhoid fever varies from five or six
days to three or four weeks. March 3, or twenty-three days after
February 8, the date at which 100 per cent of Mississippi River
water entered the intake, there was an increase in the number of
typhoid cases, which reached a maximum March 17. The witness
further called attention to the fact that from Januarr 27 to Feb-
ruary 10 both Mississippi and Missouri rivers were fall'ng, but that
according to the gage height records at Peoria, Illinois River was
high. These records show that there was a steady rive from Jan-
uary 17 to 29, and the inference drawn from this was that a large
percentage of Illinois River water was directed into the intake at
Chain of Rocks and produced the typhoid above noted. March 24,
25, 26, 27, and 28, 100 per cent of Mississippi River water was going
into the intake. There was a fall to 62 per cent on Merch 29 and a
rise on March 31 to 100 per cent. April 1 the proportion was 87 per
cent; April 2, 50 per cent; April 3, 62 per cent; April 5, 56 per cent;
April 6, 32 per cent; and April 7, 1 per cent, after which it rose
rapidly. The proportion of Mississippi River water in the intake
fell during the summer, fluctuating until August 7, when it reached
6 per cent. By August 31 it had risen to 50 per cent. During all
this time the number of typhoid cases in St. Louis ircreased with
the increase in the proportion of Mississippi River water at the
intake tower. This proportion fluctuated between 10 per cent Sep-
tember 15 and 46 per cent September 22. After this there was a
steady rise, until a percentage of 64 was reached Octolor 4. It fell
again October 6 to 27 per cent, rose on the 7th to 42, fell on the 9th
to 24, and rose on the 10th to 26. From all this Doctor Ravold
concluded that when the volume of the river is very great the per-
centage of typhoid is very low, and that the typhoid increases with
the increased percentage of Mississippi River water going into the
intake. (432-447.)

Doctor Ravold described in some detail the great typhoid epi-
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demics at Plymouth, Pa., and at Lowell and Lawrence, Mass., as
well as several which had taken place in Europe. (463-467, 739-752.)

He then gave a record of the deaths from typhoid fever in repre-
sentative foreign and American cities, the substance of which is
included in Table 15. (753-755.)

TaBLE 15.—Deaths from typhoid fever per 100,000 population in different cities, 1890~

18946.
Filtered or upland water supplies. Polluted water suplies.
Year. . -

Rg;::::‘r- Munich. } Berlin. | Vienna. | Chicago. g:g"gs‘ Iﬁﬂg' St. Louis.
6 8 9 @ 92 ... .. 88 94

4 7 10 6 154 100 81 30

6 3 8 8 106 100 72 37

5 15 9 7 45 111 84 103

5 2 4 5 31 56 72 31

2 3 5 6 32 77 77 19

12 3 | 5 5 46 61 45 19

Continuing, Doctor Ravold discussed a chart which was presented
in evidence, showing the incidence of typhoid fever and its results in
St. Louis during the decade 1890-1900. The chart emphasizes espe-
cially the fact that from January, 1890, to September 28, 1894, during
which time the water supply was taken from Bissells Point, where it
was constantly contaminated by the waters of Harlem Creek, the cases
of typhoid fever numbered 6,222 and the deaths 1,268. During the
period from September 28, 1894, to December, 1900, when the supply
was taken from the new intake at Chain of Rocks, the cases of typhoid
fever numbered 2,490 and the deaths 562, indicating plainly a decrease
in typhoid-fever rate of 125 per cent. This chart further showed that
during the three years intervening since the opening of the Chicago
drainage canal and the end of the year 1902 there had occurred 3,246
cases of typhoid fever and 588 deaths, an increase since the opening
of the canal of 68 per cent.

The record for the three years previous to and the three years subse-
quent to the opening of the Chicago drainage canal is as follows:

TABLE 16.— Typhoid-fever cases and deaths at St. Louis, 1897-1902.

Year. ‘ Cases. | Deaths. Year. Cases. | Deaths.
| 1
1807 5 ‘ 433 125 | 1900, ... oo 1,23 168
1808. ..o 426 05 | 1901, . ... e 1,101 198
1899, .. e t 948 130 || 1902, .. ..., 1,112 222

The witness endeavored to explain the increase in the number of
cases oceurring in 1899, previous to the opening of the Chicago drain-
age canal, as due to the fact that in that year the water in Mississippi
River was so low that it was feared that the lowest gates in th» intake
tower would not admit enough water to supply the city, so that a
cofferdam was built about the intake and workmen were engaged to
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put a lower gate in the tower, the contention being that the unavoid-
able stirring up of mud which accompanied this work was responsible
for the increase in the typhoid-fever rate during that yeor. The wit-
ness stated that in addition to this, extensive dredging was going on
in Illinois River at Kampsville. (763-765.)

With reference to the comparative reliability of morbidity and
mortality statistics in determining the prevalence of typhoid fever,
the witness expressed a preference for the mortality date. and justified
his conclusions as follows: _ :

‘When we go back over the statistics—that is, of the typhoid-fever cases and deaths—
take the case of Plymouth, for instance; there were 1,104 cases and 114 deaths, 10.3
per cent; in other words, 10 out of every 100 died; and my persoral experience in this
city, in hospitals, would make the per cent anywhere from 7 to 15, depending upon
the stage of the disease in which the typhoid cases reached the hospital, while in my
experience for twenty years as a practicing physician in this city, in the treatment of
typhoid fever, the relation of deaths to cases would not be 1 to 15—that is, practising
in the homes of the individuals sick. The reason for this is that we see the cases early
and can do more for them at home, while in the hospitals the patient reaches there after
he is seriously sick and the chances for treatment and recovery are not so good, so these
figures on the chart, showing the relation of cases to deaths, are not comparable at all.

Take any one of these years—any one ‘you may please. We find that for 1892, for
instance, we have 488 deaths and 3,624 cases recorded. There ought to be at least
5,000 cases recorded by physicians—or take the lowest there, 1898, 95 deaths, which
would mean 950 cases in the town.

" The witness concluded from this that physicians had not reported
every case, but reported necessarily every death. (765-766.)

CROSS-EXAMINATION.

The most of the cross-examination (837-949) consisted of a review
of the statements already made by the witness, and onl> a few of the
important facts not brought out during the direct examination will be
mentioned here.

The witness stated that the results of the examination of the water
of Illinois River carried on during 1899 were not, in his opinion, a fair
test of the conditions.

A series of questions was then put to the witness, the purpose of
which was apparently to show that, sedimentation and dilution being
important factors in the disappearance of bacteria {rcm water, the
conditions along Illinois River were favorable for such disappearance.
The witness conceded that there must be considerable sedimentation .
at numerous points along the river where the channel assumed the
form of a basin, or where dams were built across the channel. He
denied that there was any significant amount of sedimentation in the
basin at or near Joliet, but conceded that at such places as La Salle,
Peoria, Henry, Copperas Creek, Lagrange, Beardstown, and Kamps-
ville considerable sedimentation occurred. The witness confessed
ignorance concerning the amount of water normally contributed by
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each of the tributary streams of the Illinois basin, but admitted that
there must be considerable dilution. It was then admitted that there
are on Mississippi River and its tributaries entering above St. Louis
many other cities which discharge raw sewage into the streams, and
that it would be impossible to determine whether typhoid bacilli occur-
ring in the water at the St. Louis intake came from the Chicago drain-
age canal or from the sewers of the cities mentioned. He further
admitted that the drainage area of Illinois River was very small com-
pared with that of the Missouri and upper Mississippi and stated that
his conclusion as to the dangerous quality of water from Illinc's River
was based on the discovery not of organisms which actually produce
disease, but rather of kindred species which are known to accompany
them.

Doctor Ravold admitted that there had not been in this country
any authentic report of a water-borne typhoid epidemic in which the
proved source of contamination was at a greater distance then about
50 miles, but explained this by stating that when greater cistances
were involved the difficulty of such proof became insurmountable,
inasmuch as there were always other towns in the drainage area which
complicated the field of research.

The witness expressed his opinion that no running stream on which
towns or villages are situated is fit as a source of water for domestic
use without purification, and in this connection many instances of
typhoid epidemics were cited to support his statement.

WILLIAM C. TEICHMANN.
DIRECT EXAMINATION.

Dr. William C. Teichmann, a witness called in behalf of the com-
plainant, testified that since April, 1893, he had been city chemist of
St. Louis. He was graduated from the academic department of
Washington University in 1875; in the fall of the same year entered
the Polytechnic College of Brunswick, Germany, and there studied
chemistry until the summer of 1879; in the fall of 1879 he entered the
University of Berlin and continued the study of chemistry and other
courses. During this period he made a specialty of water analysis
under Prof. Ferdinand Tiemann. In 1881 he entered the University
of Leipzig, and in 1882 the University of Munich, remaining there
until 1885, when he graduated as a doctor of philosophy in cl emistry
and bistory. On returning to this country in 1885 he engaged in
literary pursuits until 1890, when he again took up chemistry and
served as private assistant to Charles O. Curtman, professor of chem-
istry in the Missouri Medical College of St. Louis. In 1891 he became
assistant instructor of chemistry in this college, retaining this position
until 1896. As city chemist his duties had been the anslysis of
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waters, disinfectants, medicines, and articles of food under the
department of health and for the city institutions, together with
toxicological work for the police department. (1148-1150.)

Doctor Teichmann stated that he had charge of tke chemical part
of the entire investigation carried on by the cemplainant; that he
had organized the system of collection of chemical stmples and had
directed as well as taken part in the chemical procedure. The chem-
ical work was divided into several periods, which will be taken up in
chronological order. (1151-1155.)

The first period commenced August 23, 1899, and closed January
22, 1900. The samples were not taken at regular intervals, but only
at such times as the city harbor boat and the funds at the disposal of
the witness permitted. The total number of samples collected during
this period was 142, taken from the following points (641-643):

Samples of water collected from August 23, 1899, to January 22, 1900.

Number of
samples.
Mississippi River at Chain of Rocks, near intake tower of St. Louis vrater supply . 26
Mississippi River at Chain of Rocks, near Missouri shore.........._........... 3
Mississippi River at Chain of Rocks, near Illinois shore....................... 3
St. Louis waterworks distributing well. ... .. . . ... 28
Mississippi River at Madison Landing, between Chain of Rocks s#nd mouth of
Missouri River, near Missouri shore. . ............. oo 3
Mississippi River at Madison Landing, near Illinois shore..................... 7
Mouth of Missouri River.. .. ... . .. 10
Mississippi River at points between Alton and mouth of Missouri River........ 13
Mississippi River at Clifton Terrace.. .. ... ... . ... . .. ... .......... 6
Mississippi Riverat Elsah.. ... o Ll 5
Illinois River at points 1, 2, 3, and 5 miles above Grafton..................... 19
Mississippi River at points 1, 2, 3, and 5 miles above mouth of Illinois River.. 19

For about two months from the beginning of the work the samples
were collected in demijohns held in the hand under tte surface of the
water. After this period collecting machines were devised and the
water was taken at a point from 3 to 4 feet beneath tre surface. The
capacity of the bottles was one-half gallon. After the sample was
taken a cloth was tied over the stopper and the neck of the bottle or
demijohn, and a tag was attached to the bottle with sealing wax, the
seal of the city chemist’s office being used. (644-64f%.)

The second period extended from January 23 to Oztober 11, 1900,
the number of samples collected and analyzed dur‘ng that period
being 3,492. The samples were taken fromthe following points (1182-

1183):
Samples of water collected from January 23 to October 11, 1900.

Number of
samples.
Lake Michigan. .. ... .. i 11
" Chicago drainage canal above Bear Trap dam at Lockport..................... 219
Desplaines River at Joliet. . ... ... .. .. .. 219

Tllinois River 3 miles above Peoria. .c. ..o i 260
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Number of
samples.

Illinois River 3 miles below Pekin ... .. . ... ... ... ........ 1
Tllinois River at Pekin Bridge................ ... e 1
Ilinois River at Wesley. ... .. 1
Tllinois River 3 miles above Grafton._........._..... ... . .. ... . .. ... 265
Mississippi River 2 miles above Grafton...... ... ... ... . .. .. ... ..., 264
Mississippi River 1 mile above Alton......... . ... .. ... ... ... ... 260
Mississippi River opposite Hartford. ... ... ... . .. . ... ... 260
Missouri River oppogite Fort Bellefontaine...... .. .. ... . .. . ... ...._.... 261
Mississippi River at Chain of Rocks, near Missouri shore............... ... ... 253
Mississippi River at Chain of Rocks, near Illinoigs shore........ ... ......._ .. 246
Mississippi River at Chain of Rocks, at intake tower... .. ... .._........._. 250
St. Louis waterworks uptake.. ... ... ... ... ... Liiill [ 260
St. Louis waterworks outlet reservoir._....... i 261
Tap at city chemist’s office................. ... e 156
Harbor boat and special samples. ... ... .. . ... .. .. ... .. ... 47

After the close of this period weekly samples were taken until
November 30, 1900, at the following points (1183-1184):

Samples of water collected from October 12 to November 30, 1900.

Number ¢f samples.

Lake Michigan. . .
DesplamesRlverat Lockport e i
Illinois and Michigan Canal at Lockport ....................................
Desplaines River above entrance of Chicago dramage canal . e
Desplaines River at Ninth Street Bridge, Lockport. . . ... . ... .. .. ...
Bear Trap dam, Chicago drainage canal. . ... . ... ... ... .. ... ... ....
Desplaines River at Joliet ... ... ... .. ...
Illinois River 3 miles above Peoria. . . ... . . .. .. ... . ... . ... ...
Tllinois River 3 miles above Pekin._ ... ... ... .. . . .. . ... ...
Tlinois River 3 miles above Grafton. .. ... ... ... ... ... .. .. ... .......
" Mississippi River 2 miles above Grafton. ...... . ... ... .. ... . ... ... ...
Mississippi River 1 mile above Alton..._.... .. ... .. ... i
Mississippi River at Hartford . . ... .. .. . .
Missouri River at Fort Bellefontaine. . .. .. ... ... . .. .. ... . .. ... ...

IS JCREN G- IR - IR QRN 5 BECTEN SPR SN SRR I

Beginning with January 23 the samples were taken in duplicate and
registered at the. city chemist’s office, one of the duplicate samples
being analyzed there, while the other was analyzed in the laboratory
of Washington University under the supervision of Prof. Edward H.
Keiser. The chemical samples were sent to St. Louis by common car-
rier and were packed in ice.

From October 12, 1900, to September 30, 1901, daily samples were
collected from MlSSlSSlppl River at Chain of Rocks along the cross sec-
tion previously defined. Daily samples were also taken from the out-
let chamber of the St. Louis waterworks and from the tap at the city
chemist’s office. (661-662.)

The next period included the most thorough investigation and
extended from October 1 to November 30, 1901. The work consisted

IRR 194—07——4
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principally of a daily collection of samples at the following points
(1247-1249) ;

Illinois and Michigan Canal at Bridgeport.
Drainage canal at Bridgeport.

Drainage canal at Bear Trap dam, Lockport.
Illinois and Michigan canal at Lockport.

Desplaines River above Bear Trap dam, Lockport.
Desplaines River at Ninth Street Bridge, Lockport.
Desplaines River at Ruby Street Bridge, Joliet.
Desplaines River at Brandon’s bridge, Joliet.
Illinois River at La Salle.

Illinois River at Peoria, 3 miles above railroad bridge.
Illinois River at Pekin.

Illinois River at Kingston, 8 miles below Pekin.
Illinois River at Beardstown.

Illinois River at Grafton.

Mississippi River at Grafton.

Mississippi River at Alton.

Mississippi River at Hartford.

Mississippi River at Chain of Rocks, Illinois shore.
Mississippi River at Chain of Rocks, midstream.
Mississippi River at Chain of Rocks, waterworks intake.
Mississippi River at Chain of Rocks, Missouri shore.
Missouri River at Fort Bellefontaine.

St. Louis waterworks at outlet chamber.

Tap in city chemist’s office, St. Louis.

Triweekly samples were collected from Lake Michigan at Chicago
during this period and semiweekly samples from South Branch of Chi-
cago River, near the Chicago and Alton Railroad bridge; also from
Illinois River at Wesley, 3 miles below Peoria. Four sets of samples
were taken above and below each of the following points along Mis- -
souri River: Omaha, Nebr.; Kansas City, Jefferson City, Hermann,
and St. Charles, Mo. Two samples were collected from Missouri River
at Wathena, Kans.,, and two samples from Kaw River, near Argentine,
Kans. (1249-1250.) :

During this period occasional cross-section samples were taken at
such places as Pekin Bridge, Kingston, and Peoria. Illinois River;
Joliet, Desplaines River; Alton, Chain of Rocks, and Hartford, Mis-
sissippi River; and Fort Bellefontaine, Missouri River. (1250.)

The last period of examination extended from December 1, 1901, to
July 1, 1902, and represents the daily collection and analysis of sam-
ples from Mississippi River at the intake tower, Illinois shore, and
Missouri shore at Chain of Rocks, from the outlet chember of the St.
Louis waterworks, and from the tap in the city chemist’s office.
Duplicate samples were sent to Professor Keiser for examination.
(1289-1290.)

The witness prefaced his discussion of his analytical results by a
review of some figures by Lyman E. Cooley on the flow of Illinois
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River and its tributaries, in order that there might be a proper under-
standing of the effect of dilution.

Mr. Cooley gives the low-water flows in various parts of the Illinois
River basin as follows: Desplaines River above Lockport in 187, 256
cubic feet per minute; in 1879, 339 cubic feet per minute; Kenkakee
River, at Wilmington, during the twelve years from 1871 to 1883,
25,200 cubic feet per minute; Kankakee River at mouth, September
9, 1867, 27,377 cubic feet per minute; Fox River, at Ottawa, {eptem-
ber 17, 1867, 31,539 cubic feet per minute. On this date’the Mazon
was practically dry. Jn Illinois River, at Morris, from May 13 to 28,
1887, the water was within 2 or 3 inches of the lowest stage since 1856,
and it is doubtful if the amount exceeded 15,000 to 20,000 cubic feet
per minute, or 250 to 350 cubic feet per second. At least 60 per cent
of the water passing Morris in 1887 came from Lake Michigan. by the
Illinois and Michigan Canal, and probably one-half of the volume in
ordinary low-water years comes from this source. A measurement
made at La Salle by the canal authorities before the canal wes deep-
ened showed 37,900 cubic-feet per minute, and doubtless Lake Mich-
igan water has represented one-half of the volume passing in some
recent low-water periods.

In 1888 Illinois River at the Henry dam ran less than 500 cubic
feet per second for nine days, and at Copperas Creek the same amount
for twenty days. The water at Copperas Creek was at or below the
same level in 1887 for one hundred and seventeen days, in 1886 for
eighteen days, and in 1879 for forty-four days; at Henry in 1877 for
thirty days, in 1875 for forty-seven days, and in 1871 apparently for a
longer period. The volume in 1888 was less than that dis:harged
through the canal at Chicago for the same period. How much leakage
there might have been through the dams at this time is urknown.
In 1867 or earlier a measurement was made at La Salle of 623 cubic
feet per second; in 1879, 1,566 cubic feet; and in 1887, 1,6&5 cubic
feet. Part of the water in the last two measurements is chergeable
to Lake Michigan.

It is probable that since the Bridgeport pumps were erected in
1883 over half of the minimum discharge above Havana and one-
third of the minimum below the Sangamon has come from Lake
Michigan. For the purposes of calculation the normal low-water
volume is taken at 600 cubic feet per second for the upper se~tion of
the river. In 1887 60 per cent of the flow at Morris came from the
Tlinois and Michigan Canal, or, in other words, the natural flow of the
Illinois above that point was only 8,000 cubic feet per minute, or 134
cubic feet per second. Let it be assumed for the purposes of calcu-
lation that, independent of Chicago sewage, the natural low-water
volume for the section of the river above Havana is 300 ¢ cubic feet

a Probably a misprint in the record for 200,
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per second, and for the section below this point 800 cubic feet per
second. This is the condition prior to the opening of the Chicago
drainage canal. These figures show that the ratio of dilution of
Chicago sewage in upper Illinois River prior to the opening of the
drainage canal was 1:0.5, and in the lower division 1:2. (1163-1166.)
The witness stated that he had no personal data for Illinois River
previous to the opening of the drainage canal in 1900. He referred,
however, to the following reports which contain such data (1174):
Long, John H., Chemical investigations of the water supplies of Illinois: Rept. Illinois
State Board of Health, pt. 1. P .

Palmer, A. W., Chemical survey of the water supplies of Illinois.

Long, John H., Advance notes of the sanitary investigation of Illinois River and its
tributaries: Rept. Illinois State Board of Health, 1900.

Jordan, E. O., Some observations upon the bacterial self-purificaticn of streams: Jour.
Experimental Medicine, vol. 5, December 15, 1900.

Selected tables in these reports show, in the opinion of the witness—

1. That prior to the opening of the Chicago drainage canal Illinois
River was polluted by the effluent of the Illinois and Michigan Canal
to such an extent as to make the entire river a corduit for dilute
sewage. The dilution of sewage between Utica and tl's mouth of the
river was 1 to 2 in times of drought.

2. That while dilution, sedimentation, and oxidation are effective
in reducing the quantity of characteristic sewage ingredients, they
are not, in the case of Illinois River, sufficient to complete the process
previous to the discharge of the river into the Mississ'ppi.

3. That the tributaries of Illinois River are much purer than the
main stream.

4. That during the interval between 1888 and 1899 there was a
continual increase in the pollution of Illinois River while there was no
corresponding increase in the pollution of its tributaries.

5. That it is only necessary to consider the increase in the amount
of water pumped into the Illinois and Michigan Canal from Chicago
River and discharged therefrom into Desplaines and Illinois rivers,
and to recall the enormous growth of population and industries in
Chicago, to obtain the explanation of the gradual conversion of
Illinois River into an open sewer. (1174-1176.)

The witness then presented the results of his determinations of
certaln constituents in the water of Illinois and Mississippi rivers a
short distance above Grafton, from September 6, 1879, to January
17, 1900. (1177-1178.)
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TABLE 17.— Mazimum, minimum, and average resulis of analyses of water from Mis-
sisstppt and Illinots rivers 3 miles above Grafton, September 6, 1899, to January 17,
1900.

{Parts per million.]

l Illinois River. Mississippi River.
|Mnximum. Minimum. | Average. | Maximum. | Minimur. ‘ Average.
Residue on evaporation: ’ ‘
Total......................... 510 330 413 450 195 285
Dissolved.................... I 460 240 340 280 130 205
Albuminoid ammonia. ........... i .763 317 .553 .614 .3¢04 .503
Free ammonia. ... .. . .440 .091 .215 .134 .030 | .069
Nitrites..... . .020 .003 .012 . 008 .000 .002
Nitrates....... .- 1.1 .4 .8 .6 .2 .3
Oxygen consumed |
otal. .. ...l 6 3.1 4.1 11.4 4.6 6.9
Dissolved................... \ 4.9 2.3 3.4 8.9 2.9 5.6
ChloTine. .......ooieoeeoai s ‘ 36 15 25 9 4 6

The witness called attention to the excess in nitrites, free ammonia,
and chlorine of Illinois River over those of the Mississippi.

He then took up the discussion of analytical data procured from
September 6 to December 4, 1899, concerning the character of water
in Mississippi River between Grafton and Chain of Rocks, samples
being taken from points specified on page 48. (1179-1180.)

The results of the analyses of semiweekly samples taken at the
intake from October 16, 1899, to January 22, 1900, were then pre-
sented as shown'in Table 18. (1180-1181.)

TABLE 18.— Maximum, nauntmum, and average results of analyses of semiweekly sam-
ples from Mississippt River at St. Louds waterworks intake, October 16, 189¢, to Janu-
ary 22, 1900.

[Par:s per million.]

Maximum. | Minimum. | Average.

Free ammonia . 0.138 0.008 0.0063(?)
Nitrates.... .010 . 000 .002
Nitrates. ... .8 .2 -4
Chlorine. . .. ... i 27 9 17

The witness noted the wide variability of the water reported in
the above table and assigned as a reason the ‘““great fluctuations in
the daily varying mixtures of Mississippi and Missouri river waters
at the intake.” The following conclusions were then given from the
results of the work in 1899 (1181-1182):

1. The Illinois at its mouth was badly polluted.

2. The Mississippi above the mouth of Illinois River was of better
quality.

3. The Mississippi between Grafton and St. Louis showed the effects
of pollution from the Illinois, and on occasions when this water affected
the intake at Chain of Rocks the St. Louis water supply became pol-
luted.

4. Missouri River was generally purer than the Illinois above Graf-
ton and than the Mississippi below the confluence with the Illinois.
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The witness then proceeded to a discussion of the amount of Chi-
cago sewage entering Illinois River from the Chicago crainage canal
and the Illinois and Michigan canal. (1191-1196.)

He then presented ten charts, which were admitted in evidence and
marked for identification “Complainant’s Exhibits 52 to 61,” inclu-
sive. These charts contain in diagrammatic form the results of the
determinations of nitrogen as free ammonia, nitrites, and nitrates, and
of chlorine. The various records were grouped in different ways to
illustrate the various points brought out by the witness, k11t as many of
them constitute a duplication the charts will not be reproduced in
this review. The results of the tests are set forth in Table 19.

TABLE 19.—Results of sanitary analyses of water from designated points, January to
- October, 7900.
NITROGEN AS FREE AMMONIA.

[Parts per million.]

Mis- | Missis- | ypsoo0 .
: f < s qqi 5 F Missis- | Missis-
Ini- Ili- | Missis-|,r. | Missis-| souri | sippi P (D518
Bear Des- f f ooy | Missis-| TS H : sippi sippi
; nois nois sippi H sippi | River |River at|: :
gg e%]f_ g;fé) pgngxz«;s River | River Rger ﬁ'&%ll_ Rllzrer at Fort/Chain of gﬁ‘gg 3’}’ (I:‘hl_l‘v_er ag
11]1%1 — | Lock- at at at at above at Belle- | Rocks, Rockg Ra“ll;so
€7 | Port. | Jobiet. | Avery-| Grat- | Graf- | 3o | Hart- | fon- | Mis- " (200 | TR0 R
ville. ton. on. . ord. algfz, ssl;)clslrre: tower. | shore.
Jan. 23 2,80 1. 40 0.105 | 0.682| 0.740 | 0.140 |....__._. !
Jan. 30 2.43 1.68 .175 1.052 . 865 A2 il
Feb. 6 1.24 1.15 .130 .830 . 695 L2900 ..ol
Feb. 13 .95 .81 . 181 . 507 . 475 137 Ll
Feb. 20 meeeaaa| L27 .69 . 280 .610 .875 3T ol
Feb. 27 3.02 .92 .53 . 260 . 456 . 426 F 1)) U
Mar. 6 3.48 1.06 .24 .175 .190 . 258 L190 L. L.
Mar. 13 |........ 1.91 .55 .33 .393 . 366 .383 2305 |.o..a.os
Mar. 20 | 1.80 1.88 .41 .32 428 .323 .331 2230 ..ol
Mar. 27 | 1.50 1.71 .50 .28 . 362 .352 . 312 A5 |l
Apr. 3| 1.58 2.30 .50 .31 .378 .315 .298 L0908 ...
Apr. 10} 1.17 2.07 .44 .26 . 280 . 281 .297 110 .ol
Apr. 17| 145 | 2.48 | .54 .23 160 | .206 | .200 | .150 |......._.
Apr. 24| 1.10 1.93 .35 .14 . 160 .137 . 130 L146 |l
May 1 1.48 2. 41 14 12 . 085 L1156 . 105 200 f.o...oao.
May 8| 1.80 2.65 28 13 . 086 .120 .100 130 ...
May 15| L18 2.40 33 14 090 . 106 098 143 |....o.
May 22 1.55 2.27 28 14 080 .088 072 L PO,
May 29| 1.23 2.68 27 07 045 075 061 110 ...,
June 5| 1.24 2.95 27 (1] 055 .070 . 060 078 I.........
June 12 | 1.60 2.60 24 07 041 . 042 . 050 084 |_........
June 19 | 1.30 2.72 25 06 059 045 053 090 ...
June 26 | 1.53 3.12 43 08 060 . 068 .076 115 [ooiaoos
July 3| 197 3.40 23 06 047 .070 067 140 |.........
July 101 L.53 2.75 28 08 058 . 062 077 1256 ... ..
July 17 | 1.47 2.70 .44 (1] 072 .120 100 190 [.........
July 24| 1.67 2.62 18 10 110 .135 120 208 |.........
July 31| 1.30 2.05 17 10 111 .110 .110 150 |.........
Aug. 7| 1.42 2.16 16 10 . 106 . 091 093 110 ...
Aug. 14| 1.25 2.36 .18 10 . 096 . 081 087 070 |.........
Aug. 21| 1.61 3.70 22 08 .090 .100 121 1381 ...
Aug. 28 | 1.42 2.05 19 08 .079 . 082 068 140 ...
Sept. 4| L 47 3.05 15 .07 072 .078 068 180 ...
Sept. 11 | 2.48 5.03 17 068 .078 088 095 ... ....
Sept. 18 | 2.05 6.21 21 12 090 . 062 097 120 |
Sept. 25 | 1.85 3.27 70 10 086 . 099 .093 130 1. ...
Oct. 2| 1.20 2.11 1.35 10 107 .120 .120 170 jeeeenenn.
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TaBLE 19.—Results of sanitary analyses of water from designated points, January to

October, 1900—Continued.

NITROGEN AS NITRITES.

Mis- | Missis- . .
. . . E - " ioos | Missis- | Missis-
1llki- 1li- | Missis- | aricqio | Missis-| souri sippi Pl P
Bear | Des- . . s | Missis- T 5 § sippi sippi
Week | Trap |plaines E?ilirl:r 1%1[1:,15 ls{-p p‘r sippi Is{\pglr {il;ert gﬁvgr a}; Rivgg at Rivg? at
begin- | dam, | River er VeI | River Lver jal Lor 10 O1\chain of Chain of
ine— | Looke at at at at above at Belle- | Rocks, Rocks, | Rock
ning ovt. | Joliet, |Avery-| Graf- | Grai- | 890% | Hart- | fon- | Mis-" | 20008 1 100 K
port. < ville ton. ton. *1 ford. | taine, | souri tn axe hmms
Mo. shore. ower. | shore.

0.031 ] 0.005| 0.021| 0.014| 0.007 0.007 0. 006 0.017
. 039 . 002 .028 . 026 . 005 . 005 . 008 -021
.021 .007 .020 .019 . 008 .008 .012 .025
.019 . 006 .015 .014 .008 . 008 .013 .012
.023 .012 .02 .019 .010 .010 .014 .018
. 030 .01 .029 . 023 .016 .016 .014 .018
.021 .010 .022 .019 .015 .015 .016 .015
.018 .010 .019 .014 .017 .017 .017 .017
.019 . 008 .020 .019 L0156 .015 .014 .017
015 007 .017 .018 .015 .015 .014 .019
.023 .017 .024 . 026 .011 .011 .020 .027
-035 .024 .037 .034 .008 .008 .022 .031
. 046 .016 . 042 . 049 .012 .012 .019 .031
. 050 . 025 .042 . 040 .011 .011 .019 .028
.040 .004 .022 022 .011 .01l .010 .017
.039 .008 027 .028 .010 .010 .013 L0156
.0567 .013 .038 .036 .011 .011 .011 .017
. 061 .008 .031 .027 .005 . 006 .010 .019
. 056 .004 .014 .013 .004 .005 .008 .009
.016 . 004 . 006 . 005 .003 .004 . 005 .005
.015 . 005 .007 . 005 . 004 .005 . 005 . 005
.018 . 007 . 009 .009 .003 . 004 .003 . 004
. 046 . 007 .030 .026 . 002 .003 . 002 . 002
.022 . 006 .016 .013 . 002 .003 .003 . 004
.025 . 006 . 016 .012 . 002 .003 . 002 . 005
.033 . 008 .022 .017 . 003 .003 .003 . 008
. 047 . 008 .021 .018 .008 .008 . 006 .015
. 032 .006 012 .010.|  .005 . 004 . 004 . 008
.030 . 004 .014 .012 . 006 . 006 . 004 .001
.043 . 006 .021 .017 . 006 . 006 . 004 .015
. 020 .011 .015 .014 . 005 . 004 . 004 . 009
.016 .003 . 009 .008 .004 .004 .003 .007
.018 . 006 .011 .009 . 006 .003 . 003 .007
.023 . 005 .012 .011 . 002 .002 . 003 . 009
.033 . 006 .012 .011 .003 . 003 . 004 .009
.043 . 006 .014 .014 . 004 . 003 . 004 .011
. 042 .008 .019 017 .008 006 , 006 .013

\*' PR
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19.—Results of sanitary analyses of water from designated points, January to
October, 1900—Continued.

NITROGEN AS NITRATES.

Miss's-

d . 15 57 | Missis- | Missis-
: et _— Mis- sipri e Pl
Ii- Ili- | Missis- | yriqqig. | Missis- : sippi sippi
e | Bt | ex | R | A P e et poun | Rb | 3R R
beg?n- damp iver Ri\;er Ri\;er Ri\;er Rilzlgr Ri\;er at Fort] of [®F C];min at lelain
. ’ a a a & ) o o
nng— Locrlt(- 3 o?it ;. | Avery-| Graf- | Graf- ff&vﬂe Hart-~ l%glllﬁ Rﬁ‘;:_s’ Rocks, | Rocks,
port. el | ville! | ton. | ton. | ford. | o0 | A1S% | intake | Iilinois
" | shora. tower. | shore.
2.95(. 255| 0.50| 1.35| 1Ls0]| 0.3
1.8 1.85 .60 1.20 1.40 .35
1.56 2.05 .70 1.35 1.15 .55 .
1.25 1.15 .50 .85 .95 .45
1.20 1.05 .50 1.00 .95 .35
1,35 1.45 .70 .95 1.10 .60 |.
1,00 .80 .60 .70 .75 .80 |.
.82 1.05 .70 1.05 1.00 1.35 |.
.95 1.15 .60 1.10 115 1.10 |.
1.00 1.00 .20 .75 .95 .95 .
1.15 1.10 .60 1.05 .90 .35 .
1.30 1.05 .80 1.15 1.10 .50 .
130 |-....... .60 1.05 1.10 .85 |.
.67 .45 .20 .35 .40 .50
.80 .55 .33 .50 .44 .50
.55 .45 .20 .40 .35 .35
.55 .65 .20 .40 .35 .35
.75 .55 .05 .40 .35 .30
.70 .60 .10 .40 .30 .20
.75 .65 0 .45 .40 .20
. 40 .45 .15 .40 .35 .25
.30 .40 .05 .30 .20 .20
.40 .40 .10 .25 .25 .25
.50 .40 .15 .30 .30 .20
.55 .46 .25 . 30 .30 .40
. 56 .35 .20 .33 .25 .30
1.25 .95 .15 .45 .35 .
1.30 .80 .10 .30 .30 30
1.05 .95 .45 .15 .65
1.35 1.15 .45 .80 .75
1.60 1.00 .55 .80 .75
1.35 1.25 .45 .70 .65
1.75 1.00 .20 .50 .45
1.50 1.20 .30 .60 .55
1.70 1.20 .40 .65 . 50
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TABLE 19.—Results of sanitary analyses of water from designated points, January to
October, 1900—Continued.

CHLORINE.
| Mis- | Missis- | yiooe s
: . P A . P | Miss's- | Missis-
Tlli- - | Missis- | yri oo | Missis-| souri + sippi N F
Week %ear E?S' nois | nois | sippi Ms‘f“?' sippi | River River atp SPLL | SDPL
b ee rap  plaines| pier | River | River | SIPP! | River |at Fort Chain of |5 Ve @ or a
egin- | dam, | River at at at River at Belle- | Rocks, Chain of Chain of
ning— Logl:- J *ll-tt Avery-| Graf- | Graf- Aﬁgn Hart- | fon- Mis- ﬁ%‘g;g j[Rll?xcllgfé
po oliet. | “ville. | ton. | tom. * | ford. t&ine, | s}(lmri tomer. | “shore
o. | shore. o :
23 18 8 12 12 28 26 23 10
21 21 9 15 14 29 | 25 25 12
17 14 8 12 11 2 23 16 12
12 11 6 9 8 33 27 16 8
15 10 6 9 9 23 | 22 14 10
12 10 6 9 8 21 | 21 18 8
14 7 6 7 7 12 22 10 8
8 7 5 6 6 11 11 9 6
6 6 4 7 7 12 13 8 6
8 6 5 7 7 16 15 8 7
8 7 5 7 7 18 18 10 7
9 7 ) 7 7 11 14 } 9 7
11 8 5 7 7 12 12 9 7
11 8 4 7 7 13 el 10 7
12 9 4 8 8 14 14" 10 7
15 10 4 8 7 12 13 9 7
17 9 4 10 9 14 12 10 9
14 7 4 9 9 13 12 11 8
11 12 4 9 7 13 12 11 8
16 12 4 9 8 14 12 12 9
16 14 5 9 8 1 11 10 10
20 12 5 9 9 1 11 | 1 9
19 15 5 11 10 9 12 9 9
20 16 6 13 11 10 10 10 9
22 15 7 12 11 10 10 10 9
29 14 5 10 9 12 12 11 9
23 19 3 9! 9 10 10 9 8
23 21 5 10 10 14 11 10 9
19 19 4 12 10 18 13 12 9
20 19 6 12 11 20 15 13 10
20 13 3 8 8 14 13 10 7
19 15 4 10 8 23 18 17 9
19 15 4 10 10 22 22 17 10
18 16 4 10 9 17 15 13 9
22 15 3 8 9 19 14 13 8
25 16 3 8 6 21 18 15 6
27 16 2 6 6 13 12 9 5

In discussing the results set forth in Table 19 the witnes- stated
that the determinations in samples taken from the Chicago drainage
canal at Lockport, from Desplaines River at Joliet, and fromr Illinois
River 3 miles above Peoria show that the water undergoes little
change and practically no improvement in passing from the first to
the third point and that the high free ammonia and nitrites which are
found to persist in the Peoria water present unmistakable evidence
that it has not yet reached its final process of purification. The wit-
ness called attention to the alleged coincident fluctuations which take
place at all three points. Whenever there is an increase in the pro-
portion of any or all of the ingredients determined at Lockpcrt there
follows in due time a corresponding increase in the same ingredients
at Joliet and Peoria. This was mentioned by the witness as proving
absolutely that the character of the water at Peoria is governed by
that of the drainage canal. (1204-1207.)

.
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Comparing the results of samples taken from Illinoi~ River above
Peoria and above Grafton, the witness stated that after the opening
of the canal there was an increase in chlorine from an average of 21
to 28 parts per million at Peoria and from 15 to 23 parts at Grafton,
while the fluctuations in nitrites and free ammonia correspond.
During the summer months the increased anaerobic action below
Peoria causes divergence in the figures. (1207-1209.)

The witness then testified with reference to the effect of Peoria sew-
age on Illinois River. The total daily discharge from Peoria sewers,
based on a poulation of 56,100 and 150 gallons of sewage per capita
per day, would be 8,415,000 gallons, or 1,122,000 cubic feet. As at
the time of testimony the sewerage system at this city had been
extended to serve only 47 per cent of the population, the actual dis-
charge based on the above factors would be 527,000 cubic feet per
day. The minimum flow of Illinois River at Peoria, according to the
measurements of Lyman E. Cooley, was, before the cpening of the
drainage canal, 72,000 cubic feet per minute; the diccharge of the
drainage canal is 250,000 cubic feet per minute, so that the minimum
flow of Illinois River at Peoria after the opening of the canal -was
322,000 cubic feet per minute. The witness then used the value
1,122,000 cubic feet per day, or 779 cubic feet per minute, to represent
the flow of sewage from Peoria, notwithstanding the fact that he had
testified that the real flow of sewage was only 47 per cent of this
amount. Comparing this calculated sewage flow with the minimum
flow of the river, he deduced a ratio of dilution 1 :413. He then
expressed his opinion that were the water of Illinois River as it came
down to Peoria comparatively pure instead of being hivhly polluted,
the effect of this dilution of Peoria sewage would be such that the
river would purify itself after running 25 to 50 miles. Therefore the
effect of Peoria sewage on Illinois River, so far as the St. Louis water
supply is concerned, is negligible. (1211-1215.)

The witness claimed that the figures show Illinoic River above
Grafton to be particularly unstable in comparison with the Missis-
sippi above the mouth of the Illinois by reason of fermentative
changes which were taking place. Along with these figures were
given the relative gage heights in both streams, which supported the
witness’s contention that the variations taking place in the waters of
the two rivers are not due to any flood effects, because there were no
significant relative differences in the stages of the rivers during the
period of examination. During the latter part of February and the
month of March there was a rise in both rivers, resulting in an increase
in the free ammonia; but after the rivers had receded to ordinary
stage the difference in the free ammonia practically disappeared.
Throughout the year the nitrites, nitrates, and chlorine were much
higher in the Illinois than in the Mississippi. (1209-1211.) .
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Concerning the results of examination of water from Illinois River
3 miles above Grafton and from Mississippi River above Grafton,
above Alton, and at Hartford, the witness claimed that the evidence
shows that the fluctuations in amounts of different ingredients in
Illinois River samples are accompanied by similar fluctuations in
samples from Mississippi River above Alton and at Hartford, while
the samples of Mississippi River above Grafton show no such relation,
demonstrating, in his opinion, that Illinois River pollution markedly
affects Mississippi River at Alton and Hartford and excluding the
possibility that such an effect might have arisen in the Mississippi
above the mouth of the Illinois. (1215-1217.)

Continuing, the witness discussed the resemblance apyearing
between the water from Missouri River at Fort Bellefontaine ard that
from Mississippt River at Chain of Rocks, near the Missouri shore.

He then took up the results of the examinations made at three
points along the cross section of Mississippi River at Chain of Rocks,
and from a consideration of the total solids, chlorine, and nitrites
advanced the idea that the water entering the intake tower in the
middle of the river partakes of the character of that from either
shore and is generally a definite mixture of both. It was pointed
out that Missouri River water contains a higher proportion of total
solids and chlorine than that from Mississippi or Illinois rivers, while
the nitrites in the two latter streams are generally higher than in the
former. When the Missouri is high and the Mississippi low the water
from the former predominates in the intake tower, and when the Mis-
sissippi is higher than the Missouri the reverse condition is main-
tained. The witness further explained that the occurrence of a
higher proportion of chlorine in the Missouri water is due to the influx
of water from Kaw River, which drains extensive salt countries in
Kansas, while the high proportion of total solids in the Missouri
water is due to ‘the character of the soil drained and the erosion
caused therein, and he asserted without qualification that although
Missouri River water contains a higher proportion of albuminoid
ammonia it is not accompanied by high free ammonia and nitrites,
proving that the organic matter is derived from vegetable rather than
from animal sources. (1217-1225.)

The witness then presented a series of tables designed to show the -
percentage of Missouri River and Mississippi River water entering the
intake tower during the period from January 24 to October 10, 1900,
based on the determinations of total solids in samples taken from
Mississippi River at’ Hartford, the lowest sampling point above the
mouth of Missouri River; from the Missouri at Fort Bellefontaine; and
from the intake tower at the waterworks. These values being given,
the percentages of water from each river at the intake are, according
to the witness, accurately and easily calculated, as shown in Table 20,
(1226-1240.)
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1t will be observed that when the value for total solids at the intake
is intermediate between those at the other two points the percentages
are calculated on the basis of an equal mixture of the two waters.
When this value is greater or less than the other two, however, it is
assumed that all the water comes from the river, showing respec-
tively the greater or less content of total solids.

TaBLE 20.—Total solids in samples collected at Fort Bellefontaine, Hartford, and St.
Louis waterworks intake, and percentages of Missouri River and Mississippi Rwer
water entering intake, January 24 to October 10, 1900.

Total solids (parts per million).

Percentage of wa-
ter entering in-

take from—
Diffetence be-
tween—
Date.
Fort Fort . | Missis-
Belle- | Intake. Ifioarl&t- Belle- | lntake Mfitsif,%‘:.n sippi
fontaine. * | fontaine and : River.
and Hart-
Hart- ford.
ford.
800 720 500 300 220 73 27
740 670 580 160 90 56 44
710 685 380 390 305 78 22
710 670 390 320 280 87 13
690 690 460 0 230 100 0
720 570 400 320 170 53 47
700 590 340 360 250 69 31
640 580 370 270 210 78 22
535 450 330 205 120 58 42
500 450 380 120 70 58 42
540 490 410 130 80 62 38
470 460 320 150 140 93 7
1,540 400 400 1,140 0 0 100
1,500 1,290 1,230 270 60 22 78
1,160 1,430 1,680 520 200 38 62
1,050 1,120 1,200 150 80 53 47
1,020 1,220 1,590 570 370 65 35
770 920 1,430 660 510 7 23
500 600 1,300 800 70 88 12
500 540 2,325 1,825 1,7% 98 2
690 640 450 240 130 79 21
3,430 2,940 1,130 2,300 1,810 79 21
2,435 1,900 1,180 1,255 720 57 43
2,520 2,040 1,060 1, 460 97 67 33
3,410 2,340 1,115 2,295 1,225 53 47
3,940 3,100 1,420 2,520 1,680 67 33
4,050 3,180 1,485 2,325 1,895 81 19
4,050 3,180 1,310 2,740 1,870 68 32
3,590 2,680 1,210 2,290 1,410 62 38
3,430 2,380 1,240 2,190 1,140 52 48
2,370 1,600 1,250 1,120 3% 31 69
2,010 1,890 1,420 590 470 80 20
2,375 1,205 1,001 1,284 114 9 91
1,575 891 806 769 85 11 89
1,470 678 0 100
1,233 728 0 100
1,142 640 Q 100
1,363 528 0 100
1,142 554 0 100
928 627 38 62
1,010 590 0 100
1,180 590 12 88
1,280 870 460 50 50
1,400 880 480 920 470 44 56
1,510 860 480 1,030 4 3N 37 63
1,540 935 455 1,085 4% 44 56
1,530 1,200 480 1,050 720 68 32
1,570 1,595 (5% A S 100 0
1,785 1,220 545 1,240 675 55 45
1,875 1,235 545 1,330 690 52 48
1,735 1,300 480 1,255 820 65 35
1,675 1,150 500 1,175 65 55 45
1,860 1,085 455 1,405 630 45 55
1,965 1,240 450 1,515 790 52 48
2,955 2,110 415 2,540 1,695 67 33




TESTIMONY OF WILLIAM C. TEICHMANN.

61

TaBLe 20.—Total solids in samples collected at Fort Bellefontaine, Hartford, and St.
Louis waterworks intake, and percentages of Missourt River and Mississipri River
water entering intake, January 24 to Octooer 10, 1900—Continued.

Total solids (parts per million).

Percentage of wa-
ter entering in-

take from—
Difference be-_.
tween—
Date.
Fort Fort . . | Missis-
Belie- | Intake. | L8t~ | Belle- | Intake MiSSOUTl| " gpp
fontaine. * | fontaine and . River.
and Hart-
Hart- ford.
ford.

3,402 3,542 100 0
1,861 2,048 100 0
3,604 1,842 401 3,203 1,441 15 55
2,395 1,807 424 1,871 1,383 70 30
2,410 1,488 410 | 2,000 1,078 54 46
2,384 1,300 495 1,959 884 45 55
2,300 1,611 458 1,848 1,153 63 37
4,374 1,342 520 3,854 822 21 79
1,987 1,657 493 1,494 1,154 78 22
1,755 1,354 615 1,140 739 65 35
1,938 1,488 | 1,444 494 44 9 91
1,574 1,375 469 1,105 906 82 18
2,000 1,455 521 1,479 934 63 37
1,730 1,310 440 1,290 870 68 32
1,438 1,240 458 980 782 80 20
1,655 1,245 455 1,200 790 66 34
1,665 | 1,260 420 1,245 840 67 33
1,845 1,435 445 1,400 Y90 71 29
2,987 1,535 380 1,887 1,155 61 39
2,600 1,485 415 2,185 1,070 49 51
2,880 1,685 1,235 1,645 430 26 74
2,110 1,485 510 1,600 - 955 60 40
1,951 1,449 1,091 860 358 42 56
1,913 1,390 545 1,368 845 62 38
2,013 1,300 555 1,458 745 51 49
1,696 1,202 491 1,205 717 59 41
1,885 1,258 448 1,437 810 56 44
2,198 1,884 453 1,745 1,431 82 18
3,563 2,147 410 3,163 1,737 55 45
3,010 2,120 420 2590 1,700 66 34
2,380 1,960 415 1,965 1,545 79 21
2,495 1,930 450 2,045 1,480 72 28
2,335 2,050 405 2,430 1,645 68 32
2,615 2,306 545 2,070 1,851 % 10
2,160 | 1,945 505 | 1,655 1,440 87 13
2,340 1,985 490 1,850 1,495 81 19

! 2,033 546 1,734 1,487 8 14
2,358 2,032 565 1,793 1,467 82 18
2,136 2,007 526 1,610 1,481 83 17
2,204 1,917 575 1,689 1,402 83 17
2,283 1,834 457 1,826 1,317 75 25
2,120 1,805 502 1,618 1,303 81 19
1,743 1,918 440 | 1,303 1,478 100 0
2,28 | 2,122 420 1,805 1,702 94 6
3,480 2,255 380 2,090 1,865 89 11
2,290 2,290 435 |l 100 0
2,200 2,09 410 1,790 1,680 94 6
2,580 2,005 390 2,190 1,615 74 26
2,280 2,180 335 1,945 1,845 95 5
2,170 2,285 430 1,740 | ... 100 0
2,455 2.155 460 1,995 1,695 85 15
2,360 2,105 435 1,925 1,660 86 14
2,355 1,950 410 1,945 1,540 79 21
2,375 1,825 390 1,985 1,433 72 28
2,405 2,010 380 2,025 1,630 81 19
2,475 1,935 330 2,145 1,605 75 25
1,950 1,858 340 1,610 1,515 94 6
2,015 2,030 100 0
2,315 2,215 94 6
4,315 3,955 9 9
3,538 3,730 100 0
2, 562 2,935 100 0
2,32 2,657 100 0
2,545 2,412 94 6
2,189 2,280 100 0
2,179 2,080 91 9
2,210 2,100 94 6
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TasLe 20.—Total solids in samples collected at Fort Bellefontaine. Hartford, and St.
Louts waterworks intake, and percentages of Missouri River and Misstssippt River
water entering intake, January 24 to October 10, 1900—Continued.

Total solids (parts per million).

Percentage of wa-
ter entering in-

. take from—
Difference be-
tween—
Date. ,
Fort Fort i i | Missis-
Belle- | Intake. | H2f- | Belle | Intake |Missour| g
fontaine. ° | fontaine and . River.
and Hart-
Hart- ford.
ford.

93 7
100 0
100 0
100 0
100 0
99 1
3,325 2,870 84 16
2,760 2,805 100 0
E 2,686 2,805 100 0
July 2,40 2,770 100 0
2 2,515 2, 867 100 0
2,115 2, 800 100 0
2,782 2,873 100 0
3,945 3,000 330 3,615 2,660 74 26
3,400 4,175 100 0
3,125 3,193 100 * 0
3,060 3,234 100 0
3,435 3,49% 100 0
3,822 3,400 88 12
2,690 2,855 100 0
2,430 2,655 100 0
2,175 2,415 100 0
1,970 2,210 100 0
1,450 2,100 100 0
2,433 2,315 94 6
2,575 2,405 92 8
2,360 1,880 77 23
2,415 2,300 95 5
2,293 2,050 8 14
2,020 1,800 87 13
1,895 2,132 100 0
2,780 2,760 9 1
3,885 3,210 81 19
4,580 3,420 73 27
3,791 3,277 85 15
3,157 2,500 76 24
2,730 2,371 84 16
2,310 1,995 83 17
2,061 1,972 94 6
Aug. 2,127 1,795 79 21
1,725 1,807 100 0
1,975 1,693 82 18
1,812 1,630 87 13
1,622 1,339 78 22
1,530 1,393 89 1
1,530 1,045 61 39
1,294 1,069 989 77 23
1,243 1,008 937 75 25
1,226 990 937 75 25
1,220 970 980 75 25
1,082 935 280 802 655 81 19
1,060 890 292 768 58) 78 22
1,110 904 300 810 60 75 25
1,000 860 270 730 59) 81 19
1,053 860 234 730 573 75 25
1,053 860 284 769 575 67 33
960 890 260 700 630 90 10
1,343 1,061 283 1,060 77 73 27
1,482 1,305 318 1,164 98* 85 15
1,785 1,305 405 1,380 90) 65 35
1,845 1,525 665 | . 1,180 86 73 27
1,760 1,445 685 1,075 760 71 29
1,610 1,470 688 922 782 85 15
1,556 1,320 584 972 733 76 24
1,556 1,320 584 972 733 76 24
1,410 1,358 538 872 820 94 6
1,595 1,422 445 1,150 977 85 15
1,565 1,379 420 1,145 951 83 17
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TaBLe 20.—Total solids in samples collected at Fort Bellefontaine, Hartford, and St.
Louis waterworks intake, and percentages of Missouri river and Mississippi River
water entering intake, January 24 to Ociober 10, 1900—Continued.

Percentage of wa-
Total solids (parts per million). ter ertering in-
1 take—
Difference be-
tween—
Date. [ —
Fort Fort s .| Missis-
Belle- | Intake. E{f{.’é‘;‘ Belle- | Intake Mﬁ?@g‘:“ sippi
fontain=. * |fontaine| and 1Ver. | River.
and Hart-
Hart- ford
ford.

1,881 1,125 375 1,508 750 50 50
1,881 1,125 375 1, 506 750 50 50
1,376 1,315 430 946 885 94 6
1,460 1,450 420 1,040 1,030 99 1
1,610 1,414 445 1,165 969 82 18
1,930 1,489 365 1,565 1,124 72 28
1. 1,545 370 1,230 1,175 96 4
1,635 1,436 354 1,281 1,082 84 16
1,570 1,308 352 1,218 1,056 87 13
1,430 1,240 340 1,090 900 83 17
1,492 1,033 359 1,143 674 60 40
1, 1,048 340 965 708 73 27
1,213 931 348 865 583 67 33
1,110 298 812 598 74 26
1,270 900 345 945 555 60 40
1,186 900 330 856 570 67 33
1,230 853 300 930 553 60 40
1,210 864 340 870 524 60 40
1,428 970 311 1,117 659 56 41
2,200 1,380 311 1, 1,069 57 43
3,230 1,900 313 2,917 1,597 54 46
2,985 1,920 327 2,658 1,593 60 40
3,116 1,980 330 2,786 1,650 59 41
2,558 1,836 360 2,198 1,476 67 33
2,365 1,640 320 3,045 1,320 65 35
1,970 1,500 580 1,390 920 66 34
1,870 1,325 350 1,520 975 64 36
1,785 1,330 605 1,180 925 68 32
1,840 1,373 400 1,440 973 68 32
1,847 1,357 444 1,403 913 65 35
1,990 1,320 365 1,625 965 59 41
2,960 1,990 448 2,512 1,542 61 39
2,920 1,332 455 2,465 877 36 64
2,677 2,036 394 2,283 1,642 72 28
2, 480 1,895 376 2,104 1,519 72 28
3,005 1,937 370 2,725 1,567 58 42
2,578 1,878 357 2,221 1,521 68 32
2,605 2,005 355 2,250 1,740 77 23
2,807 2,165 370 2,437 1,791 74 26

A chart designated as Complainant’s Exhibit No. 60, showing dia-
grammatically the records of typhoid fever in St. Louis for 1895 to
1899, inclusive, and for 1900 in connection with the percentage of
Mississippi River water entering the intake from January 24 to Octo-
ber 10, 1900, calculated from the total solids as described, was then
discussed by the witness. He claimed that a great increase in the
percentage of Mississippi River water entering the intake in 1900
was followed in due time, a proper period of incubation being allowed,
by an increase in the typhoid rate of the city. . He further remarked
that such increase was very much higher than the average for the
five years previous. He called atfention to the variations in the
typhoid rate of 1900. (1240-1242.)
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According to these calculations it appears that on or about Feb-
ruary 6 100 per cent of Mississippi River water ertered the intake
tower, followed by 90 per cent February 21. During the week begin-
ning February 20 there was an increase in the number of cases re-
ported, and it reached a maximum of 40 during the week ending
March 13. There was a sharp decline after this and the rate remained
comparatively low until the week ending September 4, when there
- was a considerable increase, continuing until a maximum of 102 cases
was reached during the week ending October 2, after which there was
another sharp decline. This latter increase was preceded by an
increase in the proportion of Mississippi River water entering the
intake, but the percentage was not at any time previous to the apex
of the outbreak greater than 50, and this occurred only on two days—
August 30 and 31. Inasmuch as the chart is not presented in this
review, it is fair to state that immediately after the outbreak which
reached its height March 13 and declined sharply thereafter, the
rate remaining low for the remainder of the summer, a larger pro-
portion of Mississippi River water entered the intake than at any
other time during the investigation. March 15 tl'= proportion of
Mississippi water began to increase, reaching 100 per cent March 24
and remaining practically at that point for a week. This was not,
however, followed by any increase in typhoid, but, on the contrary,
the rate declined and remained low during the subsequent heavy
influx of Mississippi water between April 17 and 26.

The witness then discussed the chart representing diagrammati-
cally the comparison of samples of water from the intake tower with
those taken from the reservoir after two days’ sedimentation and
with those from the tap in the city chemist’s office. It was noted
that, although the water had passed through the sedimentation
reservoir and 85 per cent of its suspended matter had been removed,
its condition as it left the reservoir and was drawn from the tap was
not greatly improved over its condition at the irtake tower. A
marked increase in the free ammonia and nitrites in the intake water
was followed by similar increase in these ingredients at the two other
points. Therefore, in the opinion of the witness, fror1 the standpoint
of actual purification the reservoir can not be said to be highly
effective.

Doctor Teichmann then called attention to an unusual rise in the
proportion of free ammonia and nitrites-in the early part of 1900, and
stated that none of the analytical results on record, representing
analyses made during twenty years previous, had stown so remark-
able a quantity of free ammonia and nitrites at the intake tower, the
reservoir, or the tap. Such an iherease was marked all along Illinois
River to its mouth and at the various sampling points along Missis-
sippi River down to the intake tower. No corresponding increase

a
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occurred in the water of Mississippi River above the mouth of the
Illinois nor in the Missouri, and all of it occurred directly sfter the
opening of the drainage canal in January, 1900. The analyses of
samples taken at the various points in 1899 previous to the opening
of the canal and in 1900 after such opening being compared, the
general result was shown to be that there were evidences of increased
pollution all along the course, from Desplaines River at Lockport
even down to the intake tower and the tap in the laborator: of the
city chemist. (1242-1246.)

The testimony of the witness was then directed to investigations
subsequent to that of 1900. He stated that a number of samples
were collected between October 12 and November 30, 1901, from
points in Illinois River, but inasmuch as they were not collected
regularly, the results were not included in the evidence. Samples
were collected daily during these two months from Mississipri River
along a cross section at Chain of Rocks, near the Missouri shore, at
the intake tower, and near the Illinois shore. The results show that
the water along the Illinois shore was at all times more polluted than
that along the Missouri shore, while that at the intake was a mixture
of the two, partaking of the nature of one side or the other ac-ording
to the relative heights of Mississippi and Missouririvers. (1246-1247.)

The witness presented a series of charts which were admitted in
evidence and marked for identification as Complainant’s Exhibits
Nos. 62 to 70, inclusive. The charts contain statements in diagram-
matic form of weekly average results of analyses of water during this
period from the various sampling points mentioned, these averages
being combined in a series intended to bring out more clearly the
points which the witness considered important in establishing the
case of the complainant. The results are included in Table 21.

IRR 194—07——5
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TABLE 21.—Weekly average results of analyses of water at various points, October and
November, 1901.

FREE AMMONIA.

Sampling point.

Week ending—

7
Oct. 4. } Oct. 11, Oct. 18.) Oct. 25, Nov. 1.; Mov.8.|Nov.15Nov. 22.
J | - _
|
Illinois and Michigan Canal at l ‘
Bridgeport........................ .70 | 14.25 1 11.72 [ 12.80 | 10.60 | 14.35 | 16.55 21.80
Tllinois and Michigan Canal at Lock- |
POTb. e 120.82 | 17.54 | 17.02 | 15.25 | 17.75 | 22.12 | 18.70 22.48
Chlcago drainage canal at Bridgeport, .95 .97 .79 1.06 1.18 2.37 .55 .09
Chicago drainage canal at Bear Trap J
2 ¢ ¢ 1.32 ' 1.33 1.17 1.34 1.28 1.24 .95 1.11
Desplaines River above Lockport...| .08 | 09 .11 .04 .03 .04 .04 .04
Desplaines River at Ruby street, |

Joliet .. . .. .ol 2.925 | 2.487 | 2.275| 2.475| 2.895 | 2.895 2.600
Desplaines ]

bridge, Joliet. . ... | 2.93 2.48 2.27 2.45 2.90 2.93 2.600
Tllinois River at La Sal 475 .462 437 625 L750 | 1.125 1.575
Illinois River at Averyvﬂl . . 232 .280 .283 .225 . 350 .510 .940
INlinois River at Pekin........_..... 228 185 .240 .270 .210 260 .510 . 780
Tllinois River at Kingston........... . o205 3 .385 | .615| .350 | .430| .720 .880
INinots River at Beardstown. .. ... v .355 . 435 . 364 -410 .390 .270 . 550 . 660
Tllinois River at Grafton...._._..... J125 2125 .140 .095 .085 .70 .065 170
Mississippi River at Grafton..... ... ’ . 070 .070 065 .072 .055 .045 .045 .035
Mississippi River at Alton..... ... 070 .073 .077 .075 055 045 045 .045
Mississippi River ac Hartford .063 .070 .080 .080 .055 .054 .040 .052
Missouri River at Fort Bellefontaine., .068 .070 .090 .065 .050 L0631 .078 073
Mississippi River at iutake tower,

Chain of RockS. ................... 077 067 L085 | ... ... 042 060 .068 .064
Outlet, St. Louis reservoir.......... .060 .055 .062 .045 .035 .035 .044 .059
Tapin Clty chemist’s office, St. Louis. 057 050 .063 .048 .030 . 030 045 .053

NITROGEN AS NITRITES.
Illinois and Michigan Canal at ] ] ]

Bridgeport........................ 0.0090 | 0.0200 | 0.0120 { 0.0170 | 0.0110 | ¢.0140 | 0.0120 | 0.0060
Illinois and Michigan Canal at Lock- | [ i

............................... I .0000 . 0000 . 0000 .0012 ; .0013 .0030 0020 ' .0017
Chlcago drainage canal at Bridge- I | .

............................... 0095 | .0130 | .0080 | .0120  .0030 , .0030 0050 J 0030
Chmago drainage canal at Bear Trap {

............................... .0102 | .0102 .0110 . 0070 .0130 L0120 . 0080 | . 0100
Desplames River above Lockport...! .000 . 000 .0005 | .000 L0005 | .0015 | .0010 . 0000
Desplaines River at Ruby street, t !

Toliet.. ... 070 | .69 | .07t | .o75 | .063 | .0s6 | .031 { .02
Desplaines

bridge, Joliet. ..............o.. ... 0700 | .0691 | .0710 | .0750 | .0630 | .0561 | .0312 .0221
Illinois Riverat La Salle......_...._|........ 172 .156 .154 116 .119 . 064 .048
Illinois River at Averyville.......... .106 .154 11 .090 .079 .076 .076 .051
Illinois River at Pekin.............. .105 17 099 .089 .091 073 .066 .054
Illinois River at Kingston...._....... .120 .174 .114 .114 | .086 .094 .076 .058
Illinois River at Beardstown........ .130 .131 .098 .102 .089 .074 .069 .063
Iilinois River at Grafton......._.... .059 .045 .053 .033 .034 039 .036 .031
Mississipp' River at Grafton........ .0005 | .0003 | .0002 [ .0002 | .0007 | .0005| .0015 .0005
Mississippi River at Alton..... .. .012 . 006 .005 . 002 L0025 [ .0025 | .0035 .0010
Mississippi River at Hartford .015 .010 .01 .008 .008 .012 .010 011
Missouri River at Fort Bellefontaine.| .0010 | .0015 | .0015 | .0010 | .0035 | .0065 0065 .0040
Mississippi River at intake tower,

Chain of Rocks..............o..... L0020 | .0010 | .0015| .C020 | .0035) .0050 | .0060 0035
Outlet, St. Louis reservoir.......... L0020 | .0010 | .0015 | .0010 | .0030 | .0040 | .0060 .0040
Tap incity chemist’s office St.Louis.| .0020 | .0015{ .0015{ .0010{ .0020 | .0020 | .0040 .0030

|
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TaBLE 21.—Weekly average results of analyses of water at various points, October and
November, 1901—Continued.

NITROGEN AS NITRATES.

Week ending—

Sampling point.
Oct. 4. | Oct. 11.| Oct. 18.| Oct.25.| Nov. 1. | Nov.8.|Nov.15.' Nov. 22.
Il
Illinois and Michigan Canal at |

Bridgeport............o......o.. 0.09 0.15 0.08 0.07 0.07 0.20 009" 0.15
Illinois and Michigan Canal at Lock-

103 o 7N .04 A1 .06 .06 .06 .15 .11 .11
Chicago drainage canal at Bridge- \

L0 7 .14 1 .07 .05 .14 10 BUN A1
Chicago drainage canal at Bear Trap |

-3 | S .06 .09 .03 .04 .07 .14 .07 .09
Desplaines River above Lockport... .06 .12 .06 .05 .05 .08 .05 .06
Desplaines River at Ruby street,

Joliet. ... . ... ... ... ... 29 .24 25 .21 .20 .21 15 .15
Desplaines River at Brandon’s

bridge, Joliet ...................... .29 .24 .25 .22 .20 .22 15 .16
Illinois River at La Salle. ... PO 2.00 1.97 1.97 1.90 1.85 1.35 1.05
Tilinois River at Averyville.. 1.82 | [ 1.97 2.15 1.97 1.95 1.97 1.80 1.55
Illinois River at Pekin...... 1.71 1.93 203 1.93 1.80 1.89 1.70 1.59
Illinois River at Kingston... 1.64 189+ 1.91 1.85 1.71 1.84 1.7 1.59
Illinois River at Beardstown. 1.54 1.56 1.85 ’ 1.73 1.52 1.78 1.70 1.57
IHinois River at Grafton...... 1.76 1.64 1.70 1.66 1.80 1.42 1.34 1.58
Mississippi River at Grafton.. .08 .12 .10 .10 .10 .12 .10 .12
Mississippi River at Alton. ... .40 .30 .20 16 .13 .20 10 12
Mississippt River at Hartford... ... .56 .59 .52 .55 .58 .61 15 .48
Missouri River at Fort Bellefontaine. .56 .50 65| .65 .54 .61 56 .38
Mississippi River at intake tower, | '

Chain of Roeks...............__... .43 480 47 .50 .53 .60 53 .34
Outlet, St. Louis reservoir .. .42 .43 .40 .49 .47 .45 40 .36
Tap in city chemist’s office, St. Louis.l .48 .45 .37 .47 .50 .45 43 .35

I
CHLORINE.
Illinois and Michigan Canal at !

Bridgeport....... ... 80 88 104 100 85 156 115 150
Illinois and Michigan Canal at Lock- i

1) PN 106 158 129 126 135 170 128 147
Chicago drainage canal at Bridge-

L) o PR 12 11 10 14 10 21 18 21
Chicago drainage canal at Bear Trap

.3 ¢ S 11 12 | 10 13 12 11 10 10
Desplaines River above Lockport... 27 23 20 16 17 19 16 15
Desplaines River at Ruby street,

Jolhet . . ... ... ..... 28 27 25 22 22 23 23 21
Desplaines River at Brando

bridge, Joliet. _.............. 28 28 25 21 21 22 22 21
Illinois River at La Salle.._.........[........ 22 23 20 20 20 22 20
Illinois River at Averyville.... 22 24 23 22 21 20 21 21
Illinois River at Pekin........ 22 24 24 23 22 21 22 21
Illinois River at Kingston..... 23 24 24 23 21 21 21 21
Illinois River at Beardstown. . 22 22 23 22 21 20 21 20
Illinois River at Grafton...... 25 23 22 22 22 21 20 20
Mississippi River at Grafton.. 5 6 4 4 4 4 4 4
Mississippi River at Alton. ... 9 7 6 5 5 5 5 5
Mississippi River at Hartford.. ... 10 10 | 9 9 9 10 10 9
Missouri River at Fort Bellefontaine. 13 16 17! 20 17 24 20 | 18
Mississippi River at intake tower, ‘

Chainof Rocks......o..coovennan. 11 14 17 17 16 19 |....... 17
Ourtlet, St. Iouis reservoir .. 11 14 17 16 16 | 18 17 | 16
Tapincity chemist’s office, St. Louis. 13 12 15 ‘ 15 17 | 16 20 17

In discussing the above results the witness repeated much of his tes-
timony given in connection with the presentation of the results of

analyses for the previous year.

His remarks consisted of a general

indictment of the drainage canal and appear in the record, page~ 1255—
1276. Only a few facts in addition to those already mentioned were
brought out. Among them were the following:

That the sewage emptied into the old Illinois and Michigan Canal
undergoes anaerobic action and when it is discharged into Desnlaines
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Riverisin an advanced state of purification,so that the aerobic action
which rapidly takes place after the effluent is discharged into the river
is sufficient to complete the purification after a few miles of flow in the
river bed. The sewage turned into the new drainag> canal, on the
other hand, reaches the discharge point at Desplaines River much more
quickly and the fermentative changes have hardlv commenced.
Therefore it was argued by the witness that the discharge from the
drainage canal is carried much farther down the river before its final
purification takes place than that from the Illinois and Michigan
Canal; and he pointed to the alleged fact that inasmuch as the great
volumes of water discharged into Desplaines River from the drainage
canal markedly increase the rate of flow the danger from the sewage
is much accentuated thereby. .

That the water of Desplaines River above the point of entrance of
Chicago drainage canal is potable.

That the nitrites at Joliet are lower than at La Salle and Peoria,
demonstrating, in the opinion of the witness, that the purification is
by no means complete at Peoria.

That the determinations, especially those of the nitrites, vary in
samples taken from the stations along the lower reaches of the
stream coincidently with variations in the upper-station samples,
irrespective of the flow of the stream, demonstrating, in the opinion
of the witness, the effect of Chicago sewage on the river water.

That the variations in Illinois River water at Grafton are similar
to and coincident with variations at Joliet. These variations do not,
however, occur 1n the water from Mississippi River above Grafton,
and the analyses show that the water from the latter pomt is far supe-
rior to that from the former.

That the excessive quantities of organic matter turned into Des-~
plaines River from the Chicago drainage canal make self-purification
of the stream impossible.

That the figures, in addition to showing increased p»llution caused
by the opening of the drainage canal in January, demonstrate also
the effect of closing the canal durlng the following September. The
effect produced on the sanitary quality of the water at Peoria and
Grafton by the opening of the canal after this closing was exactly
similar to but not as pronounced as the effect caused by the original
opening of the canal in January.

That the figures show that the enormous pollution caused by the
flushing out of Chicago River and the drainage canal during the period
from January 17 to March 16, 1900, had a marked effect on the chem-
ical character of the water of Mississippi River at Altor and Hartford.

That the water in Mississippi River at Chain of Pocks near the
Missouri shore is practically Missouri River water ard is not influ-
enced to any great extent by mixing with Mississippi River water.
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That the sanitary quality of Mississippi River water as shown by
the cross-section samples at Chain of Rocks is distinctly inferior to
that of the Missouri.

That, although the sedimentation reservoirs connected with the
St. Louis waterworks system effect a removal of 85 per cent of sus-
pended matter and 44 per cent of bacteria, the specific ingredients
denoting pollution are by no means sufficiently removed when the
water reaches the consumer.

The witness then presented the results of two series of analyses of
water collected from the points along Missouri and Kaw [Kansas]
rivers designated on page 50. These results are contained in Table
22. The first series extended from November 13 to November 22,
and the second series from November 24 to December 3. (1276-1286.)

TaBLE 22.—Results of analyses of water from. Missourt and Kaw rivers at stated prints, 1901.

[Parts per million.]

|
Total resi- ' Free am- s . . Oxygen
) ) due. monin. Nitrites. | Nitrates. l Chlorine. | - s%gin i
Sampling point.
tle w2 ntha ]l
i i —

Missouri River—
Above Omaha......... 1,325 {1,290 {0.062 |0.056 [0.004 (0.001 |0.18 | 0.18| 10.0 | 11.0 | 7.1 0.6
Below Omaha..... 1,074 11,050 | .136 | .126 | .006 | .003 | .16 14 115 [ 11.5 |.._.. 6.2
Above St. Joseph......[1,225 |1,135 | .076 | .080 |...... .006 | .22 .20 | 12.5 | 16.0 | 9.0 7.1
Below St. Joseph...... | 9 14 O R P L007 ... 226 ... 7.0 |...... 8.7 |......
Above Kansas City....|1,152 11,070 | .070 | .116 | .005 | .004 | .026 | .24 | 24.2 | 16.0 | 8.1 6.2
Below Kansas City....(1,290 (1,100 | .112 | .130 | .005 | .004 ... .. .24 | 18.0( 23.0 (| 8.5 6.7
Kaw River at Argentine..| 687 | 650 | .062 | .036 | .004 | .000 | .10Q | .04 | 89.8 109.0 | 7.8 5.9

Missouri River—
Above Jefferson City.. 1,295 |1,055 | .094 | .136 | .005 | .008 | .360 .28 1 20.0 | 23.0| 9.6 6.7
Below Jefferson Civy... 1,315 (1,005 | .090 { .136 | .006 | .007 | .300 .26 | 21.0 | 24.0 | 7.4 6.6
Above Hermann.......[1,740 | 950 | .090 | .106 | .005 | .005 | .360 | .28 | 9.0 | 19.0| 9.0 6.5
Below Hermann.......|1,155 170 | .090 | .126 | .005 | .004 [ .360 .26 | 18.5 [...... 5.5 6.4
Above St. Charles..... 1,101 | 950 | .083 | .246 | .004 | .005 | .560 | .26 [ 18.5 | 23.0 | 9.1 6.5
Below St. Charles..... 1,072 | 940 | .046 | .112 | .004 | .006 | .620 | .24 | 19.0 | 23.0 | 9.5 6.6

The only interpretation which the witness could make of the data
contained in the above table was as follows: The chemical analyses
show that the Missouri River water as analyzed from Omaha down
to St. Louis has a character of considerable stability. The results
are fairly uniform along the route, with the exception that the high
chlorines coming from Kaw River increase somewhat the amount of
chlorine in the Missouri between Kansas City and St. Louis. (1287.)

The witness then discussed the fifth period of investigation, begin-
ning December 1, 1901, and continuing to July 1, 1902. Desily sam-
ples were collected from Illinois River above Grafton until December
18, 1901, and from Mississippi River a few miles above Grafton until
December 14. With the exception of these samples taken above Graf-
ton from the two rivers no samples were collected during this period
.above Chain of Rocks in Mississippi River. Three cross section sam-
ples were taken at this point, as in previous periods of examination;
a fourth was taken from the outlet of the sedimentation reservoir; and
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a fifth from the tap in the city chemist’s office. The general results
of these investigations were that free ammonia and nitrites frequently
rose to very high proportions in the samples from the Illinois shore.
Such increases were always found to be the result of similar increases in
the water of Illinois River above Grafton. A notable instance was dur-
ing the second and third weeks of December, 1901, when an enormous
rise in free ammonia occurred at Grafton, followed by a similar rise at
Chain of Rocks, near the Illinois shore, and at the intake tower. This
persisted during the early part of 1902. While the figures for Missouri
River during this period were higher than usual for this stream, the
samples collected at the intake showed considerably more pollution,
and the only inference to be drawn is that the excess of organic matter
came from the Illinois side of the river. A similar instance occurred
during the latter part of March, 1902. Throughout this whole inves-
tigation, ending July 1, 1902, and also the sixth period, beginning
October 1, 1902, and endmg January 1, 1903, the same relations were
apparent. An increase in free ammonia and nitrites, which the wit-
ness accepted as indicative of sewage pollution along the Illinois shore,
was always reflected in samples taken at the intake tower, at the outlet
of the sedimentation basins, and finally in the water taken from the
tap at the city chemist’s office in St. Louis. It was the contention of
the witness, in summing up the evidence presented by the chemical
data gathered in the various periods, that the discharge of sewage
into Desplaines River from the Chicago drainage canal is felt through-
out Illinois River and down the Mississippi. The variations in the
character of the water in the canal at Lockport are followed by similar
variations at Peoria and these by similar ones at Grafton, the wave
progressing onward even to the water taps of consumers in St. Louis.
(1289-1307.)
CROSS-EXAMINATION,

The cross-examiner sought to show that the witness was not justi-
fied in selecting records of the lowest flow of Tllinois River as a basis for
his determination of the degree of dilution of Chicago sewage, contend-
ing that the mean stages of water would serve as a fair basis. To this
the witness replied that he did so to calculate the lowest possible
amount of dilution, although he admitted that such a condition was
uncommon and nonrepresentative and that the mean stage of water
could readily be calculated. He stated that he had sought for the
lowest stages in the report of Lyman E. Cooley for 1899 and in those
of Jacob A. Harman in various State board of health publications up
to 1899, the avowed purpose being to show the worst possible pollution
recorded on the charts presented in evidence. (1380-1382.)

The cross-examiner then sought to show that the figures given by
the witness concerning the minimum flow of the upper section of the
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Illinois drainage basin (1163-1166) at 600 cubic feet per second were
too low, inasmuch as by his own statement the lowest recorded flow of
Desplaines River was 256 cubic feet per minute, of Kankakee River
25,200 feet per minute, of Fox River 31,339 feet per minute, and of
the Illinois and Michigan Canal at La Salle 37,900 feet per minute,
the combined flow of which would represent a far greater amount of
water than that accepted by the witness as a basis for his calculations
of sewage dilution. The witness was unable to reply to this presen-
tation, but fell back on the reports of Messrs. Cooley and Harman,
which he quoted in his testimony. (1382-1386.)

The cross-examiner sought to show that the calculation made by
the witness with reference to the proportion of sewage per capita at
Peoria discharged in Illinois River (1212-1213) was unfair, inasmuch
as Peoria is a great manufacturing center, containing distilleries, glu-
cose works, etc., from which a disproportionate amount of organic
matter is discharged into the stream, and therefore the assumption
of a sewage discharge equivalent to the consumption of vater was
unwarranted and the basis of calculation should be raised. This was
denied by the witness, who contended that the sewage conditions -
were representative of the majority of other cities. (1402-1405.)

The cross-examiner then took up the statement made by tl e witness
(1213) that if the water of Illinois River came down to Peoria in
a potable condition the polluting effect of Peoria sewage on the
stream would be removed after running a distance of 25 to 50 miles
below the city, and, presenting a supposititious case based on thespec-
ified premises, asked the witness to confirm or deny his former state-
ment. Doctor Teichmann refused to make a direct reply, but quali-
fied his statement made in direct testimony by asserting that chem-
ical evidences of the pollution would be removed in that distance.
His final reply to the question was as follows: “I said chemice~lly; yes.
I didn’t say that at the time, but it was understood, and if I had been
asked the question I would have said so at that time, that a chemical
examination of the samples of water taken at a point below Peoria,
and taking into consideration the general conditions of the river, I
would say that that sewage disappears from the channel—that is, the
chemical result would not show its presence.” (1405-1410.)

The cross-examiner drew from the witness the following informa-
tion: The number of wellsin St. Louis in 1899 was from 3,500 to 4,000
and the number of drain-water cisterns used was about 3,000, making
in all about 7,000 private water supplies to be used in the city. In
1900 there were 1,160 cases of typhoid reported. Three-fourths
of the patients had used water from the city supply only, while the
remainder admitted that they drank well water, but frequently would
use the city supply in addition. (1436-1437.)
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The cross-examiner endeavored to establish the allegation that the
apparent increase in the number of typhoid cases in St. Louis was not
due to greater incidence of the disease, but to more faithful reporting
to the health department on the part of the practicing physicians in
the city. He procured an admission from the witness that in 1900 a

" special letter was sent out to all physicians in the city calling attention
to the fact that the law required them, under penalty, to report all
cases of typhoid fever occurring in their practice and that for the seven
years previous no special effort had been made to obtain compliance
with this law. The witness stated that there had, nevertheless,
always been general discussion in connection with the potability of the
water supply, and warnings had frequently been issued ly the health
department against the use of the city water. (1439-1442.)

The witness then admitted that during the five years previous to
1900 the St. Louis water was not potable and required boiling or filtra-
tion to make it safe. He asserted, however, that it had Fecome worse
after the opening of the canal, and stated his belief that the pollution
of the St. Louis supply previous to the opening of tle canal was
derived from Illinois River and that from a chemical standpoint the
water from Missouri River had been, and was at the time of the testi-
mony, in a potable condition. (1446-1448.)

On being questioned with reference to the distance which a stream
must flow in order to purify itself, the witness stated that it could
not be given offhand, but would require careful consideration of the
local conditions, the volume of water, its character, the character
of the sewage discharged, etc. He admitted that he did not know
whether the sewage of St. Paul and Minneapolis was purified by flow-
ing in Mississippi River from these two cities to St. Louis, and con-
fessed the same lack of information concerning the sewage from
McGregor, Prairie du Chien, Dubuque, Clinton, Quincy, Burlington,
Keokuk, Rock Island, Moline, and Davenport. (1460-1464.)

The witness then modified his former statement concerning the
potability of the Mississippi River water above the mouth of Illinois
River, and stated that the water is not potable except during the
summer months, when the purification processes are greatly acceler-
ated. (1465-1467.)

The cross-examiner continued along this line for the apparent pur-
pose of determining how the witness reconciled his statement concern-
ing the potability of the Mississippi River water above Grafton, which
receives the sewage of the above-named cities, with his opinion con-
cerning the unpotability of the Illinois River water above Grafton.
The contention of the cross-examiner was that if the witness had
determined that the Mississippi water above Grafton was potable then
the irresistible conclusion would be that sewage from the ebove-named
cities must have been purified by the time it reached Grafton, and



TESTIMONY OF WILLIAM C. TEICHMANN. 73

such being the case the theory that polluted water becomes purified by
running a certain distance must be correct.

The witness refused to make a direct reply, basing his refusal on his
ignorance of the conditions on the drainage area without a knowledge
of which he could not be expected to give an opinion. For the same
reason he refused to give a direct reply to the question whether or not
there were any conceivable conditions on the Mississippi drainage
area above Grafton which would change his opinion of the potability
of the water, it being assumed that his chemical data remained un-
changed. Whatever the conditions above might be, he would draw
only one conclusion from his data—namely, that the water was pota-
ble during the summer months. In short, he based his conclusion
solely on chemical data. Shortly afterwards, in response to similar
questions, he gave an opinion diametrically opposite to that expressed
in the preceding paragraph, viz: ‘“Practically throughout the year it
is permissible as a good drinking water.” Ile added that if he were
placed in ‘charge of the water supply of Grafton he would advise the
use of raw water from Mississippi River above the city. Being further
pressed, he admitted that there were some authorities who would dis-
agree with him on the matter, and then asserted that he supported the
views of this very class of authorities. The witness then stated that he
would render an opinion concerning the potability of the water from
chemical evidence, but would supplement it in a measure by bac-
teriological evidence. He then professed ignorance of any instances
in which a water appeared to be unpolluted from chemical evidence
but polluted from bacteriological evidence. He stated that if it
should exist the water must be considered unpotable. (1467-1479.)

The witness then testified as follows: :

I am testifying to the facts as I found them at the mouth of the Illinois River. What
the conditions are hundreds of miles above the mouth of the Illinois on the Mississippi
I am not considering. I only ascertained the character of the Mississippi River water
3 and 5 miles above the mouth of the Illinois. “Isit good or bad?” And I find it pota-
ble, and I have so expressed it. What it might have been miles and miles al sve the
mouth of the Illinois is immaterial, to my mind, in considering the questions involved
in the investigation that I conducted these years. (1482.)

The attention of the witness was called to the fact that Doctor
Ravold had declared the water of the Mississippi above Grafton unfit
for domestic purposes, and after much circumlocution he stated that
he differed with Doctor Ravold and held to his opinion. (1485-1490.)

The cross-examination is continued in the record to page 1697.
Although many different points were taken up, no important new facts
were enunciated. The greater part of the cross-examination con-
sisted of questions apparently designed to test the qualifications of the
witness as an expert on the interpretation of water analyses and the
general subject of stream pollution, and it would seem to the impar-
tial reader that the credibility of the witness suffered.
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EDWARD H. KEISER.
DIRECT EXAMINATION.

Edward H. Keiser, a witness called in behalf of the complainant, in
qualifying as an expert, made the following statements: Since 1899
he had been professor of chemistry in Washingtor University, St.
Louis; for fourteen years previous he had occupied the same position
in Bryn Mawr College, Pennsylvania; for eighteen months previous to
that was instructor in chemistry in Johns Hopkins University, Balti-
more. He was graduated from Swarthmore College, Pennsylvania,
in 1880, with the degree of bachelor of science, and in 1881 took the
degree of master of science; in 1884 received the degree of doctor of
philosophy at Johns Hopkins University. In the summer of 1884 he
studied at Freiburg, Saxony; in 1887 at Gottingen, Germany; and
in 1894 at Heidelberg. He had given his entire professional life to
chemistry and had been called on during his career to analyze many
samples of water. (968-971.)

The witness stated that he had commenced his work for the city
of St. Louis January 24, 1900, and continued the analysis of samples
collected daily until October 11, following. A second series of analy-
ses was conducted extending from October 1 to November 30, 1901-
The following determinations were made in the analyses carried on by
Professor Keiser: Total solids, {free ammonia, albuminoid ammonia,
total ammonia, oxygen consumed, nitrites, nitrates, and chlorine.
For the first five determinations mentioned the water was used in an
unfiltered state; the other three were made with filtered water. The
methods used in making these determinations were described and
the witness stated that they were, in general, those recommended by
the American Association for the Advancement of Science. (974-980.)

Samples from the following points were analyzed in the series of
1900: Reservoir of St. Louis water-supply system at Chain of Rocks;
along the cross section defined by Mississippi River intake tower;
Illinois shore, and Missouri shore; Missouri River ¢t Fort Bellefon-
taine; Mississippi River at Hartford, above Alton, and above the
mouth of Illinois River; 1llinois River 3 miles above Grafton and 2
miles above Peoria; and Desplaines River at Joliet and Lockport.
(981.)

The witness stated that of the determinations made he regarded
the nitrites and free ammonia as of chief importance, for the reason
that—

The presence of measurable quantities of nitrites in drinking wzter is often regarded
as a sure sign of contamination, and a chemist finding a measurable quantity of nitrites
in water would condemn that water as unsafe for drinking purposes; and so free ammo-
nia likewise is of great importance for the reason that the first product produced by
bacteria in decomposing sewage is ammonia. We always find a quantity of free

ammonia in sewage; so the chemist lays special stress on these two constituents,
namely, nitrites and free ammonia. (982.)
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The witness then introduced data concerning the character of the
water in the reservoir at Chain of Rocks, reciting in his testimony
the weekly and monthly averages of the daily determinations made.
He mentioned only the determinations of albuminoid ammonia, free
ammonia, nitrites, and nitrates, and it does not appear from the record
that he presented tables or gave any other data. The results given
are recorded in Table 23. (985-1007.)

TABLE 23.—Weekly and monthly averages of daily analyses of water from reservoir
St. Louts waterworks.

[Parts per million.]

Albu]mnf)rlxl(i);d am® Free ammonia. Nitrites. Nit-ates.
Date. -
Weekly. ‘Monthly. Weekly. | Monthly.| Weekly. | Monthly.| Weekly. | Monthly.
1900.
January 24-31. ... ... o2 024 ozl 01uz; 00084 | 0.004 0.50 0.50
gegruaty 1_75 ....... . lgg | %25 %57;(4) . 22
ebruary 8-14....... . 28, . 2345 . .49
February 15-21. ... -259 2L Tege i (209 R longp [ -0133 57 -59
February 22-28. . ... 344 -2004 -0240 78
March 17 ... ...oo. 23 a7 0100 -6l
March 8-14. .20 00 1325 -1643 . g
March 1521 ... ... el o410 1980 |f 1890 o120 | - 9107 89 -7
March 22-31. ... 000 - 501 | Cosas 0130 67
i (N i
April 8-14...... R .38 .2234 . .
April 15210 1 e -313 l 1030 |[ -1664 3 gogo | -0180 53 -56
April 22-30... .. A .352 0703 .0140 .54
Moy 8140 s 0354 oot g4l
ay e . . T = .
May 15-21. .. 224 261 l 0345 | 19377 looqe | - 0055, 32| -39
May 22-31 Lo57 0401 il Too3n 35
i S B
une 8- . . . .
Tune 15-21 “161 182 3 Toipp | (0130 \ “ooo7 | - 0082 83 -4
TJune 22-30 240 0120 1 o020 43
July 17, 219 ol (oo 3l
July 8-14. 192 2 -00 4
July 1521, ‘249 -234 0265 0199 1 Togpy | -0017 134 -46
July 223120001 275 0186 -0017 51
At 1T 583 0550 | 0% 27
ugust - .2 . . .2
August 15-21 . 202 -257 8 Tog23 | -0276 3 ooz [ 002 22 -35
August 22-31 ... -289 0343 10025 2
September 17 1276 0208 0015 3
September 8-14. .. .238 - .0348 . 0011 .3
Soptember 1521 .| 225 R S T R T LY 136 -37
September 22-30. . ... .210 . 0283 . 0010 .38
October 1-10.. ... ... 1335 3% 0316 [ o316 . oot | oom1 153 .53
1901. |
October 1-7......... . 885 . 1290 . 0037 | .60
October 8141211 677 0510 \ 0029 |
ctober 15-21. . - . 523 . 046 . .2
October 22-28 727 I T op 07 ooas || 0% g3 -38
October 28-No
berd......... .553 on L0131 | .38
II:IIovem]ﬁer .15—11 R ;93 . ggg ‘ . 8}3% i .27
ovember 12-18_ .. __ 94 = . - . .25
November 16-25. ... 1536 589 13 orp o -O74 To130 || 0130 { 12 -23
November 25-30. . ... 420 o 0116 12

In discussing the results set forth in the above table, Professor
Keiser stated that early in February, 1900, the quantity of nitrites
and free ammonia in the reservoir water began to increase very mate-
rially, and the water became highly polluted. This was also noted in
the case of the other determinations. Beginning with the first part
of the month of May, there was a gradual decrease in these constitu-
ents, and during the summer months—indeed, up to the end of the
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petiod of investigation—the proportion thereof remained low. The
results for October and November, 1901, showed considerable increase
over those of the previous year. These results, in the opinion of the
witness, indicated that an enormous amount of polluting matter was
coming down Mississippi River and that the water could not be classed
as potable, owing to the large amount of decomposing organic matter
init. (1008-1009.)

The witness then presented data on the free ammonia, nitrites, and
nitrates in daily samples of Mississippi water at Chain of Rocks, taken
from points near the Missouri and Tllinois shores. The results are
set forth in Table 24. (1013-1031.)

TABLE 24.—Weekly and monthly averages of analyses of daily samples of water from Mis-
sissippt River at Chain of Rocks.

[Parts per million.]

‘ Free ammonia. Nitrites. Nitrates.
“ Missouri Illinois Missouri Tllinois Missouri Illinois
) shore. shore. shore. shore. shore. , shore.
Date. - . . . : .
N . > . 1= . =3 . > P
=S > —_ 2. — 2. —_ B — =
2 2|21 E | 4 E1F 8|5 |E|% %
% =] 3] = v = D = 3] =] @ g
] @ o "l o 2 ] o 5] @ ]
] B = = = B = z = | B | = | B | =
. 1900,
January 2431 ..... 0.1208] 0.1208| 0. 4920| 0. 4920| 0.0070| 0.0070, 0.0130| 0.0130| 0. 565  0.565| 1.040| 1.040
February 17,00 2200 4670 - 0063 ~0214 451 765
ebruary 8-14..... . o) . 0183 . 0000 45T o) en..-
February 15-21 .- 1431 - 1673y 450 ¢ - 41801 [o1a3)( - 01443 Topra|f - 0187y 54o)( - 485) 7 akdl( - 790
February 22-28....| 1260 3050 £ 0206 oze) ([0 | e
March 17, 1048 3000 10140 0123 68 |13
arch 8-14......... 582 "2851 -0128 - 0080) 1.343 822
March 15-21... ... 1731 1457 T300(1 - 2981y onsalr 0168 posdlr - 016407 g5yl - 935" gy 1. 004
March 22-31........ 1 3060, -0223 £0200 754 980
April 17 . 0828 -2930) -2y - 63 17 -o77,
pril 8-14. .10 10525 “2152 . 1] - 0305 L1682 1,022
April 152100000 0582 <0609l “1241]( - 17701 “ooso|( - 016817 ©o2sgl( - 0308y 434l - 4781 g7|f - 936
April 22-31.0000 000 - 0503 - 0790) 0148 L0274 L4907 851
May 17 045 “0571 0057 L0175 ‘ 504 -6
ay 813, ... ... L0474 10503 10028 T0134 451 1331
May 15-21. .00 ~0668![ 96147 Tos06]r 0966 oozl [ 0035 Conas|( -O154) [a7i)f - 495 04| - 435
May 22-31...... .. 0871 10685 0023 0178 405 497
gune 17, " 0363 10351 0028 0050 325 l422
une 814, ....00" 77 01620 oorrl) - 0026 : g 1388
June 15-21...0000 03741} -O4160 Tozalf 0267y Jono [ 0026y Tooas [ - 0090 Ta7ylr -364) aggr - 485
TJune 22-30.....070" 0648 0342 -0024 -0084 474 L 404
Ay S04 oo 03y o017 } - 00i3 e 5
y 814, oIl J0231 ©0237 L 001 . ; :
Juy 15210000000 L0517/ 9504 " o300/( - 9291 0010 ‘0014{ “0043 [ 0041 [ g3ylr 4831 gp4)r 581
July 22-31. ... .00 ~0708 L0388 L0014 10037 ~651 .788
Trr R R E e B
ugust 8-14....... .017 02 . 001 . . .
August 1521 To202[ - 98223 Toys7( <0304 Toorqf - 00123 Dongelf -0083) I3yt -346) T3p4r -419
August 22-31.. ... 10525 10371 -0017 ~0038] 1325 622
September 1-7. . ... - 0369 L0271 Qs 007 268 485
September 8-14....| .0265 . 0394 . . 0071 .3 .
September 15-21_..| 0628 * 0494\ - 0506|( - O#481) _0004|[ - 9008y oo67|f - 0068 [3gs|( -398) gog( - 433
September 22-30...| 0557 -0768 ~0011 - 0067 L4850 a3
October 1-10. ... 20508 .0508 .0448 .o0448| .o01l| .oo11] .0064] .0064| .617| .617] .388 .388
1901.
October 1-7........ 0805 0869 0024 0110 428 .485
Qotober .14 -} "0302 -0571 -0z 0124 8 291
ctober 15-21......| 0449 0706 - 0058 : : :
October 22-28. ... ~0s40]( -0884 Toss7f - 073210 "oo4s|( - 004811 oteolf - 0132y 377|370l [am|p -327
October 29-No-
vember 4........ L0717, . 0957] . 0082 .0123 . 400! . 360
November 5-11..... . 0634 L0714 .8124 —f - 81;3; . §3471‘ . %g;
November 12-13....| .0894 {0720 lo141 Jo1 ‘25 :
November 19-25."| 0siolf - 780y Jodsgir - O70%) oog(r - ©0M4) Touzi - 0162 .2601} <2467 o911 - 326
November 26~30....| .0844 . 0648 . 0128 | . 0170; . 184| .223
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The witness stated in discussing the above table that the investi-
gation was made in this way for the purpose of determining whether
the water at the intake was of ‘“homogeneous character’” and whether
the water on both sides of the river was of the same chemical consti-
tution. A marked difference was found at times, as showr in the
table. The witness pointed out that soon after the beginning of the
investigation nitrites were found to be twice as great in proportion
on the Illinois side as on the Missouri side, and attributed this to the
fact that in February there was a rise in Illinois River coincident
with the opening of the Chicago drainage canal; during the same
time, however, Mississippi River was at low stage. The witness found
that in general, during the analytical period, the water on the Illinois
side of the river was from four to five times more polluted than that
on the Missouri side. He concluded further, from the fact that the
amount of nitrites in the reservoir was greater than that in Missis-
sippi River along the Missouri shore and less than that along the
Illinois shore, that there must have been a mixture of the two waters
at the intake. He added that all the determinations made con-
firmed this interpretation. He then compared the character of the
water from Missouri River opposite Fort Bellefontaine w'th that
from Mississippi River at Chain of Rocks near the Missouri shore and
declared them to be the same. He further stated that the water at
Chiain of Rocks near the Illinois shore was at all times Mississippi
water and that the waters from the two rivers became mixed at the
intake. This conclusion was reached from a consideration of the
amounts of chlorine, total solids, and free and albuminoid ammonia
taken at the three points at Chain of Rocks. In every case the sam-
ples from the intake represent a mean between those from the two
shores. (1013-1032.)

The witness then discussed a formula by which the proportion of
Mississippi and Missouri rivers waters entering the intake at Chain of
Rocks might be determined. (1032-1034.) This formula may be
expressed in simple equations, as follows:

z+ y=1
ax+by=c N
in which
x =Proportion of Missouri River water entering intake.
y =Proportion of Mississippi River water entering intake.
a=Amount of chosen constituents in water at Missouri shore, Chain
of Rocks.
b=Amount of chosen constituents in water at Illinois shore, Chain of
Rocks.
c¢=Same in mixed water entering intake.
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Taking as an example the week ending August 21, 1900, with the
nitrite determination as a basis, the witness gave a pr-~ctical demon-
stration of the use of this formula. The values of @, ¢, and ¢ for the
week mentioned are 0.0014, 0.0102, and 0.0035. Sub<tituting these
values in the above equation, we have—

0.0014x +0.0102y = 0.0035.
Since in the first equation
zt+y=1,
the values may be reduced to
0.0014z+0.0102 (1 —x) =0.0035,

whence .

=14 (nearly)

y=1 (nearly).

"The above computation showed, in the opinion of the witness, that
during the week mentioned three-fourths of the water delivered to St.
Louis was from Missouri River and one-fourth from Mississippi River.

It should be especially noted at this point that Professor Keiser
based the greater part of his interpretations on the nitrite determina-
tions, occasionally considering the ammonia. Continuing with his
testimony, he stated that there was always more or less Mississippi
River water in the reservoir at Chain of Rocks. Although there might
be one or, perhaps, two days at a time during which the water would
be largely from the Missouri, yet the mixture in the r-servoir would
always contain a certain amount of Mississippi water. In the opinion
of the witness Mississippi River is a badly polluted stream below a
point a short distance above the mouth of Illinois River. Above this
point the water is in much better condition. He also characterized
Missourit River as a fairly good stream from a sanitary standpoint.
(1034-1035.) .

The witness then entered on a comparison of the nitrites in the
water of Mississippi River at Chain of Rocks, Illinois shore, at Hart-
ford, and at Alton, and stated that the determinations showed in
general that nitrites were higher at Hartford than at Chain of Rocks,
and again higher at Alton than at Hartford, though they were very
much lower in Mississippi River above the confluence of Illinois River.
The results of these determinations are set forth in Table 25. (1035-
1037.) -
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TABLE 25.— Weekly and monthly averages of nitrite determinations in daily sariples of
water from Mississippt River at Chain of Rocks (Illinois shore), Hartford, and Alton.

[Parts per million.]

Chain of Rocks. Hartford. | Alten.
Date. E— |
Weekly. | Monthly.| Weekly. Monthly.i Weekly. | Monthly.
1900. ‘
January 24-31. .. ooo. oo 0.0130 | 0.0130 | 0.0183 | 0.0183 | 0.0225| 0.0225
%‘elﬁruary é:ﬁ .................. L0214 8‘.12%(1) . 0%83
ebruar; e e e e eeaeeeiean - . .0
February 15-21 TS T R S oiso If  -0199 0 gos -0253
February 22-28 | . 0136 .0248 .0334
Maren 81410 o o158 R
arc .- . . .
March 15-21. o2sa lp 01641 Topgo |p (03N loznn -0248
<0200 0191 . L0191
: 0288 .0308 :0417 0358 0428 .0378
-0Z74 -0431 .0485
0157 .0213 10223
orad L owsa | 28N oo | D288 o2s
0178 -0240 [ ~0277
0050 Q050 [ -oom
. 2 . .00
0ss |1 %0 [ Toosr |1 0% 100G .0104
-0084 10225 L0243
20041 014 0153
U loos 105 -0163
Jaly 152100011 U ooz qp (00N lgpeg |p 0121y log77 <0159
Jaly22-31...... 0 o037 -0143 L0144
Avgast 172000 S 0053 - 071
ugast 814,210 o loomr . .01
Augast 15-21 oz |f 3y lorrz|f %095 ogso -0104
: 10038 -0074 0064
oon 0084 o103 |
007 . . 011
<0067 0068 11 0084 0097 i oiz4sf OS5
10067 -0120 J0134 |
{0064 | .0064 | 001 [ 0101 | 024 | 0124
1901. 1
October 17....................._..._.... 0110 .0235 .0160
October 8-14__.._.......... - L0124 .0184 ! .0121
October 15-21.......... ... S ot vooesz ! towso 't .oz | loiso b Lol
October 22-28............ .0160 | .0163 ’ L0190 !
October 29-November 4. . . 0123 .0137 .0102 |
Sl e LI
ovember 12-1s......... . . .
November 19-25.. ... .. O em|p Ol ower|[ (OB oo -0096
November 26-30. ... .......c.oioiaiiiL. .0170 .0186 . 0088

In reply to a question concerning the effect of the sewage of Alton
the witness stated that the chemical data proved that it Fas no
apparent effect on the river, because the dilution is so great that the
amount of sewage entering there does not perceptibly increase the
amount of organic matter. Continuing, the witness stated that in
Illinois River the nitrites are considerably higher than in the I fissis-
sippi, but far lower in the Mississippi above Grafton than they are in
the same stream at Alton, Hartford, or Chain of Rocks, indicating
that Mississippi River above Grafton is in a purer condition then it is
below. He further stated that chemical analyses show that the pol-
lution of the Mississippi comes from Illinois River, and that if it were
not for that pollution the water of the river at Chain of Rocks along
the Tllinois shore would be very similar in character to that along the
Missouri shore with respect to free ammonia and nitrites. Missouri
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River water, however, contains more chlorine than that of the Missis-
sippi because of the fact that large amounts of salt are emptied into
the river from Kansas. He finally stated, without qualification, that
were it not for the flow of the polluted waters of Illinois River the
Mississippi at Chain of Rocks would afford a good d-inking water on
both sides of the channel. (1041-1043.)

A chart was then introduced (Complainant’s Exhibit No. 22) show-
ing graphically the variation in the quantities of nitrites found in
Illinois River above Grafton and above Peoria. It was the conten-
tion of Professor Keiser that this chart showed that the water in Illi-
nois River above Grafton was inferior to that in Mississippi River at
Alton, and that as Illinois River was ascended the conditions became
worse, and his conclusions from these facts were as follows: Although
before the opening of the drainage canal Illinois River contained sew-
age matter, there was greater oxidation in the region above and imme-
diately below Peoria and in fact all along the river, the movement of
the water was slower in the river, and while the water was impure
above Peoria a smaller quantity of nitrites was found, showing that
oxidation had proceeded further than it did subsequent to the open-
ing of the canal; in other words, by the turning in of so great a quan-
tity of water into the Illinois system the ‘‘region of bacterial action
and the conversion of the nitrogenous organic matter into nitrites was
moved much farther down Illinois River and into 1Mississippi River
below the mouth of the Illinois.” The witness further stated that
inasmuch as the analyses made during October and November, 1901,
showed a more highly polluted condition than those made during 1900
the conditions were growing worse rather than improving. (1043-
1046.)

Data concerning the nitrites and free ammonia in Illinois River at
various points were presented and are included in Table 26. (1042—
1060.) '

The witness then stated that the analyses indicate a decided
increase in the amount of impurities since the opening of the canal.
In his judgment this pollution continues down to Chain of Rocks, a
portion of it finding its way ta the intake tower of the waterworks
and thence to the reservoir at St. Louis. As the volume of water
going down lllinois River is greater now than previous to the opening
of the canal there is less opportunity for sedimentation to take place.
(1048-1049.)

The maximum allowable amount of free ammonia is 0.05 part per
million, and when this is exceeded the water is to be regarded with
suspicion. If there are measurable quantities of nitrites the water
should be condemned, inasmuch as good drinking weter should have
Do nitrites in it. (1052.)



81

TESTIMONY OF EDWARD H. KEISER.

663°1 89¢°T 6810

Ll gt 99T 2910

eegT T 0210

9612 9892 1200°
6891 FL6°T £800°
1891 ¥E8 T 1800°
11 L9°T $110°
866 T 9632 $£00°
9081 169 °¢ 08L0°
L8% T $60°¢ €790’

‘WINWIXBUI | ‘988BIAB | “WINTIIXBUL
Aquopw | Adp | AMIUOW | APTRM
“BIUOUIUIE 991 ‘S9N

*o3BI0AB

|

*4I0d3207] 3V

‘08BIOA®R | “WINUWIIXBUI | "93BIIAT | ‘WINUIIXBIU | ‘08BIIAE | "WINUITXBUL
Aqpuop | A1¥OM | ATQIuoW | A1¥eA | ATqIUoW | ATNeIM
“BIUOWWB 394, SN “BIUOTLIL® 991,
“dlo IV ‘RLIOVJ

|

*93BIoAB

Auol | A1499M
"SIPUUN

JAOY

“TWNWIXBUL

‘BIUOW

swe darg | FOPHHIN

o9
-TRI1) AAOGE SONW 2

- I3QUIAAON
..... 1910300
“T06T

.......... 13¢0 100
........ J9quIdldeg
©---isndny

[12dvy
YoIBIg
......... Areniqeq
©T U 1epg L1Bnue(

‘0061

918

{-uonrur xod s118J]

-spurod payfioads v 42ty SOUNT WOLL d2)DN UL DIUOWUD 2.Lf PUD $IPULIU JO SUOYDUULIIGD Apop fO $abv.sew fifyjuo Jf— 97 14V,

IRR 194—07T——56



2 POLLUTION OF RIVERS BY CHICAGO SEWAGE.

The witness gave the data presented in Table 27, with reference to
the amount of chlorine in the water of Illinois and Mississippi rivers
above Grafton. (1053.)

TABLE 27.— Monthly averages of daily determinations of chlorine in water from Illinois
and Mississtppi rivers above Grafton, 1900.

[Parts per million.]

. Missis- ' . Missis-
Illinois PR . Tllinois PR
Month. F sippi Month. : sippi
River. | Son, River. | 52
January.......coooooooaool 14.1 5.7 | June........o.......o.. 12. 5.1
February 13.1 6.1 (| July.ooeomn i 18.0 7.7
March.._...... 7.0 4.5 | August. ... ... ... ...... 16.5 5.2
April....._..... 6.1 4.8 || September................... 14.8 3.3
May.. ool 10.9 4.2 || October-................... 16.9 3.9

He then gave the comparisons shown in Table 28 with reference to
Illinois River above Grafton and above Peoria. (1047-1048.)

TaBLE 28.— Monthly averages of daily determinations of nitrites and free ammonia 1n
water from Illinots River above Grafton and above Peoria.

[Parts per million.]

Grafton. Peoria.
- Free am- - Free am-~
Nitrites. monia. Nitrites. monia.
October, 1900, . ... ..o it 0.0428 0.0677 0.1857 1.404
October, 1901. . ... . .. .. .720 1502 .1240 .305

The witness then gave the following data concerning the water
from the drainage canal off Pauline street, Chicago (1060-1064):

TABLE 29.—Determinations of free ammonia, nitrites, and chlorine wn daily samples of
water from the Chicago drainage canal off Pauline street.

[Parts per million.]
Free am- S . Free ar- T .

Date. monia. Nitrites. | Chlorine. Date. monia. Nitrites. | Chlorine.

1901. . 1901.
October9......... 0.328 0.016 22.8 || November 6...... 0.568 0.015 10.0
October 10........ 2. 860 .040 23.0 || November7...... .€52 .018 16.0
October 11........ .676 .018 | 18.0 | November 8...... .436 .028 12.0
October 12........ .812 .017 12.1 || November9...... . 452 .015 10.8
October 13........ 1.66 .036 20.8 || November 10..... .£49 .015 14.2
October 14.._................. .015 21.0 || November 11..... . 560 .013 14.8
October 15._...... 1.072 .017 19.0 || November 12..__. 5.192 .025 106.0
Octoher 16........ 1.500 .018 23.2 || November 13..... . 568 015 12.2
October 17........ .884 .018 19.5 || November 14..... .€40 .015 9.0
October21........ 672 .019 22.3 || November 15..... . 468 027 8.0
Qctober 22_....... .334 027 22.5 ;| Novembher 16..... .428 .016 11.0
October 23..... . ‘884 2013 175 l November 17..... (588 1023 110
October 24........ .706 .016 18.2 || November 18..... . 452 015 9.0 .
October 26........ .732 .015 22.0 | November 19..... . 560 .016 11.2
October 27..._.... 1.020 .014 21.3 ‘ November 21..... .716 .007 8.0
October 28........ 1.288 025 21.7 || November 22..... .664 .013 11.9
October 29........ .74 .016 23.8 || November 23..... .504 .018 11.3
October 30........ .700 .019 29.0 || November 24..... .€28 017 12.3
October 31........ .744 .018 24.2 || November 26..... . 404 .017 9.0
November1...... .968 .028 21.5 || November 27..... .C68 017 11.6
November 2...... .628 .016 23.0 | November 28..... 256 .016 16.1
November3...... .648 017 13.8 \ November 29..... 1.£02 017 16.2
November 4...... .088 .013 13.2 J November 30..... 2,140 .015 29.0
November 5. ..... 1.068 017 11.3 :

i
'
t
|
I
I
|
'
|
|
1
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The results weré then discussed by Professor Keiser substantially
as follows:

From these analytical results it is apparent that the wster of
Tllinois River was more highly contaminated with nitrogenous organic
matter at Joliet and Lockport than at Peoria. Higher values are shown
for free ammonia and nitrites at Joliet than at Lockport. This is
accounted for by the fact that the samples at Joliet were taken imme-
diately under the Illinois and Michigan Canal, which passes over the
river at that point. The analyses are typical of sewage; it can not be
called water. Several months after the analyses began, the quantities
of nitrites and free ammonia diminished both at Lockport and at
Joliet. 'This is accounted for by the outflow of the water of the drain-
age canal. In other words, after the opening of the drainage canal
this concentrated sewage at Lockport and Joliet was diluted. That,
in part, is the result shown by the analyses. The results obtained at
Peoria and points below show that this sewage from Lockport and
Joliet had been washed farther down the river. There were at
Grafton much higher nitrites and free ammonia after the opening of
the canal than before, and that is evidence of the flushing down of the
sewage matter which had accumulated at Lockport and Joliet and in
the upper regions of the river. (1064-1065.)

Professor Keiser was recalled to the witness stand for the purpose
of making comprehensive interpretations of the chemical data which
had been offered in evidence by the witnesses on behalf of the plaintiff.
He submitted the data given in Table 30 concerning the analytical
results. The first and second entries in the table are the averages of
17 analyses made from May 2, 1893, to January 24, 1894, by the water
department of St. Louis, and originally appeared in the message of the
mayor for 1894. The third entry is the average of 21 analyses made
at intervals from December 15,1892, to April 20, 1894, in the chemical
laboratory of Washington University. The fourth entry is ar aver-
age of 26 analyses made by the city chemilt at intervals from Sep-
tember 9, 1899, to January 22, 1900. The remainder of the table
consists of data given in the testimony of Dr. William C. Teichmann.

TABLE 30.—Average results of sanitary analyses of Mississippi River water at St. Louis.

BEFORE OPENING OF DRAINAGE CANAL.

Number | Albumi-| Free : ;
Date. ofpls:,sx.n- nrggln am-| am- tgtl;s. tr{;ltlés. ggg‘ Sampliny point.
M%gr 942 1893, to January 24, 17 1.033 | 0.046 | 0.003 0.38 |........ Distributing well.
All)gg‘iu 1893, to January 24, 17 411 .019 . 002 R ) P Settling basin.
Dgcoembir 15, 1892, to April 21 . 310 .048 . 005 W38 . Not designated.
Septem ber 9, 1899, to Janu- 26 .522 . 063 .002 289 e Intake tower.
ary 22 1000.
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TaBLE 30.—Average results of sanitary analyses of Mississippt River water at St.
Louis—Continued.

AFTER OPENING OF DRAINAGE CANAL.

il
Number | Albumi- |, Free < . .
+ Ni- Ni- Chlo- N "
Date. of sam- |noid am-| am- - ¢ Sampling point.
e monia, “monia, trites. | trates.| r'ne. PUng p!
= |
February, 1900 28 [ 0.676 | 0.217 | 0.013 0.60 |_._._._. Intake tower.
March, 1900 31 1.202 . 348 . 014 .80 fie..... 0.
April, 1900 30 1. 036 . 186 . 020 .60 9 Do.
May, 1900 31 1.190 .094 011 .50 10 Do.
June, 1900 30 1.148 .070 004 .30 11 Do.
July, 1900. .. .. 31 1. 350 .127 004 .30 10 Do.
August, 1900, _........_...... 31 810 .101 005 .40 12 Do.
September, 1900.............. 30 .818 .093 004 .70 15 Do.
October, 1900. ... .......... 31 898 .18 006 .60 |» 9 Do.
November, 1900.............. 30 . 705 . 098 007 .60 10 Do.
December, 1900....._._...... 31 - 289 .105 011 .40 17 Do.
January, 1901...._......_... 31 . 396 144 .80 19 Do.
February, 1901............... 28 - 206 .121 007 .70 19 Do.
March, 1901. 31 1. 455 . 310 013 1.3 1 Do.
April, 1901. 30 1.034 . 191 . 016 11 6 Do.
May, 1901. 31 . 506 . 088 . 002 .4 9 Do.
June, 1901..... 30 1.161 . 105 . 002 .5 10 Do.
l \ ‘
AVERAGES.
Before opening..... [ a 81 0.569 | 0.044 | 0.003 0.40 |._.... .
After opening................ 2515 .880 .150 | .009 .6 12
I
a Total.

In interpreting the above data the witness stated that the analyses
recorded prior to the opening of the canal show thet the water was
comparatively stable and not unwholesome compared with its subse-
quent condition. January 17, 1900, the drainage cenal was opened.
The water must have reached St. Louis about the beginning of Febru-
ary and the results are clearly shown in the analytical statement made
for that month. A portion of the great increase noted in free ammonia
and nitrites in February and March might have been due to the fact
that in the winter months impurities are usually found to run higher
than in spring and summer, but the increase during these two months
was very much greater than had been observed in ary previous year.
From the subsequent results it is apparent, according to the witness,
that the character of the water has permanently changed. (1697-
1702.)

In reply to questions concerning the Missouri River data, the wit-
ness presented the average results recorded in Table 31. Contrasting
the condition of the water before and after the opening of the canal,
he stated that the differences were slight—that no change resulted in
the general character of the water—showing conclusively that the
changes noted in the Mississippi River water at the Chain of Rocks
intake tower, could not have been due to any incresse of impurities
in Missouri River. (1702-1704.)
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TABLE 31.—Average results of sanitary analyses of Missouri River water near Fort Belle-
Sfontaine.
[Parts per million.]
BEFORE OPENING OF DRAINAGE CANAL.

Number | Albumi-
Date. of sam- | noid am- | ¥, ;fgn?‘;n' Nitrites. | Nitrates.
‘ ples. monia. -
Prior to February 1, 1900, .................. 19 \ 0.499 0.107 0.0045 0.39
I
AFTER OPENING OF DRAINAGE CANAL.
February 1 to October 10, 1900. 268 1. 203 0.142 0.007 0.50
October 1 to November 30, 1901 61 .631 . 069 . 003 .55

" The witness then testified concerning the results in evidencs, with
reference to the character of the water of Mississippi River at Hart-
ford, 1 mile above the mouth of the Missouri, 17 analyses of the water
having been made at intervals between August 3 and December 4,
1899. The average of these analyses, together with those ol tained
after the opening of the canal during the periods January 23 to Octo-
ber 10, 1900, and October 1 to November 30, 1901, will be found in
Table 32, (1705.)

TasLE 32. ——Avemge results of sanitary analyses of Mississuppt River water opposite

Hartford.

[Parts per million.]
BEFORE OPENING OF DRAINAGE CANAL.

Number | Albumi-
Date. 1 of sam- | noid am- 1 F;le:n?;n— Nitrites. | Nitrates,
| Dles ! monia. |
August 3 to December4,1899. ... .. ... ... } 17 0.622 i 0.107 } 0.004 0.5
AFTER OPENING OF DRAINAGE CANAL.
January 23 to October 10, 1900. . 260 0.613 ' 0.275 0.018 0.7
October 1 to November 30 1901. 61 ‘ .368 ‘ . 062 011 .54

In interpreting these results, the witness pointed out the fact that
at Hartford, as at the intake, there had been a permanent increase
in the amount of pollution in the water after the opening of the
canal. (1704-1706.)

The witness then took up the analyses of samples from Mississippi
River above the mouth of the Illinois and presented the sverage
results, as shown in Table 33. (1705-1707.)
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TaBLE 33.—Average results of samtary analyses of water from Mississippi River abov
mouth of Illinots River.

[Parts per million.]
BEFORE OPENING OF DRAINAGE CANAL.

Number | Albumi- | o0 o000
Date. of sam- | noid am- moni Nitrites. | Nitrates.| Chlorine
ples. monia. a.
September 6, 1899, to January 17, 1900.] 18 [ 0. 503 0. 069 0.002 0.30 ‘ 6.(
j .
AFTER OPENING OF DRAINAGE CANAL.
January 23 to October 16, 1900. ... ... 264 0.587 0.138 0.008 0.46 5.(
October 1 to November 30, 1901....._. 61 .348 .087 .001 .10 4.7

\d

The witness stated that these data plainly showed that the water
from Mississippi River above the mouth of the Illinois is in stable
condition, and that practically no change has taken place in its com-
position since the opening of the canal—a fact which exgludes the
possibility that the change in the character of the St. Louis water is
due to increased impurities in the upper Mississippi. (1706-1707.)

He then gave the results of analyses of samples of water from
Illinois River 3 miles above Grafton, collected before and after the
opening of the Chicago drainage canal. These re~ults are included
in Table 34. (1707-1708.)

TABLE 34.— Average results of sanitary analyses of Ilhnois River water 3 miles above
Grafton.
{Parts per million.]
BEFORE OPENING OF DRAINAGE CANAL.

Number | Albumi-
Date. of sam- | noid am- l F;]e:n?gn- Nitrites. | Nitrates.| Chlorine.
ples. monia. \ .
September 6, 1899, to January 17, 1900. 19 0.553 l 0.215 0.012 0.8 25.C

AFTER OPENING OF DRAINAGE CANAL.

January 23 to October 10, 1900........ 265 0. 509 ' 0.272 0.032 0.96 13.¢
October 1 to November 30, 1901 ...... 61 .373 l L110 . 043 1.71 2L ¢

The witness stated that prior to the opening of the canal the
Illinois water above Grafton was badly polluted and unpotable.
Nevertheless, for ten months after the opening of the canal there
was an increase in free ammonia of nearly 27 per cent and in nitrites
of 167 per cent. The only conclusion to be drawn from these figures
is, according to the witness, that after the canal was opened there
was a much larger quantity of sewage undergoing putrefactive change
than before, and he argued that it was this sewage from Illinois River
which had caused a permanent change in the character of the water
entering the St. Louis intake at Chain of Rocks. (1707-1708.)
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The witness then presented the average results of analyses of water
from Illinois River above Grafton and above Peoria; from Desplaines
River at Joliet; from the Illinois and Michigan Canal and the drain-
age canal at Lockport, and from Lake Michigan. These results are
shown in Table 35. (1708-1710.)

TABLE 35.— Average results of analyses of water from stated points, January 23 to October

10, 1900.
[Parts per million.]
Sampl oo, | A | Free g Nitrates.| Chl
ampling point. of analy- noi s itrites. | Nitrates.| Chlorine.
ses. ammonia. | ATUMOMA.
Tlinois River 3 miles above Grafton .- 265 0. 482 0.239 0.034 1.11 147
Mlinois River 3 miles above Peoria... 260 .284 . 468 . 095 1.48 19. 4
Desplaines River at Joliet............ 219 . 452 2.732 . 057 .22 23.9
Illinois and Michigan Canal
X o 2 P 13. 250 009 0 150.0
Drainage canal at Lockport........_. . 1.58 026 15 15.0
Lake Michigan. ...................... .043 005 .15 6.0

The witness pointed out that the figures in the above table show
that the water becomes steadily more and more impure as Illinois
River is ascended, and that the entire river is in a highly polluted con-
dition. The water of Lake Michigan, from which the supply of the
two canals is derived, is in good condition from a sanitary standpoint,
and the fact that it contains so large an amount of organic matter
by the time it reaches the canals is sufficient proof that this matter
must be derived from the sewage of Chicago, the results of wlich are
traceable all along the valley and down to the St. Louis intake.
(1708-1710.)

The witness made and discussed a series of statements concerning
the pollution or amount of organic matter in water from various
peints before and after the opening of the Chicago drainage canal,
based on averages of analyses made at specified periods. He con-
sidered that the determinations of albuminoid and free ammonia and
nitrites would constitute a sufficient index of pollution. The results
are set forth in Table 36. (1073-1078.)

TABLE 36.—Avwerages of analyses of water at chosen points before and after the opening of
the Chicago drainage canal.

[Parts per million.]

Albuminoid | I

ammonia. | Nitrites.

Free ammonia.
Sampling point.

i
Before. | After. | Before. | After. | Before. | After.
,

Reservoir, St. Louis...................... 0.214 0.271 0.111 0. 210 0. 004 0.013
Mississippi River at Alton.......... .. . 200 .728 .288 . 460 .212 . 104
Missouri River at Fort Bellefontaine . 063 . 395 L1351 - 148 . 008 | .014
Mississippi River above Grafton .- . 478 . 565 .113 . 176 . 005 . 005
Tllinois %iver above Grafton...... .- . 478 .913 L113 . 946 . 005 . ggg
a a.
linois River above Peoria.............. a.572 { az?: g%(.]) } c.895 { b %8% } a.141 { b 030

e According to J. H. Long. b According to E. H. Keiser.
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The periods of analyses included in the above table are as follows:

For the reservoir at St. Louis: Before opening of canal, January, 1970.
After opening of canal, February, 1970.
For Missouri River at Fort Bellefontaine: Before opening of canal, January, 1900.
After opening of canal, February, 1900.
For Mississippi River at Alton: Before opening of canal, January, 1900.
After opening of canal, February, 1900.
For Mississippi River above Grafton: Before opening of canal, January, 1900.
After opening of canal, February, 1900.
For Illinois River above Grafton: Before opening of canal, January 23-31, 1900.
After opening of canal, February 21-28, 1900.
For Illinois River above Peoria: Before opening of canal, J. H. Long’s results for 1899.
After opening of canal, Long’s results, February to
Aypril, inclusive, 1900, and those of the witness,
February to March, inclusive, 1900.

According to the witness the figures in Table 36 show unmistakably
that there was a great increase in the pollution of Iilinnis River after
the opening of the canal, but no corresponding increase in that of the
Mississippi above Grafton or of Missouri River at Fort Bellefontaine.

CROSS-EXAMINATION.

The cross-examination brought out the admission from Professor
Keiser that he had made no personal investigation of the Illinois
River drainage area and that the physical conditions, except as they
might be learned from maps, were unknown to him. He declared,
however, that such knowledge is not necessary to an intelligent
interpretation of his results. (1080-1081.)

The cross-examiner then endeavored to show that the method used
by the witness to determine the proportion of Mississipp and Missouri
river waters entering the intake at St. Louis is faulty, because the
algebraic formula does not take account of the relative amounts of
water furnished by these streams, to which the witness responded
that no such fallacy is involved, because the values are true irrespec-
tive of the volumes of water making the mixture. If in a mixture of
Missouri and Mississippi river waters the amount of 1Missouri water
was one-third greater than the Mississippi, but the Mississippi pol-
luted twice as much as the Missouri, the degree of pollution in the
mixture chargeable to each stream would not correspond with the
relative volumes of the two streams, but with the relative proportions
of impurity. (1100-1103.)

In response to questions, the witness then gave the monthly aver-
age results of his analyses of water from Missouri River at Fort
Bellefontaine. (1104-1106.)
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TasLE 37.—Monthly averages of daily ana’yses of water from Missourt River at Fort
Bellefontaine, 1900.

[Parts per million.]

Alburn- n
Month. noid am- }’;f:n?;n' Nitrites. | Nitrates.' Chlorine.
monia. :

JANUATY -« oot ot e t 0.363 0.135 0.008 0.415 23.5
February. ... ..oooi s | 395 232 .014 592 18.6
March. .. 1.182 144 .023 965 12.1
ADTil. e 775 . 069 018 485 12.5
S 1.484 .083 013 484 14.5
June. ... 1.181 .067 .003 418 11.4
JUlY .o 1. 556 .055 .001 . 462 11.2
August. ...l .842 .038 .001 .435 12.8
September. ... ... ieis 1.133 .068 .002 |- .381 16.3
OCtoObeT. - 1.382 .055 .002 . 560 11.4

The witness stated that he had made no determinations of the vol-
ume of water contributed to Illinois River by its tributaries vor had
he taken this into consideration. He had regarded all the impurity
found in Tllinois River as coming from the drainage canal, because
these impurities increased steadily as the river was ascended. If the
impurities were derived from the tributaries, the amounts of albu-
minoid and free ammonia and nitrites would be fairly constant
throughout the length of the main stream, but inasmuch as there was
a constant increase all the way upstream and as at Joliet the river
water was found to be merely dilute sewage, the chief cause of pollu-
tion must lie in the drainage canal. (1108-1110.)

The cross-examiner then directed the attention of Professor Keiser
to that part of his testimony in which he referred to a report of Prof.
J. H. Long in presenting figures to show the comparative condition
of the water of Illinois River at Peoria before and after the opening
of the canal. He pointed out that the witness had given for free
ammonia the values 0.895 (Long) before the opening and 3.060 (Long)
and 1.950 (Keiser) after the opening. (See p.87.) The cross-exam-
iner showed that the witness had selected Long’s free ammonie. deter-
minations from samples taken at ‘‘The Narrows,” above Peoria, to
show the condition before the opening of the canal, and the determina-
tions from samples taken at Wesley, below Peoria, and in the field of
high contamination from Peoria sewers, to show the condition after
the opening of the canal. Tt appears from an examination of the tes-
timony and Long’s report that three series of examinations were con-
ducted by him at Peoria. The first extended from July 5 to November
29, 1899, the samples being taken at Peoria Narrows (above Peoria)
and at Wesley (below Peoria); the second extended from March 7 to
April 25, 1900, all the samples being taken at Wesley; the third
extended from June 7 to October 10, 1900, the samples being taken
at both points mentioned.

The witness finally admitted that he had compared the figures for
Peoria Narrows for 1899 (before canal opening) with those for Wesley
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for March and April, 1900 (after canal opening). In attempting to
justify this comparison the witness made the following statements:
First, as no analytical results appeared in Long’s report with reference
to the water above Peoria in the examination of March end April, 1900,
and as the witness desired to procure data for a period as close as pos-
sible to the opening of the canal he had selected the Wesley figures for
the stated period, believing that the effect of the Peovia sewage was
negligible. Second, the analyses made by Long of water taken from
Peoria Narrows, July 5 to November 29, 1899, and June 7 to October
10, 1900, would not admit of comparison by average statements,
as the comparisons were stated in the witness’s testimony, because
the average of the determinations for 1899 included analyses made
during November, while those of 1900 ended October 10. Free am-
monia and nitrites increase greatly in November, and to include these
determinations in the average for 1899 would result in an unfair com-
parison in favor of the defendants. Why, if such were the case, he
did not make the comparison by eliminating the results of Long’s
analyses for November, 1899, and leaving only the determinations
extending to October 10, the date of the closing of Long’s investiga-
tion of 1900, he did not venture to explain. It is evident from the
testimony that he believed it equitable to take for comparison the
results of an entirely different part of the year, viz, March and April,
1900. Third, while he had quoted figures from Long’s report, as
above stated, he also included the results of his own analyses for 1900,
and his interpretations were not affected by Long’s results. Why, if
such were the case, he included them in his testimony was not
explained.

The cross-examiner pointed out that had he taken Long’s results for
Peoria Narrows in 1900 there would have appeared in the comparison
a great decrease in ammonia and nitrites instead of the increase
reported. The witness thereupon denied that such a comparison
would be warranted for reasons above stated.

After further questions concerning the figures of the comparison
made by the witness, he made the following statements:

I wasn’t aware that there was any certain degree of difference. In making this
comparison I found the table on page 44 [Long’s report] was the nearest one that
Professor Long has published of results made after the opening of the drainage canal,
and I took Peoria here as being the nearest point to that point vhere I had taken
samples for analysis. I didn’t know where it was exactly, and I didn’t know whether

the sewage of Peoria got into the river at Wesley. "I thought it was considerably below,
if anything. I did not think it was right in the town of Peoria. (1128-1129.)

The cross-examiner then called the attention of the witness to page
36 of Long’s report, in which values for free ammonia, albuminoid
ammonia, nitrites, and nitrates are given for samples of water taken
at the Narrows, above Peoria, from July 5 to November 23, 1899, and
again to page 64 of the same book, where values are given for the
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same determinations from samples taken at the same point during
the period from June 7 to October 9, 1900. It will be noted that
these two periods are before and after the opening of the canal,
respectively. The witness was then asked if in the showing for free
ammonia, albuminoid ammonia, nitrites, and nitrates there was a
considerable reduction in the latter period as compared with the
former period. To this he replied ‘‘Yes,”” and in explanation of this
reply made the following statement:

I wish to state that we are now comparing analyses of waters made at different seasons
of the year. We are comparing analyses made in the fall of the year, from July down
to the end of November, when the rivers are apt to be low, with the analysss made in
the early summer, * * * when the rivers are apt to be swollen with rainfall, and
therefore it is not altogether a good comparison. In my work I was not endeavoring
to establish the yearly value. I was endeavoring to determine what the effect of the
opening of the canal was, and for that purpose I compared [analyses made before the
opening of the canala] with the analyses made immediately after the opening of the
canal ¥ * * and I found my own analyses showed an increase immediately after
the opening, taking analyses as near as we have them to the opening. (1131-1132.)

The cross-examiner then called the attention of the witness to that
part of his testimony in which he affirmed that the waters of Missouri
River at Fort Bellefontaine and of Mississippi River above tke mouth
of the Illinois were fairly good from a sanitary standpoint. He then
recalled the statement of the witness that water containing a measur-
able quantity of nitrites should be regarded with suspicion. Finally,
he reviewed the testimony of the witness concerning the character of
the water of Missouri River at Fort Bellefontaine, in which le stated
that there was an average of 0.008 and 0.014 part per willion of
nitrites before and after the opening of the canal, respectively, and
asked him to reconcile these statements. In reply, the witness stated
that only during the summer months were the nitrites low and the
water potable, but during the winter the nitrites were high and the
water was unfit for use In its raw state. (1132-1134.)

Other features of this cross-examination are of interest as showing
the basis on which the witness interpreted sanitary analyses. Inreply
to various questions he made the significant statements that he did
not include in the evidence presented the determinations of total
solids, because they would throw very little light on the sanitary
condition of the water; that he would be able to give an opinion as
to the sanitary condition of the St. Louis water without a krowledge
of the chlorine content, although in general to determine the potability
of water this factor should be taken into consideration; that the
determination of oxygen consumed is not always of importance,
although at times it assists in forming an opinion about the water,
especially when very little is known about the natural history; that
he did not think it necessary to determine dissolved oxygen, because

e Phrase in brackets missing in record; inserted here to complete sentence.
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it did not add information of value; that he considered the determina-
tion of albuminoid ammonia of very little value in determining the
character of the waters under discussion. (1711-1717.)

It was apparent from the statement of the witness (1716) that he
accepted an absolute standard of potability defined by the analysis as
follows: Free ammonia should not be greater than 0.1 part per million
and the nitrites should be hardly measurable. Several analyses were
recited to him and he at once designated the waters good or bad
according as the ingredients were below or above the standard just
mentioned.

GEORGE CHANDLER WHIPPLE. —
DIRECT EXAMINATION.

George Chandler Whipple, called as a witness on behalf of the com-
plainant, in qualifying as an expert, stated that he was biologist and
director of the Mount Prospect laboratory of the department of
water supply, gas, and electricity of the city of New York, and that
he had held that position since 1897, except that before the consolida-
tion of New York and Brooklyn he was employed by the city of
Brooklyn. He had graduated from the Massachusetts Institute of
Technology in 1889 in the course of civil engineering, and imme-
diately after graduation was employed on some water-filtration
experiments under Desmond Fitzgerald, superintendent of the Bos-
ton waterworks. In the fall of the same year he was placed i charge
of the newly established biological laboratory of the Boston water
department, with the title of biologist, and was given supervision of
all the water supplies of the city. In connection with this work he
made tests of sewage and water purification plants and tr'vs of inspec-
tion to other water supplies in the State and to the Lawrence experi-
ment station. He made many studies on the growth of organisms in
water, on the temperature of large bodies of water, and on stagnation
phenomena, and assisted in designing the thermaphone, an instru-
ment for obtaining the temperature of water at the bottom of reser-
voirs. In 1896 he spent four months with Prof. Albert R. Leeds in
the study of the Brooklyn water, which at that time was infected
with organisms, causing a bad odor. In 1897 he established the
Mount Prospect laboratory for the city of Brooklyn, the scope of
which was later extended to cover all the water supplies of Greater
New York. In 1903 all the sanitary work of the extersive investi-
gation on an additional water supply for the city of New York was
placed in his hands. He had had considerable private practice and
had carried out in that capacity a number of important investigations
connected with water-supply questions. He is the author of a book
entitled “The Microscopy of Drinking Water” and is engaged in a
work on hygienic analysis and another on water supply. He devised
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the scheme for numerically recording odors in water and also the
silica standard for turbidity. He is a member of the American Society
‘of Civil Engineers, the American Chemical Society, the Asaerican
Microscopical Society, the Society of American Bacteriologists, the
American Public Health Association, the Society of Chemical Indus-
try, and the American Limnological Commission and a fellow of the
Royal Microscopical Society of London. He was at the time of the
testimony secretary of the laboratory section of the American Public
Health Association, and secretary of the committee on standard
methods of water analyses of that section. (1903-1908.)

The witness testified that during the months of October and Novem-
ber, 1901, he had made microscopical examinations of 136 semples of
water collected from various stations on Lake Michigan, the drainage
canal, Illinois River and its tributaries, and Mississippi and Missouri
rivers, with the object of determining the number and character
of the microscopic organisms present. In certain of these samples
he also made determinations of the turbidity and the color. Mr.
Whipple described microscopic organisms as ‘‘those minute forms
of life which are too small to be readily identified without the use of
a microscope, but which are large enough so that they do not need to
be studied by artificial cultures as we study bacteria.” The witness
stated it as his opinion that in the transit from the point of collection
to the laboratory at Brooklyn certain of the forms present riight die
out, others might increase somewhat, and still others would remain
practically unchanged in numbers. (1909-1911.)

The witness then put in evidence fifteen sheets showing the results
of his examinations. (See Table 9, p. 29.) After descr’bing in
some detail the organisms found in the various waters he directed
special attention to the diatoms. He stated that owing to the char-
acter of the diatom skeleton, which is of silica and practically inde-
structible, this organism was more likely than other microscopic
organisms to be identified after the trip from Lake Michigan through
the drainage canal and Desplaines and Illinois rivers to the 't. Louis
intake. (1911-1922))

The following testimony is especially important:

Q. Are you able or not to say from your examinations and your knowledge upon this
subject whether any particular species of these diatoms or micro-organisms came from
Lake Michigan or not?

A. There were certain diatoms found during my examinations which appeared to
be characteristic of Lake Michigan and Lake Michigan alone—I would like to change
that—Lake Michigan and nowhere else excepting the streams below to which the water
from Lake Michigan has access.

Q. Can you say whether or not any of the micro-organisms which were peculiar to
Lake Michigan were found in the Mississippi River at the intake? And, if so, state
which ones they were and how they got there.
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A. There was an organism which I will describe as Synedra pulckella variety sub-
prolongata which was found at the intake of the waterworks at the Chsin of Rocks, and
which was found also in the water of Lake Michigan, but which was not found in the
water of the Missouri River or the water of the upper Mississippi River, or in any of
the tributaries of the Illinois River unless we consider the Chicago drainage canal as
being a tributary. (1924.)

The summary of the counts of this class of organisris appears in
Table 38.  (1925.)

TABLE 38.— Average results of examinations for microscopic organisms in samples taken
at destgnated points.

[Number per cubic centimeters.] -
. Tabel- " Cyclo- | Asterio- | Stepha-
Source of sum'plew Synedra. laria. Melosira. tella. nella. nod?scus.
Lake Michigan. ... ..................... 577 236 13 38 25 8
Drainage canal at Lockport et 270 236 13 30 22 2
Desplaines River at Lockport....._.. R 2 2 1 264 13 9
All other tributaries of Illinois River..... 17 3 2 709 13 1
Illinois River above Peoria........ - 126 62 8 48 10 3
Illinois River at Beardstown............ 95 19 0 784 31 0
Illinois River at Grafton................. 90 46 8 4,468 41 3
Mississippi River at Grafton . 1 0 2,400 1,372 569 307
Mississippi River at Alton............... 19 16 1,741 2,534 124 174
Missourn River at Fort Bellefontaine . ... 5 0 22 16 0
Mississsigpi River at Chain of Rocks, Illi-
noisshore......... . .. ............o.. 51 21 1,380 1,957 396 192
Intake tower, Chain of Rocks._........... 16 0 403 443 40 93
Settling basin, St. Louis. ................ 0 12 0 256 68 10

Referring to this table, witness stated his belief that the 16 Synedra
found at the St. Louis intake came not from the Mississippi nor the
Missouri, but from Illinoeis River, and that since there wer= 577 Synedra
in Lake Michigan and all the tributaries of the Illinois together except
Desplaines River gave only 17 Synedra, the Synedra at the intake
came from Lake Michigan by the drainage canal and Desplaines River.
Similarly he concluded that the T'abellaria found in the settling basin
came mainly from the lake rather than from any other source; that
the Melosira found at the intake came not from Illinois River nor from
Lake Michigan, but from Mississippi River above Grafton; that the
Cyclotella came chiefly from Mississippi and Illinois rivers and only
to a slight extent from the lake; that the Asterionella came in the
main from the Mississippi; and that the Stephanodiscus came mainly
from the Mississippi above Grafton. (1926-1929.)

Mr. Whipple then introduced five charts (complainant’s Exhibit
No. 47, pls. 1-5) showing diagrammatically the figures given in
Table 38, and discussed the variations noted. (1930-1934.)

Two diagrams were then introduced, one showing the results of an
examination of samples from twelve points in a cross section of Miss-
issippi River above Alton and the other the results of a similar exami-
nation of eleven samples on a cross section of the Mississippi about 1
mile above Chain of Rocks. Besides the numbers of the microscopic
organisms in these samples the witness determined also the color and
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the turbidity. He made a calculation from the relative numbers of
Melosira, Cyclotella, Asterionella, and Stephanodiscus present in the
Missouri River water at Fort Bellefontaine, the Mississippi River
water at Alton, and the water at the intake of the St. Louis water-
works to determine the relative amounts of Missouri River water and
Mississippi River water (including Illinois River water) enter'ng the
intake, estimating the proportions as 68 per cent of Missouri water and
32 per cent of Mississippi water. (1934-1941.)

Mr. Whipple described Mississippi River in respect to the direction
of its banks and the curves of the river between the mouth of the
Missouri and Chain of Rocks. He stated that the curves were of such
a nature that they would tend to allow or increase or would be favor-
able to the mixture of the waters which came down Mississippi and
Missouri rivers. In his opinion, if the figures introduced in evidence
concerning the total solids in Missouri and Mississippi river waters
(Table 20, p. 63) are reliable, then the calculations based on them
to show the percentages of the waters of the two rivers entering the
intake are also reliable. He stated that the total solids were the
most accurate analytical determinations to use in such a calculation,
because the two streams in question differ most widely in that respect.
Chlorine, alkalinity, and color may also be used for the same prpose.
(1978-1989.)

If only the cities on the drainage area of Mississippi River above St.
Louis having 25,000 population or more are considered, the addition of
Chicago doubles the population contributing sewage to the river, while
if all communities having a population of 4,000 or more are con-idered
the addition of Chicago increases the total contributing population
by 63 per cent. The limit of 4,000 is the one commonly used by sani-
tarians in considering the population contributing pollution to a given
drainage area, and it is assumed that the small amount of pollution
from towns not included in the estimate is balanced by an equal
amount from inhabitants of the communities included who are not
connected with sewerage systems. (1989-1991.)

From complainant’s Exhibit No. 1, already in evidence, the witness
had calculated certain average analytical figures, as follows: Daily
samples from October 30 to November 29, 1901, collected at five
points in a cross section of Mississippi River at Alton, gave the everage
figures shown in Table 39 for nitrites and chlorine. Station A was at
the Missouri shore, station E at the Illinois shore, and the other sta-
tions were intermediate. (1992.)
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TABLE 39.—A1)er&ges of mitrites and chlorine win Mississippi River at Alton, October 30 to
November 29, 1901.

[Parts per million.]

Station. Nitrites. ‘ Chlorine. Station. ’ Nitrites. | Chlorine.
A 0.002 5.2 Do 0.0105 9.7
B i 005 6.8 || B 0115 10.0
[ .009 8.7

Similar samples for the same period from five points in a cross sec- -
tion of Mississippi River at Hartford gave the average results shown
in Table 40. (1993.) -

TasLE 40..~Averwges of mitrites and chlorine in Mississippi River at Hartford, October 30
to November 29, 9101.

[Parts per million.]

Station. Nitrites. | Chlorine. Station. f Nitrites. | Chlorine.
0.006 6.8 || Do 0.009 8.8
.006 T B i .010 9.1

.008 8.0

From these figures, together with similar averages from Mississippi
River at Grafton and Illinois River at Grafton (the latter two series
of averages not being offered in evidence), the witness calculated the
percentage of Illinois River water at the five points ir each cross sec-
tion, as shown in Table 41. (1993-1994.)

TaBLE 41.—Percentage of Illinois River water in Mississippt River at Alton and at Hart-
ford, October 30 to November 29, 1901.

Station. Alton. | Hartford. | Station. Alton. | Hartford.
|
Al 7.8 17.17 | Do 35.4 29.8
Bl 7.7 19.5 O 37.2 31.7
G 29.3 25.0

The longevity of the typhoid bacillus in natural weters was stated
by the witness to be several months, though the numbers would grad-
ually decrease. On the assumption that the Chicago sewage reached
the St. Louis intake in ten and one-half days, he stated as his opinion
that if typhoid organisms were present in the Chicago sewage a part
of them would survive the passage to the intake, and that in times of
flood, when the journey from the lake to St. Louis is made in eight
days, a greater proportion of such germs would survive. He cited
epidemics at Detroit and Lawrence, in both of whicl the organisms
had persisted in the water for a period of over ten and one-half days.
On the assumption of an increased typhoid death rete in St. Louis
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since the opening of the drainage canal and of a normal amount of the
disease on the drainage basin of Mississippi River above the city, and
the further assumption that the source of the St. Louis water supply
had remained unchanged during the time considered, the witness
stated that, in his opinion, the increase in the typhoid death rate in
St. Louis was most probably due to the discharge of the Chicago sew-
age into Mississippi River. (1996-2002.)

On the assumption that large numbers of Bacillus prodigiosus were
placed in the waters of the drainage canal at Lemont and that the
same organism was found in the city water of St. Louis after tl-o lapse
of a proper time, the witness believed that the organisms at St. Louis
originated in those placed in the canal. He stated that the longevity
of B. typhosus and B. prodigiosus was, so far as his experience enabled
him to judge, about the same. He further believed that if, since the
opening of the drainage canal, a larger amount of the Chicago sewage
has reached Mississippi River than formerly, the water of tle river
has become less valuable as a source of domestic supply. (2002-2009.)

CROSS-EXAMINATION.

On cross-examination Mr. Whipple stated that the best way to
determine the presence of sewage in water is to actually find out
whether or not sewage enters the water. In the absence of this infor-
mation analytical results will supply the information in sore cases
only. If the water is grossly polluted, analyses will show the presence
of the contaminating matter, but if it is only slightly polluted the
presence of such matter can not be determined in this way. There
are no qualities of water which, taken alone, would enable the witness
to determine possible pollution, but among the qualities which he
would naturally consider in forming an opinion would be the amount
of organic matter as shown by the determination of nitrogen 25 albu-
minoid ammonia, free ammonia, nitrites, and nitrates, together with
the amount of chlorine, the hardness, the total and suspended solids,
and the color; also the number of bacteria in the water and the pres-
ence of particular species of bacteria, such as Bacillus coli communis.
The witness stated that he would further take into consideration the
possible presence of certain microscopic organisms commonly asso-
ciated with sewage. It is not always necessary to make all the deter-
minations above noted. With respect to certain of the determina-
tions, the witness stated that there is no such substance as *“albumi-
notd ammonia,” this being merely a form of expression used in
describing the amount of organic matter present. ‘‘Free ammonia’
is used in a similar manner, and it is taken to mean that the water con-
tains ammonium compounds that on boiling are broken up so that the

IRR 194—07T—7 .
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ammonia is driven off.  Neither of the two terms is the name of a sub-
stance actually existing in the water, but they stand for substances.
(2051-2061.)

With reference to the significance of the presence of Bacillus coli
communis, the witness said that he could not state definitely that it
indicates sewage origin. It is believed by many scientists that this
organism may be found in waters where pollution is remote. It isa
common inhabitant of the human intestine and is present in large num-
bers in ordinary sewage. As it is abundant in waters known to be
polluted and occurs only in small numbers or is entirely absent in
waters presumably not polluted, most bacteriologists agree that the
test for the presence of this organism is highly important in determin-
ing the presence of pollution. If the organism is constantly or very
often present in a water it is probably an indication of sewage con-
tamination. In the opinion of the witness, however, it is not an abso-
lute test, but a valuable one, to be interpreted in connection with the
remainder of the analysis. Even though tnis bacillus might be found
in the intestines of fish, it would not, in his judgment, materially
influence the interpretation to be made from the re-ults of the coli
test, because it had been his observation that fishes’ intestines do not
ordinarily contain this bacillus, and if it is present there it is probably
derived from the water in which the fish is living. (2075-2077.)

‘Referring to micro-organisms, the witness stated that he did not
know of any that absolutely demonstrate the presencs of sewage, but
there are certain organisms which are so often associated with sewage
that in a very general way they do serve as an index of its presence.
However, it could not be asserted that a stream was sewage polluted
merely because these organisms were found there. (2078.)

The witness could not state definitely the number of typhoid germs
discharged by one patient, but as a general statement it was true that
the number is enormous. Under certain conditions this number
would be sufficient to create an epidemic if they were turned into
water used for a city supply, but many factors would be involved,
among which are the original vitality of the organiems, the rate at

“which they might die out in water, the relation of the number of organ-
isms to the amount of water that they enter, the amount of sedimenta~-
tion that might occur between the time at which they infected the
water, and the time at which they entered the city intake, the influ-
ence of certain microscopic organisms, and the possible influence of
sunlight. He knew of no scientist who had actually demonstrated
how long the bacillus of typhoid will live in the sewage-contaminated
water of a stream, but some men have arrived at certain conclusions
by way of laboratory experiments. According to the results of such
experiments, the time may be stated as varying from some weeks to
some months. (2080-2082.)
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The witness stated that he knew of some investigators who had
claimed to have discovered the typhoid germ in river water, but was
unable to state whether the claim was substantiated. In ths earlier
days of bacteriology, when species were not so carefully studied as they
are to-day, certain results were obtained and published by bacteriolo-
gists that would hardly be credited in the present state of the science.
(2082.)

The effect of dilution was then discussed by the witness, who stated
that if a certain number of typhoid baecilli were put into different
amounts of water and thoroughly mixed, the larger quantity of water
would contain the fewer bacteria per unit volume. This statement,
however, assumed a uniform distribution of the bacilli throughout the
water, which he did not regard as a condition that would be likely to
exist., Usually when bacilli are discharged into water, many of them
are clustered together and held in that condition by some force or sub-
stance, while on the other hand some of them are widely distributed
throughout the water; but the conditions are not such as woild allow
the dangerous qualities of typhoid-polluted water with different
degrees of dilution to be fairly compared. (2083-2084.)

Referring to the speed of current necessary to permit sedimentation,
the witness stated that if the velocity is reduced to about half a foot
per second, sedimentation of suspended matter of a certain character
might oceur. If the suspended matter were coarser it would settle in
a current of greater velocity, but he could imagine such matter so fine
that it would not settle even if the velocity were only a quarter of a
foot per second. The knowledge of the subject had not reached a
point where any strict rule eould be given. The whole matter of sedi-
mentation depends on the character of the suspended metter, the
temperature, and other conditions, as well as the velocity of flow.
Experiments have been made on the subject, but not in sufficient
mumber to warrant the formulation of a precisestatement. (2088-2089.)

It was the opinion of the witness, from what he knew of the existing
conditions on the drainage area of Missouri River and from the fact
that there are salt deposits in the drainage area of Kaw River, that the
amount of chlorine found in Missouri River at Fort Bellefontaine can
not be used as an index of pollution, although part of it may have been
derived from sewage pollution, because the effect of the chlorine from
the salt deposits would interfere with interpretations relating to sew-
age pollution alone. (2090-2091.)

With reference to the rdle played by microscopic organisms in the
purification of waters, the witness stated that there was practically
no knowledge on the subject. These organisms might perhaps exert
some influence on bacteria, but the information was not very definite.
(2101.)
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The cross-examiner then referred to the testimony of the witness in
which he expressed the opinion that the Synedra pulchella variety sub-
prolongata found in the water of Illinois and Mississippi rivers was
probably derived from Lake Michigan, and endeavored to draw from
him a statement as to his reasons for this opinion. The witness ad-
mitted that this organism could exist in the ponds and lakes along the
lower reaches of Illinois River. The following question and answer
are given substantially as they appear in the record:

Q. Assume that the relative amount of water now discharged from the drainage
canal into Illinois River is greater than that naturally flowing in that river, and further
assume that the number of Synedra and Tabellaria per cubic centimeter in the waters of
Lake Michigan and in the waters of the Illinois River lakes and tributary streams are
cxactly equal; that in all physical respects the organisms from bhoth sources have equal
vitality when they start from their habitat on a journey to the St. Louis intake; that the
ones from Lake Michigan have to pass through the drainage canal; and finally, that
these microscopic organisms are found in the water at the St. Louis intake. Elimina-
ting all other considerations than those ahove mentioned, to which source would you
prefer to attribute them?

A. If we have a certain volume of water contributed by the tributaries of Ilhnow
River and the assumed lakes which contain a certain number of these organisms, and
if we have a greater volume of water through the Chicago drainage canal which contains
per cubic centimeter an equal number of these organisms, and assuming a thorough
mixing of the waters from both sources, it would be my judgment tlat these organisms
would come from both sources, but that more of them would come frcm the water which
was greatest in volume, provided the two waters contain an equal number per cubic
centimeter. The fact that the organisms from Lake Michigan had traveled through
24 miles of sewage would be of no practical significance. (2104-2106.)

The witness stated that if bacilli naturally inhabiting running water
should be removed, developed by special culture, put in bottles of
sterilized water, and hung out in the sun, the determination of their
longevity under such conditions would not enable us to tell how long
they would live in natural water or give any definite information on
that point, altheugh it might guide in an opinion as to how long they
might live. (2111-2112.)

With reference to the longevity of Bacillus prodigiosus, it was the
opinion of the witness that if a stream were infected with a large
culture the numbers of the bacteria would probably decrease, but
just how rapidly he was not prepared to say. If a 40-gallon barrel
full of Bacillus prodigiosus culture were dumped into Illinois River at
or near its mouth in August, 1900, and if in November of the follow-
ing year 107 barrels full of the same culture were discharged into the
drainage canal near Lockport, and after this latter discharge a colony
of these bacilli were found at the intake of the St. Louis waterworks
and another at some point in the distribution system of the city, the
witness would naturally assume it to be more reasonable to consider
that these colonies were derived from the second discharge, if they
came from either, because during the interval betweer August, 1900,
and November, 1901, all of the water in Illinois end Mississippi
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rivers between the point where the first dose was added and the
intake of the St. Louis waterworks would have passed downstream,
and many, if not all, of the bacilli would have died in that time.
Therefore it was not likely that the B. prodigiosus found in £'t. Louis
in 1901 were derived from the culture discharged into Illinois River
in August, 1900. (2112-2114.)

The importance to be attached to the numerical results of a single
bacteriological examination of water was discussed by the witness,
who stated that if the number of bacteria was extremely low it might
indicate a comparatively good sanitary condition; if extremely high
it might indicate the reverse, but if the number was intermediate no
conclusions could be drawn from that alone. In order to oltain the
most accurate result the bacteriological examination of & sample
should be begun immediately after its collection, though the charac-
ter of the water would to a considerable extent determine this point.
A water containing comparatively little food for bacteria might be
allowed to stand longer before the bacteriological examination than a
water rich in organic matter, and the result of the examination would
not be seriously affected. (2120-2122.)

The witness expressed the opinion that investigators had not ascer-
tained by any experiments the probable duration of pathogenic
germs, such as the typhoid-fever bacillus, in running water. In gen-
eral, experiments such as had been made under laboratory conditions
would be less favorable to such bacteria than natural conditions. Of
course, it must be considered that circumstances alter cases, but in
very general terms he believed this statement to be true. He was
referred by the cross-examiner to page 294 of a work entitled ‘“Micro-
organisms in water,” by Percy and G. C. Frankland, in which the
results of experiments made by Krans with unsterilized waters were
cited. On this page the statement was made that the typhoid bacilli
had disappeared or were no longer demonstrable when the water
bacteria became active. The witness stated that he was of the
opinion that no such assertion could be warranted, because the iden-
tification of the typhoid bacillus in the presence of common water
bacteria is extremely difficult and in most instances impossible. The
details of the report were then enumerated, namely, that the water,
taken from the Munich supply, contained on the first day 57,960
typhoid bacilli; on the second day, 50,400; on the third day, 15,680;
on the fifth day, 9,000, and on the seventh day none, while there were
no ordinary water bacteria on the first, second, and third days, 80 on
the fifth day, 288,000 on the seventh day, 400,000 on the ninth day,
and 970,000 on the twentieth day. In regard to these results, the
witness stated that it was no wonder that the investigator did not
find the typhoid bacilli in the samples at the end of the seventh, ninth,
or tenth days, because he believed it a bacteriological impossibility to
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demonstrate the presence of typhoid germs under such circumstances,
and he would question whether the results obtained would actually
stand the test of present-day methods. The subject has been very
carefully considered, and the poverty of the results shows the difficul-
ties encountered. (2131-2133.)

The cross-examiner then cited two series of results given in the
work above mentioned. The first referred to the river Spree. The
water of this river passes through Berlin and receives tl e city sewage.
A few miles below Berlin the river widens into a fairly quiescent
body of water known as Havre Lake. The results show that the
water leaving Havre Lake had become purified from the effects of
Berlin sewage to such an extent that its condition, as shown by the
analytical results, was practically the same as above Berlin. The
second case was that of the river Limmat, flowing out of Lake Zurich.
The number of micro-organisms in the water as it leaves the lake
varies from 100 to 200 per cubic centimeter. This number is increased
enormously by the inflow of sewage from the city of Zurich; but at a
point about 6 miles below, the bacterial condition approaches that of
the water as it leaves the lake. The cross-examiner then asked
whether, in view of these two instances, on the assumption that the
conditions are truly stated, it was not highly probable that the water
of Illinois River above Peoria, a distance of over 100 miles from
Chicago, would have attained a bacteriological condition similar to
that which it had before it received the Chicago sewage. The wit-
ness stated that the results cited would not be of any material value
in estimating what the bacteriological conditions would be at Peoria,
but that the experiments made seemed to be in line with what is
generally known in regard to the decrease in the total number of
bacteria in streams below points at which pollution is introduced.
It is quite conceivable that the conditions in Illinois River between
the Chicago drainage canal and Peoria are such that the total number
of bacteria at the latter point might be as low or even lower than in
the water of Lake Michigan; but in taking this into consideration the
character of the bacteria at Peoria must be considered. The proba-
bility is that pathogenic germs would decrease in transit, as well as
the water bacteria; but whether they would decrease in exactly the
same proportion the witness was not able to state. It is conceivable
that there might be a greater decrease in the pathogenic germs than
in the ordinary water bacteria, but that would depend on the char-
acter of the water bacteria and the conditions of the water. It
should be remembered that even the water bacteria are not at all
times multiplying. They are sometimes dying, and certain forms of
the water bacteria might die at even a greater rate then the typhoid
bacilli under such conditions. If we neglect all other considerations,
such as sedimentation, etc., and consider only the fact that typhoid
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bacilli do not multiply in water, while water bacteria will multiply
under the conditions presumed, it is not probable that the typhoid
bacilli would remain alive in water as long as the water bacilli; but
in practice, it would not do to neglect all other considerations in study-
ing a problem of this character. (2133-2138.)

The witness then stated that the reason why cities having & popu-~
lation of 4,000 or over were often considered in estimates as having a
polluting influence on the water of a river, while those of a‘smaller
population were not so considered, was that this limit furnishes, on
the whole, a better means of comparing the effect of human life on
different drainage areas than to take the total population. The
reason for this was that throughout the country, communities of 4,000
population or over are more commonly provided with a public water
supply than those having less than 4,000. The witness admitted
that this is an arbitrary distinction, but claimed that, taken roadly
all over the country, it is a fair one. It is true that rural pollution
may be washed from barnyards and feeding pens by rains into a
river, but such added pollution has no real effect, because there is at
the same time an enormous dilution, so that the result may not be
different from that which would occur under normal conditions with
a constant pollution of the stream by a sewer, for example. (2145-
2147.)

ALLEN HAZEN.

DIRECT EXAMINATION.

Allen Hazen was called as a witness in behalf of the complainant.
In qualifying as an expert on water supplies, Mr. Hazen stated that
. he was educa.ed at the public schools of Hartford, Vt., at tle New
Hampshire State College, the Thayer School of Civil Engireering,
Hanover, N. H., and at the Massachusetts Institute of Technology,
and later, for one term, at the technical school in Dresden, Germany.
He further testified that he had made a special study of the chemistry
of water supplies; that for a number of years he was in direct charge
of the experiment station of the Massachusetts State board of health
at Lawrence, with the title of chemist; that he had twice visited
Europe and studied the water supplies and sewerage systems of most
of the large cities there; that he was in charge of the sewage-c'isposal
plants and the inspection of drinking waters at the world’s fair at
Chicago at 1893; and that he was at one time a member of the firm of
Noyes & Hazen, of Boston, who gave special attention to water supply
and sewerage problems. He advised the city of Albany, N. Y., on
the subject of its water supply and later superintended the construc-
tion of sand filters there; was then building a filter for the city of
Ithaca, N. Y., and had been engaged in similar work for Harrisburg,
Pittsburg, Chester, and Lancaster, Pa.; West Superior, Wis.; Water-
town and Yonkers, N. Y.; Providence, R. I.; Washington, D. C.;
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Trenton, N. J.; Toledo, Ohio; Grand Rapids, Mich., and Millbury,
Mass.; and for a few years acted as consulting engineer for the Ohio
State board of health. In 1891 the witness visited Chicago and ex-
amined its waterworks and sewerage systems, becoming generally
familiar with the conditions existing at the time. n 1892 he pub-
lished jointly with Professor Sedgwick a paper on the water supply
and  typhoid fever in Chicago. In 1893, with Doctor Reynolds,
health commissioner of Chicago, he wrote a joint paper on the water
supply of Chicago, which was read before the Americen Public Health
Association. The following year he wrote a report on the drinking
water used at Jackson Park during the world’s fair. He was a mem-
ber of the commission appointed in 1901, consisting besides himself
of Messrs. Williams and Wisner, to report on an improved water
supply for St. Louis. He then examined thoroughl:r the water sys-
tem of the city and the whole drainage area. (2789-2798.)

The witness stated that he believed that the qualit;” of the water at
the St. Louis intake was seriously damaged by the sewage of Chicago,
and based this view on the facts that the amount of sewage entering
the watercourses above the intake has been nearly doubled by this
discharge; that the distance between Chicago and St. Louis is very
considerably less than the average distance of the other points of
pollution from the St. Louis intake; that the mixing of the waters in
the channel of the Mississippi is such that the amount of sewage
received at the intake is a large percentage of what it would be if the
mixing were complete; and that the time of passage from the point
of pollution to the intake is not sufficient to allow the complete
destruction of the injurious and polluting matters discharged. In
view of these facts the witness believed that the discharge of the sew-
age of Chicago into Mississippi River by way of the drainage canal,
Desplaines River, and Illinois River “seriously injures the quality
of the water.” (2799-2802.) :

CROSS-EXAMINATION.

The witness gave evidence of thorough familiarity with the water-
supply system of the city of St. Louis and the conditions of the Illi-
nois, Mississippi, and Missouri river basins above the intake, with
reference to their population, the pollution of the rivers, and the degree
of mixing which takes place, such familiarity arising from his work
as commissioner in 1901. In connection with this work he had exam-
ined the waterworks plants at Kansas City, St. Joseph, and Omaha,
on Missouri River, and taken into consideration the discharge of
sewage into the stream from these cities. He finally stated that he
did not consider Mississippi River at Chain of Rocks a fit source of
supply nor would the water be safe for drinking even though the
pollution brought in by the Illinois were eliminated. The cities
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lying along Missouri and Mississippi rivers above St. Louis discharge
sufficient polluting material to render the use of the water vithout
previous purification dangerous. (2809-2813).

In explanation of the comparative statements concerning the safety
of water which he had made, the witness said that some waters are so
polluted that they cause the death of more than one person per thou-
sand per annum from typhoid fever; in fact, sometimes as many as
four or five persons; such water is extremely bad, and probably as
bad as is used anywhere in the United States. Waters that are less
polluted than this produce smaller amounts of sickness and death.
It is difficult to draw the line absolutely and it may be a question
whether even the best waters are absolutely free from suspicion of
causing typhoid. But when a water causes so little sickness that it
can not be traced and measured, it is classed as a good water, so that
the various degrees of acceptability are merely relative, depending on
the effect of the water on the persons using it habitually as a beverage;
no sharp line of demarkation can be drawn. (2814.)

The witness stated that the diversion of Chicago sewage from the
lake and into the drainage canal would undoubtedly greatly improve
the Chicago water supply, but that he was of the opinion that it
would not render it absolutely safe, because the shipping. is a source
of considerable pollution. The matter discharged from vessels enter-
ing and leaving Chicago is undoubtedly a menace to the purit;” of the
water supply, but just how important a menace the witness was not
prepared to say. (2817-2819.)

The dilution of Chicago sewage by the large influx of Lake Michi-
gan water, ‘according to the witness, would not mitigate the danger
to St. Louis. Such dilution would have some effect on the sewage,
but its effect on the specific germs of disease would be doubtful, and
these germs, after all, are the real sources of danger. In discussing
the various factors in the self-purification of streams, the witness
stated that sedimentation is a mere transference of some of the
polluting matters from the moving water to the bottom of the stream.
He would not call that purification, because such sewage matter is
liable to be taken up again and transported. If the water alone is
considered it is purification, but in a broad view of the whole subject
it is not. (2824-2825.) (

The witness stated that no definite length of time could be set
during which it would be necessary for such sewage to lie upon the
bottom of a stream in order to become noninjurious, but that in the
Millbury case he was confronted by the proposition, backed up by
eminent experts, that the trouble was due to sewage mud which had
been deposited several years previously. (2827.)

With reference to the function of analytical work in showing the
potability of water, the witness stated that chemical analyses never
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show infection: they can only show pollution, from which infection
can sometimes be inferred. The bacteriological examination may
possibly show the presence of infectious matter, but tle difficulty of
finding it, even when it is known to be present, is so great that it is
very seldom found. (2837.) -

The witness was then questioned concerning the relative importance
of cases and of deaths as an index of the amount of typhoid fever
present, replying that if, as stated, the number of deaths from typhoid
fever at St. Louis were 168 in 1900, 198 in 1901, and 222 in 1902, and
the total number of cases reported were for the same years 1,213,
1,101, and 1,112, respectively, he would give greater weight to the
deaths than to the cases in considering the amount of typhoid in the
city. He believed that under the conditions prevailing in American
cities the number of deaths from typhoid is a more accurate measure
of the typhoid than the number of cases, because the deaths are
more accurately and carefully reported. The above record, if true,
would indicate that the disease was occurring with greater severity,
and this might reasonably be called an increase in the typhoid con-
dition. (2838-2841.)

In answer to questions as to the amount of mixing which occurs
at the junction of the Missouri and the Mississippi, Mr. Hazen stated
that from analyses which he had seen it was his belief that the water
received at the St. Louis intake contained 30 per cent of Mississippi
River water. He could not state how much of this water came from
the Illinois, but was of the opinion that the mixing of the Illinois and
the Mississippi waters was, owing to the nature of the channel, fairly
complete. (2844-2847.)

WILLIAM THOMPSON SEDGWICK.
DIRECT EXAMINATION.

William Thompson Sedgwick, called as a witness on behalf of the
complainant, qualified as an expert by stating that he graduated at
Sheffield Scientific School, Yale University, in 1877; studied for the
greater part of two years at Yale Medical School; taught physio-
logical chemistry at Yale for one year, and then became fellow, assist-
ant, and associate at Johns Hopkins University; since 1883 had been
assistant professor, associate professor, and professor in the Mas-
sachusetts Institute of Technology; received the degree of doctor of
philosophy at Johns Hopkins in 1881; served as biologist to the State
board of health of Massachusetts from 1888 to 1896; is a member of
the American Academy of Arts and Seiences, Massachusetts Asso-
ciation of Boards of Health, New England Waterworks Association,
Society of American Bacteriologists, American Society of Naturalists,
American Public Health Association, and of the advicory board of



TESTIMONY OF WILLIAM T. SEDGWICK. 107

the hygienic laboratory of the United States Public Health and
Marine-Hospital Service; past president of the American Society of
Naturalists and of the Society of American Bacteriologists; hes been
employed by various cities and towns as an expert in water supply
and sewage disposal, especially by Burlington, Vt., Pittsburg, Pa.,
and Lowell, Mass.; is the author of a text-book on general hiology
and of a treatise on the principles of sanitary science and the public
health; has made numerous reports and investigations of epidemics
of typhoid fever for the State board of health of Massachusetts and a
report on typhoid fever in Pittsburg in 1898; has published numer-
ous papers on water supply, water purification, and sewage purifica-
tion; and in 1892, in collaboration with Allen Hazen, publizhed a
paper on typhoid fever in Chicago. (2184-2185.)

The witness then made certain general statements concerning the
Chicago water supply and methods of sewage disposal, and stated
that he was familiar with conditions prevailing in the Illinois River
basin along the Mississippi above St. Louis and in general through-
out the drainage basin of Missouri River. He defined ordinary pol-
lution as a condition in which the water contains organic matter, or
even filth, from whatever source and in whatever degree of putre-
faction, without the presence of the specific germs of any disease;
the term infectious polution refers to water containing germs of dis-
ease, without reference to the amount of putrescible organic matter
or any physical condition whatever. A water polluted with organic
wastes, however bad it may appear, is not, in general, dangerous to
public health if it does not contain the specific germs of a water-borne
disease; on the other hand, a water that is perfectly clear and eccept-
able from a physical standpoint may be dangerous to public health
by reason of the presence of disease germs. (2187-2190.)-

Mere dilution does not destroy or eliminate infectious pollution.
Under dilution alone, the sewage turned into Ilinois River from the
sanitary district of Chicago would not be rendered safe and pure by
the time it reached Peoria. In this whole matter of self-purification
of streams the ideas of to-day are very different from those of twenty
or thirty years ago. Running water under some conditions might
purify itself from infectious germs, but those conditions would be so
unusual as to be virtually theoretical. Experts have abandoned the
old belief that running water readily purifies itself. Acting on that
belief, which was the result of the best knowledge available twenty or
thirty years ago, numerous cities and towns of the United States
installed waterworks with intakes in streams into which sewage had
been poured at points above. That was the best art of the time, and
engineers, chemists, and sanitarians agreed about it. The city of
Pittsburg, for example, introduced a water supply from Allecheny
River with the confident belief that such sewage as might find its way
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into that river at points above would be effectually removed before
the water came to the citizens. That belief has been found to be
erroneous. Pittsburg suffers to-day with {yphoid fever perhaps more
than any other city of the United States. The cities on the lakes—
Niagara Falls, Buffalo, Cleveland, Detroit, Chicagn, Milwaukee,
Duluth—take water supplies exposed to contamination by sewage,
and are to-day, one after another, considering at any rate the possi-
bility of abandoning such supplies, because of the failure of the self-
purification of sewage. Nevertheless, there is a large measure of
" self-purification of streams. The subject is compler and difficult,
and the tendency of opinion has been to increase distrust in the
efficiency of self-purification of water or sewage. (2191-2192.)

In reply to specific questions concerning the effect of the discharge
of Chicago sewage from the drainage canal, the witness stated that
such discharge at once throws suspicion on the character of the water
in Illinois River and undoubtedly affects the entirs wa’er-supply
value of the stream and that of the Mississippi at the St. Louis water-
works, rendering the water dangerous for drinking pur~oses and more
liable to carry germs of typhoid fever. (2193-2195.)

The addition to the flow of Illinois River of the water from the Chi-
cago drainage canal, equivalent to about five-sixths of the minimum
flow of said river, will quicken the flow in the channel and thereby
hinder effective sedimentation by shortening the time required for
infectious germs to pass through the river, and, by interfering with
their detention, will aggravate the danger of their arrival at the mouth
of the river. The witness laid especial stress on the statement that
any factor which results in quickening the flow of tl'e stream is of
grave importance. The time, more than the distance, is the basis of
self-purification in streams. Other things being equal, the rate of
sedimentation is quicker in a turbid water than in a clear water. An
addition of clear water, like that from Lake Michigan, to the water of
Ilinois River will serve to retard sedimentation. Therefore these two
factors—namely, the quickening of stream flow by the addition of a
large quantity of water and the partial clarification of the river due to
the fact that this water added from Lake Michigan is clear—undoubt-
edly have the effect of increasing typhoid fever in St. Louis. (2195-
2196.)

The witness stated that the matter deposited in the b~d of a running
stream may lie there for some time or may be swept out by an increase
in the velocity of the stream. In case it is allowed to r:main for some
time, it may be more or less modified by chemical and becterial action.
If it is swept from the bottom of the stream by an increase in the veloc-
ity, it may be redeposited at lower points or pass into some other body
of water. In regard to the longevity of typhoid as a general proposi-
tion in connection with sewage-polluted water,-to speak broadly,
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recent, observations have indicated a greater longevity than wes for-
merly supposed. Practical experience has shown that in a sewage-
polluted stream typhoid germs may live in gradually diminishing num-
bers for weeks or months, or even years. Continuing, the witness
stated that even if the number of colon bacilli, as shown by actual
tesis, was no higher subsequent to the opening of the canal than pre-
viously, it does not indicate that the water is not more dangerous for
drinking purposes. The mere fact that a vast additional population
is contributing sewage to Illinois River must always constitute an
added menace to the health of the persons using the waters of the river
at its mouth or below. Bacteriological examinations are, in the
opinion of the witness, not absolute guides as to the sanitary condi-
tion of water, because they obviously can not be made at every
moment or at all times or at all seasons or hours of the day, and there-
fore there might be intervals between times of sampling when infec-
tious materials would flow by and thus escape analysis, but neverthe-
less would pass on and do harm to the people using the water below.
(2197-2198.)

If typhoid-fever germs coming from Chicago sewage are depnsited
in large numbers in'the lakes and slack-water portions of Illinois River
above Peoria, in event of flood conditions the water leaving these
lakes might contain more infectious and dangerous pollution than the
sewage entering Desplaines River at the Bear Trap dam, becsuse a
large amount of typhoid fever in Chicago might result in the storage
of vast numbers of these germs in the slack-water basins, and a sudden
flood would sweep out this accumulation, so that sometimes more
typhoid-fever germs would be flowing in Illinois River than in the
drainage canal itself. The witness then mentioned the case of the
city of Detroit, where the removal of deposits of sewage matter had
resulted in a typhoid-fever epidemic. The dredging of Black River
at Port Huron caused the carriage of detached sediment down St.
Clair River, through St. Clair Lake, and into the intake of the Detroit
waterworks. (2198-2199.)

Continuing, the witness expressed the opinion that the water of
Illinois River as it enters the Mississippi can not be used with safety
for drinking purposes. Assuming that the only pollution of the Illi-
nois is contributed to it by the Chicago sanitary district, he was
emphatically of the opinion that the effects of time interval, diltion,
and sedimentation between Chicago and Grafton would not be suffi-
cient to render the water as it enters the Mississippi at all times free
from disease-producing elements. In support of this contention he
cited the Lowell epidemic, in which the large body of water in Merri-
mac River was contaminated by a small amount of water in Stony
Brook, and compared the conditions as to volume and size of the
rivers under consideration. (2199-2201.)
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The witness stated that for fifteen years prior to 1900 the typhoid
death rate of St. Louis was not in general greater than that of many
cities provided with purer water supplies. During the period follow-
ing the removal of the water intake from Bissells Point to Chain of
Rocks, the typhoid death rate in the city had been remarkably good—
lower in fact, than the rate for the same period in Boston, which has
a good water supply and a reasonably normal incidence of the disease.

-Since January 1, 1900, there has been a marked annual incxease in the
typhoid rate of St. Louis, which has been higher then at any time in
its own history since 1885, and very much higher than the Boston
rate, with which it previously compared favorably. The increase in
the number of deaths from typhoid fever in St. Louis between January

"1, 1900, and the date of the testimony, over the number of deaths
from the same disease in the previous fifteen years, excluding one
year (1892) in which there was a great epidemic due to the causes
specified in the testimony of Doctor Ravold, has been about 26 per
cent, while the increase since January 1, 1900, in annual mortality
from typhoid over that for the preceding five years, was 73 per cent.
Before 1900 the typhoid death rates of St. Louis and of Boston were
below those of most cities having polluted water supplies. New
York has the lowest death rate from typhoid fever; Boston and St.
Louis ran very closely together until January 1, 1900, since which
time Boston has gone lower and St. Louis increased; Philadelphia
shows a much higher death rate than Boston and St. Louis, while
Chicago has the worst record of all.  (2202-2203.)

Professor Sedgwick referred to the experiment made with 107
barrels of Bacillus prodigiosus culture, which were emptied into the
Chicago drainage canal at Lemont, the germs, as reported, having been
identified in the water entering the St. Louis intake at Chain of Rocks,
and stated that this interesting and valuable experiment seems to
show that typhoid fever or Asiatic cholera germs might pass from the
drainage canal and finally enter the water supply of St. Louis by way
of Illinois and Mississippi rivers. (2204-2205.)

On being questioned with reference to instances in which typhoid-
fever epidemics have been conveyed by surface waters, the witness
gave a brief summary of several prominent cases.

A celebrated and important epidemic oceurred at Plymouth, Pa., in
1885. On the drainage area supplying the town four storage reser-
voirs had been built, and on the bank of the stream which supplied
the uppermost of these reservoirs a case of typhoid fever appeared in
the early spring of 1885. The reservoirs had all been drawn very low
to supply the demands of a continued season of cold weather, and on
the arrival of the spring thaw 1,200 cases of typhoid fever broke out
in this little town of 8,000 inhabitants. These were traced—correctly,
it is believed by sanitarians—to the occurrence of one case of typhoid
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fever on the bank of the uppermost reservoir, followed during the
thaw by the washing in of the dejecta of that patient and, in the low
state of the reservoirs, the rapid transmission of the germs to the
people of the town. (2205-2206.)

In 1890 there was an epidemic at Lowell, Mass., followed very soon
after by a worse one at Lawrence, 9 miles below on the Merrimac.
These were traced to infection which began on Stony Brook, and of
course the Lawrence sickness was caused largely by the typhoid-fever
germs in the sewage of Lowell, the larger city above it.  (2206.)

Two years after, in 1892, the witness investigated a very interesting
epidemic at the mouth of the same river, in Newburyport. The
people of the city supposed that they were drinking spring weter, but
the superintendent of the waterworks had surreptitiously connected
the mains with the Merrimac, and for two or three months the people
were getting, as he himself admitted, Merrimac River water. This
was particularly instructive because for the first two months, say, of this
time there was no typhoid in Newburyport. On going up the river
the witness found the reason to be that although they had been drink-
ing simple filth—good straight sewage—it was apparently uninfected.
Unluckily, however, a little epidemic broke out in Lowell, the result
of which was perfectly obvious in Lawrence, although the water had
to travel 9 miles and pass through a storage reservoir where it had
been detained for at least a week. This infected water reached New-
buryport, at a distance of 20 or 30 miles, and it was one of the saddest
cases ever investigated, because the people supposed that they were
drinking spring water, while they were in fact drinking infected
sewage. (2206-2207.)

The rivers pollution commission of Great Britain, in a report pub-
lished in 1874, states that there is no river in the United Kingdom
long enough to purify itself from any sewage admitted to it even at its
source. That stands as one of the axioms of sanitary science to-day.
(2207.) :

In 1898 the witness made a special study of typhoid fever in Pitts-
burg. Acting on the advice of one of the most eminent eng‘neers of
the time, the city had introduced a water supply drawn mainly from
Allegheny River and partly from the Monongahela. The important
points of pollution lie at considerable distances above Pittsburg, but

as the Allegheny is a swift stream the infectious material is borne
~ down in a comparatively fresh state. As a result of the study, a
filtration plant was recommended for the Pittsburg water supply. for
the reason that infectious materials might be brought to the intake
from points as far distant as Oil City 113 miles or more. (2208.)

Another very serious epidemic due to pollution on the drairage area
of a public water supply occurred at New Haven, Conn.,in 1900. The
city gets a part of its water supply from a sparsely inhabited drain-
age basin. The large storage reservoirs had been drawn lovr during
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severe winter weather, and when the spring thaw and heavy rains
came some feces from a house on the basin where there had been a
very few cases of typhoid fever were washed down into one of these res-
ervoirs. 'The result was that the infected water passed quickly to the
city and there were 470 cases of typhoid fever in the spring—not in
the fall, when typhoid in communities generally occurs. (2209.)

The recent epidemic at Ithaca, N. Y., arose from conditions very
similar to those at Plymouth and New Haven.., It was a serious epi-
demic of about 1,000 cases, with a high death rate. (2209-2210.)

The witness then referred to typhoid fever in Chicago and to the
conditions at Detroit, Cleveland, Buffalo, and Niagara Falls. He
had found in Buffalo a prevailing feeling among medical men that the
time was at hand when the city must purify her water because of the
pollution discharged into the lake at Cleveland and higher points.
Niagara Falls was suffering severely from typhoid fever, which the
local physicians believed to be derived from sewage that had run
down Niagara River from Buffalo and higher points. It is a question
whether the people who are using the Great Lakes as a water supply
must not give them up after a while. The growth of opinion is more
and more toward the idea that it will not do to trust to self-purifica-
tion. It used to be thought that running water when it became thor-
oughly aerated was pure, especially if it came from long distances.
That was the theory on which Pittsburg put in its waterworks and
on which Lowell took the obviously sewage-polluted water of the Mer-
rimac and used it for water-supply purposes; but these cities and all
others that have trusted to that theory have been typhoid ridden.
Tt is not to-day so much a question of distance as of time during which
the germs may settle out or die; in other words, it is a matter of qui-
escence. ‘‘You have got to eliminate all idea of distance from these
things and bring in the question of time largely, and that is what T
have stated in my treatise on sanitary science and public health, writ-
- ten two or three years ago. It is nothing that I have got up for this
case; * * * it is a fact that is borne in upon me by long expe-
rience, and I believe that in that respect I stand entirely square with
the sanitarians of the world. At any rate, I hold that opinion my-
self.” (2210-2212.)

An increased amount of infectious pollution has no effect on the
time needed for purification, but the degree of danger is increased.
One microbe coming down from Chicago and resting in the slack
water of the Illinois would certainly die if it lay there long enough;
but if a million came down, the chances are that some might be carried
on by a freshet before they died and the danger would be greatly
enhanced. Other things being equal, the greater the amount of
infection the more serious the danger. (2212.)
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The aeration received by the water flowing over Niagara Falls does
not change the amount of pollution which the river contains. The
late Prof. Albert R. Leeds repeatedly analyzed the water botl above
and below the falls and found it to be in exactly the same condition
in each place. (2212-2213.)

The witness stated that after a careful consideration of the whole
subject, including the typhoid-fever conditions in the sanitery dis-
trict of Chicago, the sewer outfalls, the amount of sewage, and exist-
ing conditions in Desplaines, Illinois, Mississippi, and Missour! rivers,
he believed that beyond a reasonable doubt the principal portion of
the increase of typhoid fever in St. Louis since January 1, 1990, had
been due to the pollution of the water of St. Louis by the Chicago
sewage. The typhoid rate of St. Louis from 1895 to 1899, inclusive,
compared very favorably with the rate in Lowell and Lawrence, Mass.,
after the introduction of pure-water supplies at these two places.
(2213-2215.)

In reply to the question whether or not the Illinois River water con-
taining mixed sewage and canal water from the Chicago sanitary dis-
trict had been rendered less safe since the opening of the drainage
canal than before, the witness testified substantially as follows:

In the first place we must consider the matter of dilution. The
addition of an amount of lake water equal to 5,000 cubic feet per
second at Lockport unquestionably dilutes the Chicago sewege and
Chicago River is clearer and better than it 'was before. At th~ same
time it must be borne in mind that the water thus used for prirposes
of dilution is not the unpolluted water of Lake Michigan. It i drawn
chiefly from the mouth of Chicago River and vicinity and has long
been known to be polluted more or less. The problem then in part
resolves itself into this question: ““Does the dilution of a presimably
infected sewage by a presumably often infected water contribute tothe
purity of Illinois River?” The infectious materials that were for-
merly put into Chicago River are now carried with comparative swift-
ness down the drainage canal and into Desplaines and Illinois rivers.
We have then to consider whether sewage as described, carried quickly
and in considerable volume into Illinois River, does or does not render
that river safer than before. The belief of the witness, based on the
effect of time as a purifying factor, was that it is at least very doubt-
ful whether the pouring of the Chicago sewage into Illinois River does
at any time improve that river. This opinion was strengthened by
considering the larger amount of sewage now delivered, the oppor-
tunities for sedimentation, the susceptibility of Illinois River to fresh-
ets, and the changed conditions brought about by the introduction of
this fresher sewage with a larger volume of water. Undoubtedly at
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times the dilute sewage may have improved the appearance of the river
water and may seem to have improved its quality; but if the condition
throughout the year, at all times and seasons is considered, it is doubt-~
ful whether such improvement has taken place. (2216-2217.)

The witness believes that the danger to St. Louis is practically
constant, inasmuch as it can never be known at what moment
infectious material may arrive from the sewers of Chicago. It is
not supposed that such material is arriving every minute or every
hour, but no one can ever know when it may come, The danger is
believed to be immediate in the sense that it is urgent and serious,
and it is impending by reason of the fact that it is hanging over
the citizens of Missouri on the shore of Mississippi River all the time.
It is as if ever since the opening of the drainage canal there had been
located on the drainage area of the Mississippi a big additional city,
notorious for its typhoid epidemics and its high typloid death rate,
and as if the placing of that city virtually on the Mississippi basin
had introduced a new element into the life and welfare of the people
on the river below. It is no trifling matter to take on a city of that
size and add its sewage to a stream already sewage polluted. The
danger Iine must by that addition be reached sooner by those who
use the water, and it is for that reason that the darger is regarded
as impending, immediate, aggravated, and continuous. (2217-2218.)

‘Dams undoubtedly favor purification so far as they produce slack
water or quiescence, but if the sediment or sludge is allowed to
remain on the stream bed, the chances are good thet in freshets it
may be returned to the current, travel with it, and produce trouble
below. The witness cited as an example the Merrimac, which is
often in dry seasons a series of mill ponds in whict sedimentation
goes on, but in the event of a thunder shower or any sudden pre-
cipitation sufficient to upset the stream it begins to rise, scouring
takes place, and trouble may ensue, as was the case at Newburyport.
Epidemics at Lowell and Lawrence have generally followed freshets
in the river. It is a general principle that dams are useful, but not
sufficient to bring about complete purification. (2218-2220.)

The witness stated that the rate of growth in population of the
Chicago sanitary district exceeds that of any other erea in the Mis-
sissippi basin. The growth in rural population in this basin during
the years 1890-1901 was less than 1 per cent, that in the urban popu-
lation outside the sanitary district of Chicago was 28.2 per cent,
and that of the city of Chicago was 54.4 per cent. Such a growth
in the city population, accompanied by a corresponding dilution of
its sewage through the drainage canal, must obviously quicken the
flow of Illinois River and bring the infectious materials more rapidly
to the people of Missouri. It is as if Chicago should be gradually
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moved toward St. Louis. The larger Chicago gets, the nearer it
practically comes. It is of interest not only to St. Louis and to
Missouri, buit to Illinois and to cities and towns that are bound to
grow up in the Illinois valley, that if Asiatic cholera or ary other
disease capable of being water borne should appear in a Chicago
five times as big as the present city, it would be a menace to the
welfare of the inhabitants of these places lower in the valley very
much greater in proportion than the existing danger. Iiven if
Chicago should purify her water supply and reduce her typhoid-
fever death rates, the mere existence of this large number of beings
pouring their sewage down the Mississippi Valley, no matter how
good their general sanitary conditions might be, would be a very
serious item in the welfare of these places, because epidemics some-
times appear even in communities having good water supply and
good sanitary conditions. (2220-2223.)

In reply to specific questions, the witness stated that the con-
struction of the Chicago drainage canal had added to the sewege-pro-
ducing population tributary to Mississippl River above the St. Louis
water intake a number equal to about 63 per cent. Only munici-
palities having 4,000 inhabitants or more being consider>d, the
population tributary to Mississippi, Missouri, and Illinois rivers;
exclusive of the sanitary district of Chicago, was 2,695,782, dis-
tributed as follows: Missouri River, 1,090,832; Mississippi River
above the mouth of the Illinois, 1,219,645; Illinois River, 385,305.
(2235-2236.)

The witness then stated that there were well-known cases where
settling basins holding suspected water for long periods had failed
to protect the people from typhoid fever. At Covington, Ky., the
water of Ohio River, more or less polluted, is kept at times aslong
as thirty-two days, and yet Covington suffers severely from typhoid
fever, due apparently to infected water. At New Albany, Ind.,
the storage is about a month in the sedimentation basin, and here
also typhoid fever is prevalent. (2238.)

Counsel for the complainant then propounded a long hypothetical
question to the witness with reference to the relative effect of the
discharge of sewage from Chicago through the drainage canal and
from all the other large cities on the drainage areas of the Missouri,
upper Mississippi, and Illinois, exclusive of the Chicago sanitary
- distriet. The cities, population, distance from St. Louis, the rivers
into which the respective sewages were discharged, and the number
of deaths from typhoid in each city were included in the question
and are given in Table 42. (2239-2249.)
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TasLe 42.—Population, deaths from typhoid, etc., in cities in Missourt, upper Missis-
stppt, and Illinois drainage basins.

MISSOURI DRAINAGE BASIN.

g Deaths from typhoid.
fe) Popula- River receiving §C§ 2. - - — T
ity. tion. sewa, SEElg s lu|s | !lw|g!s ‘.—1 ]
. ge. noo > | S (= S =1 % 8
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Lincoln, Nebr. ....... I 40169 | Dlatte. .. 21|23 |15 14| 12|13 : 4|13 10
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UPPER MISSISSIPPI DRAINAGE BASIN.
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Minneapolis, Minn._.| 102,718 , Mississippi_.....] 707 [134 1107 | 88 | 60 1148 | 86 | 71 | 13 {121 | 66
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o Estimated.

The question continued as follows:

Assuming that the total number of deaths from typhoid fever o said watersheds in
all other towns and cities of 4,000 population and over have not increased for said years
in any greater or different proportion than in the cities above mentioned;

Assuming that the three rivers mentioned run through alluvial soil principally, and
the Illinois River enters the Mississippi at Grafton, 29 miles above the Chain of Rocks
intake tower of the St. Louis waterworks, that the Missouri River enters the Mississippi

23 miles below Grafton and 6 miles above the intake tower * * * Jocated on the
" Missouri side of and in the channel of the Mississippi River about 1,500 feet from the
Missouri shore; .

Assuming that the city of St. Louis obtains its water from the Mississippi at the
intake tower, * * * by which it supplies its citizens, about 600,000 in number,
with water for drinking and domestic purposes, and that no substantial change in the
method of taking said water or treatment thereof has oceurred since January 17, 1900;

Assuming that the sewage of 1,500,000 inhabitants of Chicago hes, since January 17,
1900, heen discharged into the-Chicago drainage canal at Lockport, 291 miles above
Grafton, and that the sewage-polluted water from said city and canal has continually
since said day proceeded into the Desplaines River at Lockport, and that the Des-
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plaines enters * * * [Illinois River, forming a continuous water course from Chi-
cago to the Missouri shore of the Mississippi River and to St. Louis;

Assuming that in the years 1895 to 1902, inclusive, the number of deaths in Chicago
from typhoid fever was [as indicated in above table]; and

Assuming that in St. Louis for the years 1900, 1901, and 1902, and to this day, the
percentage of annual typhoid-fever mortality to total mortality has increase about 73
per cent over and above that of the years 1895, 1896, 1897, 1898, and 1899, and that the
typhoid deaths in all towns and cities over 4,000 inhabitants were about the same per
[unit] population as those given above on the watersheds of said three rivers during
said time, and that on the ordinary basis of computihg sanitary pepulation by taking
the aggregate population of all towns and cities of 4,000 inhabitants or over on the
watersheds named, there was a population as follows: On the Missouri watershed,
10,901,832; on the Mississippi above Grafton, 1,219,645; on the Illinois River, exclu-
sive of the sanitary district of Chicago, 385,305;

State what, in your opinion, the sewage from 1,500,000 people of Chicago discharged
into the drainage canal had to do with the increased death rate from typhoid fever in
St. Louis, as ahove stated.

The reply of the witness to this hypothetical question was as
follows:

After having carefully considered the question and the assumptions which it con-
tains, and in view of my studies of the typhoid-fever statistics of the city of St. Louis
to which I referred in my testimony of yesterday, * * * I believe that beyond all
resonable doubt the principal factor of the annual increase of typhoid-fever mortality
of the city of St. Louis since January 1, 1900, has been due to the pollution of the
water supply of the city of St. Louis by the unpurified sewage of the sanitary district -
of Chicago. (2250)

In closing the direct testimony the witness asserted that, in his
opinion, no competent expert either can or will say that any means
exist at present by which the unpurified sewage of the sanitary dis-
trict of Chicago can be warded off from the people on the Missouri
shore and the citizens of St. Lows in the event of a poriod of
low water in Missouri River synchronously with a flood on the Illinois
basin. (2253)

CROSS-EXAMINATION.

An important point brought out in the cross-examination was the
opinion of the witness that even if all the sewage from the sanitary
district of Chicago were eliminated from the Illinois River basin,
leaving only the pollution otherwise entering the Illinois anc that in
upper Mississippi and Missouri rivers, the water entering the intake
of the St. Louis waterworks would still certainly be polluted and dan-
gerous to the people of St. Louis and the towns below; and that so far
as purification of this water by filtration or other means is concerned
the cost thereof would not be materially affected by the addition of
the sewage from the Chicago sanitary district. (2254-2258.)

During the cross-examination the statement was made by the witness
that the chemical examination of water for the purpose of determining
its potability is useful under some but not all circumstances. If the
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water be grossly polluted, no great skill is required; if only slightly
polluted no evidence of value would be produced by the analysis.
The same is true of bacteriological evidence. Both kinds of evidence
would be preferable to either alone, but the combined testimony is
subject to the same conclusion, namely, that pollution would be
sometimes indicated and sometimes not. (2258-2260.)

The witness stated that the addition of 1 gallon of typhoid-infected
sewage to Mississippi River at Alton might make the water of St.
Louis dangerous to drink. He was then asked if the same would be
true of St. Charles, Kansas City, and Omaha, stating in reply that he
would consider that the water into which such sewage was emptied
would be unfit for drinking purposes when it reached St. Louis. In
explaining his answer the witness stated that it is herd to draw the
line in cases of this kind, as it always is in sanitary matters, and that
if the sewage pollution were to take place only once he would not
ordinarily consider the water unfit for drinking. There is a point in
questions of this kind where it is a very difficult matter to decide;
chemical and bacteriological evidence and the conditions of purifica-
tion en route should be taken into consideration. (2263-2266.)

The longest well-established distance which typhoid germs are
known to have traveled to cause infection in water supplies was stated
by the witness to be 57 miles, in the case of the Detroit epidemic.
The greatest assumed distance for such a journey was 113 miles,.
from Oil City to Pittsburg. 1In fact, no limit may b= placed on the
distance that a typhoid bacillus may travel in water and retain its
virulence, if the rate of travel is fast enough. In the present state
of knowledge the witness was unwilling to set any limit of distance,
but the real problem was, according to him, based not so much on
the distance as on the time. (2270-2271.)

The witness then discussed the process of calculation by which he
reached his results of typhoid-fever mortality at St. Louis. The
ratio of the total number of deaths from typhoid fever to the total
number of deaths from all causes gives the percentage of mortality
for that specific disease. In the case of St. Louis the statement of
73 per cent increase in miortality from typhoid does not mean that
the number of deaths from this disease since 1900 was increased by
73 per cent over the number of deaths from the same disease during
the five years previous, but that such increase had tal-en place in the
percentage of typhoid deaths to total deaths in the two periods. In
other words, the typhoid death rate is based on the total number of
deaths, a definite factor, rather than on the population, an extremely
indefinite and fluctuating factor. In the present case a percentage
of mortality was computed for each of the years specified. The
deaths for the five years 1895 to 1899, inclusive, were added together
and divided by five, and those for the years 1900, 1901, and 1902 were
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added and divided by three, and the results were compared, showing
that the increase subsequent to January 1, 1900, was 73 per cent.
There are, according to the witness, various ways of getting at the
relative efficiency of any particular disease as a death agent. The
quickest way is to compare the total number of deaths from that
disease with the ascertained or estimated population. This is what
is known as the death rate from that disease, always a more or less
uncertain factor. On the other hand, it is generally held that the
total number of deaths is ascertained in most cities with considerable
precision. (2293-2295.)

In response to the question, “Suppose that a certain identified
quantity of water should require in its transmission from the outlet
of the sanitary district canal into the Illinois River to Grafton five
weeks, would you say that the typhoid bacillus might live in that
given body of water?’ the witness answered in the affirmative. The
same answer was given with the time specified as five months. With
reference to a time interval of one year the witness stated that he
could conceive of conditions which might prolong its life to that
extent. For example, the pouring of a large quantity of acid from
manufacturing wastes down the canal during that year might con-
ceivably destroy the typhoid germs in the water and in the sediment.
On the other hand, the discharge of an unusual amount of organic
matter from the stock yards might so enrich the water as to sustain
the life of the germ perhaps even longer than one year. The fact is
that the conditions which must be considered in a case of this kind
are so many that it is impossible to make categorical deductions
which will have any real value. The chances are good that the
greater part of the germs would die, but the possibility remains that
some might still be alive if they came from sewage under the condi-.
tions existing on Illinois River. In reply to the same hypothetical
question with the time fixed at fifteen months, the witness replied:
“I should say that in regard to a period beyond a few weeks or
months that in general the mortality among the typhoid bacteria
would be heavy, but that T should never feel certain, even after one
or two years, or possibly longer, that some of those were rot still
living there. (2315-2316.)

In reply to a direct question, the witness stated that he attributed
the typhoid fever in St. Louis during 1895 to 1899, inclusive, to a vari-
ety of circumstances, each of which probably played its proportionate
part in making up the total. The water may have contributed to the
net result; also milk, oysters, and secondary infection. Other infected
foods, such as water cress, celery, and unwashed fruits, had an impor-
tant bearing; also flies and all similar factors, each of which tends to
keep up in all cities of the world a small but rather constant amount
of typhoid fever. The witness asserted that the increase of typhoid

-
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fever subsequent to January 1, 1900, was not due to an overindulgence
in oysters on the part of the inhabitants, while there was no doubt
that some typhoid-infected oysters may have been eaten in St. Louis
during those years and may have caused some cases of typhoid fever.
The amount of increase of the disease subsequent to January 1, 1900,
in view of the size of the city, would mean, if attributed to oysters,
so vast a change in the habits of the people or in the condition of the
oyster supply of the United States, that such a theory would be
unreasonable, particularly as oyster-caused epidemics ere not frequent
and are local, while the rise in typhoid fever in St. Louis has been
persistent. (2328-2331.)

The agency of wells in St. Louis as a factor in the distribution of
typhoid fever was then discussed by the witness, who stated that his
investigations showed that there were about 2,000 wells in use, and.
that the chances are that many of them were infected ; but a considera-
tion of all the circumstances, so far as they could be learned by making
careful inquiries as to changes in the customs of the people after Janu-
ary 1, 1900, would put the investigator in a position to say positively
whether the increase in typhoid was due to any such cause. The
witness had considered the subject of the number of wells and whether
such number was materially changed after the date mentioned, and
had come to the conclusion that there was no reason to believe that
any material change in the habits of the people in rezard to the use
of such wells had occurred since that date, and that, therefore, this
agency may be entirely excluded as a factor in causing any portion
of the increase. The witness affirmed that he was justified in making
this statement, even though he had made no personal inspections of
any wells or outhouses and did not know how many people drinking
well water had contracted the disease.

Continuing, the witness stated that the theory of well water as a
factor in the production of typhoid fever had, in hir opinion, been
overworked, and that the danger of well waters had been greatly
exaggerated in public belief., In his extensive bacteriological experi-
ence he but very seldom had had occasion to attribute to infected wells
epidemics of typhoid fever, and had never seen an epidemic of any
considerable size from such sources. From his experiments made for
the State board of health of Massachusetts on the purifying power of
earthy materials he had found that as a rule the passage of infectious
materials through open soils removes all traces of infection. If the
soil is not open, obviously infection can not pass. Tl'e only case, in
the judgment of the witness, in which privies and ces-pools are dan-
gerous to wells are those in which the soil is either very open or
cracked or fissured in some way. In view of all there facts, and in
view of the further fact that no material or essential change had taken
place in the habits of the people of St. Louis since Jenuary 1, 1900,
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the witness excluded altogether the wells as an element in the typhoid-
fever increase. While they may have contributed to keep up the
usual small amount of this disease in St. Liouis, they formed ro factor
in the large, steady, and continuous increase since January 1, 1900.
The witness stated that his investigations showed that the character-
istics of this disease in St. Louis are such as might be expected, and
have in fact been present, in epidemics due to infected water supply.
In the rare instances in which epidemics have been traced to wells,
the deaths are numerous within a short period—bunched togather, so
to speak, both as to time and place. Even on the assumption that
the wells in St. Louis might be contaminated with typhoid, it would
be a comparatively easy matter to ascertain and demonstrate the fact
that the disease was derived mainly from the general water supply,
for if it were caused by infected wells, inasmuch as it is absolutely
inconceivable from a sanitary standpoint that any very large number
of wells should be infected, the vital statistics must then show a much
larger number of deaths in restricted localities than ever before, but
so concentrated in time as to pass like a wave over these localities,
whereas no such waves could be recognized in the present case. (2341—
2353.)

In response to the question whether or not the witness would, as
a sanitarian, have recommended to the citizens of St. Louis the Mis-
sissippi water in its unpurified state as a water supply at any time
previous to 1900, he stated that he probably would not have recom-
mended it at any time for drinking purposes without treatment or
purification, inasmuch as one could never know with any precision
or certainty that the specific disease germs derived from the sewage
emptied into the river at different places above on the drainage area
had been effectually removed, and inasmuch as the stirring of sedi-
ments by steamers or by fishermen might at any moment convert
what would otherwise be a well-purified stream into one of danger.
(2362-2363.)

REDIRECT EXAMINATION.

The witness referred to his use of the term ‘‘normal” as referred to
the rate of typhoid fever in a city, and classed it as objectionable,
substituting the word ‘‘residual” in its stead. He explained that in
using the word ‘‘normal’” he was simply trying to arrive at a good
scientific expression for subsequent use. 1If it should appear that the
typhoid fever remaining in a city conformed comparatively with the
amounts remaining in other cities having good water supplies, such a
remnant or remainder might well be called the residual typhoid and
represents the typhoid which will occur in any community sporad-
ically and without reference to any particular source. (2379-2380.)

He then pointed out, in response to questions, that during 1897,
1898, and 1899, the number of deaths from urban typhoid on the
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drainage area of Mississippi River above St. Louis, excluding the
sanitary district of Chicago, was about 1,100, and that the fatality in
typhoid being assumed as 10 per cent, this represents at least 11,000
cases for the three years under consideration. In the sanitary dis-
trict of Chicago during the same years there were 1,515 deaths from
typhoid, which would mean, when calculated on the same basis,
15,150 cases, or 4,000 more than occurred in all the remainder of the
Mississippi drainage area above St. Louis. The witness further
pointed out that the number of deaths from typhoid on the Mississippi
drainage area, exclusive of the sanitary district of Chicago, during
1900, 1901, and 1902, was 1,144, representing an estimate of 11,440
cases, while the number in the sanitary district of Chicago was 1,647,
representing 16,470 cases—an excess in Chicago of about 5,000. The
witness expressed himself as greatly impressed with tlis comparison,
as it showed that by the diversion of the Chicago sewege into Illinois
River the morbidity from typhoid fever in the Mississippi drainage
area above St. Louis had been increased by considersbly more than
100 per cent.

On being asked to reconsider his assertion made in cross-examina-
tion that the cost of filtering the St. Louis water suppl would not be
materially increased by the addition of the pollution derived from
the drainage canal, the witness stated that on reflection he realized
that he did not sufficiently consider the fact that, aside from the
masses of filth that might be washed down in certain cases and that
would add somewhat to the cost of cleaning and care of the filter,
there would be the necessity for a much keener watch of the filters
and for more intelligent management, so that it might make a differ-
ence between the employment of a low-salaried and a high-salaried
man as resident manager of the works. Then there was the further
contingency that with the unexampled increase of population in
Chicago the Illinois and the Mississippi above Chain of Rocks might
be reduced to an open sewer, and that under such conditions a single
filtration of the water might not suffice. The witness admitted that
this condition could not take place for a long period of years and
until a vast population was added to that already living in Chicago;
but, summing up the analogous cases in the United States in which
pure streams had been reduced to a condition of hop-less pollution,
stated that it was precisely these long looks into the future which
should be taken in cases of this kind. TFurthermore, in view of the
facts that the low-water flow of Mississippi River at St. Louis is
something like 40,000 cubic feet per second, and that Chicago is
already pouring down 5,000 cubic feet per second in dilute sewage,
while the drainage canal is built to discharge, eventually, 10,000
cubic feet per second, it is well to inquire what will be the effect of
discharging that amount of water and sewage into Mississippi River;
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which is at times flowing only 40,000 cubic feet per second. At such
times the danger line will be approached, and it is not at all incon-
ceivable that when 10,000 cubic feet per second are poured down,
the presence of this material in the Mississippi, itself growing more
polluted meanwhile, may bring about or help to bring about at cer-
tain seasons of the. year a condition approaching that of a septic
tank, when the dissolved oxygen will begin to decrease and the water
will begin to degenerate into a condition of dilute sewage. All
these things would add to the cost to-day and would involve a greatly
increased cost in the near future; within fifty or one hundred years
they might even amount to such a pollution of Mississippi River in
low-water times as to make it an impossible source for any modern
civilized city. (2381-2385.)

Professor Sedgwick was recalled to the stand to testify concerning
the epidemic at Cumberland, Md., which was generally believed to
have been the cause of an increase in the typhoid-fever rate at Wash-
ington, D. C., through the infection of Potomac River, from which
Washington takes its water supply, and on which Cumberland is
situated, about 175 miles above.

From the testimony of the witness it appears that there were, in
1890, at Cumberland, 98 deaths from typhoid fever, distributed as
follows: January, 18; February,27; March, 39; April, 8, and May, 5.
The number of cases reported in this epidemic was 485, which was
believed by the witness to be entirely too small, as the number of
deaths indicates that, with the usual fatality of 10 per cent, the total
number of cases should have been about 980. The sewers of Cuin-
berland, so far as sewerage was provided, emptied into North Branch

*of Potomac River and into Wills Creek, a tributary of North PPranch
at that point. In addition to the sewers, there were an unusually
large number of privy vaults set directly over the river or its tribu-
taries. The result of this epidemic was a large increase of the disease
in Washington, and this was pronounced by the witness to be one of
the most important examples on record of the transmission of typhoid-
fever germs over long distances. Beginming in March, 1890, the num-
ber of deaths was as follows: March, 19; April, 11; May, 13; June, 33;
July, 36; August, 28; a total of 140, exceeding the normal rate in
Washington by about 100 per cent and indicating an incidence of the
disease amounting to about 1,400 cases. (2759-2761.)

This instance, according to the witness, is particularly interesting
by reason of the fact that Cumberland is about 175 miles from Wash-
ington, and because the river is of such a character as to offer a good
example of a stream neither very swift nor very slow, but having
occasional areas of what might be called slack water. The epidemic
at Cumberland must have afforded a heavy infection of the stream,
although it is a fact that at that time the city was not thoroughly sew-
ered. It is, however, peculiarly arranged with reference to the water
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courses flowing past or through it. It is at the junction of that por-
tion of the river which comes down from the Allegheny Mountains and
another portion which comes from the West Virginia hills. One other
fact of great importance should be mentioned. Between October 4,
1899, and March, 1890, the sedimentation basin and the distributing
reservoir in Washington were out of service, so that during that period
the water of the Potomac was delivered to the citizers of Washington
without purification of any kind.  As a result of the yollution of Poto-
mac River, Congress authorized and provided for the construction of a
filtration system for the city of Washington. (2761-2763.)

GEORGE W. FULLER.

DIRECT EXAMINATION.

George W. Fuller was called as a witness in behalf of the complain-
ant, and in qualifying stated that he was a sanitary expert, profession-
ally educated at the Massachusetts Institute of Techrology and at the
University of Berlin. In connection with his work in Germany, he
studied bacteriology at the Hygienic Institute and in the private labo-
ratory of the engineer in charge of the filtration plant of the Berlin
waterworks. After returning from his European studies he was for
five years in the service of the State board ot health of Massachusetts,
the greater portion of that time being spent at Lawrence, where there
is an experimental plant, conducted with a view to finding the best
ways of purifyving sewage and water. During most of his stay at this
experimental plant he was in immediate charge. For four years after
leaving Lawrence he worked in the valley of Ohio River at Louisville
and Cincinnati, being engaged in studying the best means of purifying
the polluted Ohio River water at those cities. Since finishing the
Ohio River work he had been in private consulting practice and had
made investigations at upward of twenty-five or thirty cities, among
which are a number of the most important cities in this country, such
as Washington, D. C.; Springfield, Mass.; New Haven, Conn.; Oswego,
N. Y.; Meadyville, York, and Columbia, Pa.; and the group of cities
lying directly west of New York, furnished by affiliated water compa-
nies, including Paterson, Passaic, Jersey City, and Hoboken. The
witness further stated that he was a member of the American Society
of Civil Engineers, the American Chemical Society, the Society of
American Bactertologists, the American Public Heclth Association,
the American Waterworks Association, and the American Society of
Naturalists, and that in connection with his membership in the Ameri-
can Public Health Association he had been chairman of the committee
on the pollution of public water supplies and of the committee on
standard methods of water analysis. (2602-2605.)

The witness gave the following facts in regard to the water supply
of St. Louis: The Mississippi for many years has been the source of the
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St. Louis water supply. Thirty years or more ago the municipal
water department established an intake at Bissells Point, near the
present Merchants Bridge. At that place four settling basins, each
having a capacity of about 15,000,000 gallons were provided. The
water from the river was pumped to these basins, in which it was set-
tled—that is, partially clarified—and partially purified, and then it
was pumped into the distributing mains that conveyed it to the citi-
zens of St. Louis. These works continued in service until the autumn
of 1894. For about ten vears preceding that time attention had been
given to the subject of locating a new point of intake, and as soon as
the enabling acts were passed construction was commenced of the
works as they now exist at Chain of Rocks. The object of moving the
intake from Bissells Point to Chain of Rocks, 8 miles or so up~tream
and about 6 miles below-the mouth of the Missouri, was to avoid all
possibility of sewage pollution such as had been caused at Bissells
"Point by the inhabitants of the northern district of St. Louis where the
population had increased rapidly since the time that the Bissells Point
plant was constructed. (2606.)

At Chain of Rocks a tunnel is constructed through the solid rock,
extending out from the Missouri shore about 1,500 feet and terminat-
ing in an intake tower located on the Missouri side of the main channel
of the river; the water entering this intake tower flows by gravity
through the tunnel, which connects with a suction well 100 yards or
so distant from the shore. From this suction well the water is pumped
by the low lift pumps situated in the adjoining station to a series of
six settling basins, each of which is about 660 feet long and 400 feet
wide and has an average depth of water of about 15 feet to flow line
and a capacity of about 29,000,000 gallons. The river water in pass-
ing through these settling basins is clarified to a considerable degree,
a large amount of the mud found in the raw river water being left in
the form of a deposit. A considerable portion of the bacteria are also
removed, including those of infectious diseases, if such are present in
the raw water.

From these settling basins at Chain of Rocks the water flows by
gravity through 4 masonry conduit leading to the old waterworks
plant at Bissells Point, where a portion of it is taken by the pumps in
the original station and delivered to the consumers. Since 1897, a
part of the water, however, has been taken from this conduit about
halfway between Chain of Rocks and Bissells Point, at Baden, where
the high-service pumping station is located. At this station a con-
siderable part of the water going to the hilly portions ot St. Louis is
pumped. (2606-2607.)

The witness stated that no change in the method of treatment of
the raw water from Mississippi River had taken place since the late
autumn of 1894.
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It was his opinion that the best index of the sanitary character of
a public water supply is the record of mortality from water-borne
diseases in the community using it, and especially the mortality
statistics of typhoid fever. It had been his experience that the
typhoid statistics are preferable to those of other water-borne diseases,
because of the widespread nature and distribution of typhoid, its
abundance in those communities supplied withsewage-polluted waters,
its well-defined character, and the substantially large percentage of
deaths to cases. The witness believed, however, that if Asiatic
cholera should become established in this country, it might serve
equally well as an index to the character or water. He further stated
that the number of typhoid-fever deaths in the United States, based
on a conservative estimate, is from 25,000 to 30,000 per year, and that
the number of cases will reach more than 250,000 annually. (2608)

The witness then stated that the water supplied to the citizens of
St. Louis during the years 1895 to 1899 was what might be called
good sanitary water, basing his judgment on the typhoid-mortality
statistics. The water entering the intake tower of the waterworks
during the same period was what might be called a suspicious water,
by which he meant not distinctly a good water, and wes in a much less
safe condition from a sanitary standpoint than after it had been stored
in the settling basins. * (2608-2610.)

The witness then reviewed the number of deaths from typhoid fever
in St. Louis from 1895 to 1902, inclusive,® and went on to state
that averaging the number of deaths duriag the first five years, 1895
to 1899, gives 112 deaths per annum from typhoid fever, while a
similar average during the three vears beginning January, 1900, is
196, showing an increase in round numbers of about 80 per cent in
the number of deaths. The increase of population during that period
being taken into consideration and the typhoid-fever deaths being
expressed with reference to the number per 100,000 population, there
had been an increase since January, 1900, of about 6C per cent. The
number of deaths from typhoid fever during the eight years being
compared with the number of deaths from all causes, the increase
since January, 1900, in the average percentage of typhoid mortality
was 73 per cent. The witness then stated that, to speak broadly,
there had been an increase during the period from January 1, 1000,
to the date of the testimony of about 60 to 70 per cent above the
average of the earlier period. Comparing the number of deaths from
typhoid fever during the first five months of each rear in the two
periods, the witness stated that the earlier periods showed numbers
very much less than the later. This was particularly true of the year
of the testimony, 1903, when there were in January 15 deaths, in

aDate given in testimony of W. T. Sedgwick.



TESTIMONY OF GEORGE W. FULLER. 127

February 15, in March 20, in April 17, and in May, up to the date
of testimony, 18, indicating an unusual prevalence of typhoid fever.
(2610-2612.)

The witness then stated that he ascribed the increased amount of
infection to the public water supply and predicated this opinion on
the practically uniform distribution throughout the city of the resi-
dences in which typhoid deaths had occurred, and the further fact
that a careful examination of several other possible sources of typhoid
fever showed that no substantial portion of tnis increase can be
explained in that way. Since January, 1900, the sanitary character of
the public water supply delivered to the consumers in St. Louis has
been less safe than formerly and it could not be classed as good water.
As the treatinent of the raw water after it left the intake tower had
been essentially the same since January, 1900, as before, the witness
declared that the change must have come about in the water before
entering the tower and at some place above the waterworks. Con-
tinuing, he stated that he was generally familiar with typhoid sta-
tistics in the large centers of population on the Mississippi watershed
above Chain of Rocks. During the periods under discussion there
had been at a number of points some variation in the amrount of
tviphoid fever prevailing indifferent yvears. To take the typhoid-fever
statistics on this watershed, as a whole, excluding the sanitary dis-
trict of Chicago, it was his judgment, based on the average number of
deaths from typhoid per vear, that there had not occurred on the
natural drainage area of the Mississippi watershed above St. Louis
any increase in the number of deaths sufficient to explain to any
material degree the less safe condition of the Mississippi water at the
intake tower. He considered that the cause of this condition was the
discharge of sewage from the drainage canal, containing flth and
infection from the city of Chicago. (2612-2615.)

The approximate number of persons sewering into Mississipni River
and its tributaries above the waterworks intake at Chain of Rocks,
exclusive of the sanitary district of Chicago, was in round numbers,
according to the witness, 2,700,000. This figure was based on a sepa-
ration of the sewerage-contributing population from the rural popu-
lation by taking the towns of 4,000 and over as representing those
which had sewerage systems and contributed sewage divectly to the
watercourses. Some towns of more than 4,000 population are un-
doubtedly not provided fully with sewerage facilities, and on the other
hand there are a number of towns of less than 4,000 population which
have in a limited measure some sewerage. As a practical proposi-
sition the amount of sewage contributed by the population in towns
of less than 4,000 inhabitants no more than oflsets in the aggregate
the amount of pollution in the cities larger than 4,000 inhabitants

.
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which do not have sewerage and whose sewage therefore reaches the
river indirectly. In making his statement as to the number of people
in the aggregate sewering into Mississippi River above Chain of Rocks,
the witness intended to include Missouri and Illinoisrivers, exclusive
of the sanitary district of Chicago. Based on these data, the witness
calculated that the increase in population sewering into the Mississippi
above St. Louis due to the construction of the Chicago drainage canal
was about 60 per cent. (2616-2617.)

The witness estimated that it would require from ten to twenty-five
days for the Chicago sewage to flow from Lockport to Grafton, the
average time being from fifteen to eighteen days. He considered that
typhoid germs may and do live in sewage and polluted water, such
as is found in the Illinois River valley, for weeks and even months.
The dilution of the Chicago sewage as it flows from Lockport to
Grafton by the waters of Illinois River and its tributaries is extremely
variable. At times the dilution is considerable; at other times the
flow of the canal may exceed that ot Illinois River, particularly that
of its upper reaches. Consequently there results at times a dilution
of the sewage by the river and at other times a dilution of the river
by the sewage. Dilution at best does not destroy the disease germs
or infectious matter. Its effect is simply to minimizs the danger to
those who drink the water so diluted. One effect of the dilution exist-
ing in Illinois River at low stages is to bring to Grafton more quickly
than would otherwise be the case injurious matter entering the river
at points along its route. (2617-2618.)

With reference to the significance of the ponds, dams, and slack-
water stretches.found in Illinois River, the witness stated that there
are a good many days in the course of a year when the velocities at
these points are so low that deposition takes place to a considerable
degree. But deposition does not mean permanent elimination from
the flowing water. The dangerous substances may be disturbed
from time to time by changes in velocity of the stream flow due to
small or great floods, or by the passage of boats or the action of the
wind. These disturbances cause the bacteria to leave the bed of the
river and be carried on to greater or shorter distances, and in this way
the germs of -disease may pass from the Chicago dreinage canal at
Lockport to the mouth of Illinois River at Grafton. In fact, the
witness stated that it was probable that the water of Illinois River,
passing into Mississippi River at Grafton, was sometimes richer in
typhoid-fever germs derived from the sanitary district of Chicago
than the water running over the Bear Trap dam. Such a condition
of affairs might arise at times through disturbances of the sediment
lying upon the bed of the stream in places. As the typhoid germs are
returned to the flowing stream from their position on the bed an accu-
mulated result is effected, whereby, at times at least, th-e waters of 1lli-
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nois River flowing to Grafton may discharge the concentrated essence
of the infection by taking,in the manner above described, portions of
the infection coming from many days’ flow through the draindge canal
into the viver. (2619-2620.)

Continuing, the witness stated that he did not believe it possible
for Illinois River water ordinarily to flow by the intake at Chain of
Rocks without some of it entering the intake tower. In his judgment,
the sewage of the sanitary district of Chicago pollutes and infects the
water of Mississippi River along the Missouri shore to such an extent
that it makes this water less safe for drinking and domestic purposes
than it was before the opening of the drainage canal. This conelusion
he believed to be borne out by an examination of the records of
typhoid-fever mortality. There were on the drainage area of Missis-
sippi River above Chain of Rocks, exclusive of the sanitary district
of Chicago, about the same number of typhoid deaths from year to
year between 1895 and the date of the testimony, 1903; but since the
opening of the drainage canal there had been added to the drainage
area an amount of pollution shown by 1,647 typhoid deaths for 1900,
1901, and 1902, and there was no doubt in the mind of the witness that
these added cases had been the cause of the increase in St. Louis.
(2621-2622.)

Considering the probable future growth of Chicago and tte con-
stantly increasing amount of sewage discharged through the drainage
canal, the witness believed that the water in Mississippi River along
the Missouri shore would be rendered less safe than at the present
time by reason of the increased amount of infection dischargad into
the canal and the shorter interval of time required for its passage
from the canal to Chain of Rocks as a result of the constantly increas-
ing amount of water used to dilute the sewage, which would auicken
the flow of Illinois River. At low stages of Illinois and Mississippi
rivers it is quite possible, in the opinion of the witness, that the
amount of pollution may become sufficient to exceed the amount of
oxygen available in the water and to make the two rivers resemble
open sewers rather than streams carrying live, natural water. (2622-
2623.)

In reply to the question whether or not the Chicago sewage would
increase the difficulties of the problem of filtering or otherwise purify-
ing the water supply of St. Louis, the witness stated that, in his judg-
ment, the increased amount of infection adds to the responsibility of
treating the water so as to make it perfectly safe and wholescme for
the citizens of St. Louis, and that financially there would be the
greater expense of the construction of a filtration plant and the added
cost of supplies used in connection with its operation, especially in
times of low water. It would also mean that filtration works, if

IRR 194—07—9
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adopted, must at times be operated at lower rates of filtration than if
this infection were absent, and this reduction of the rate of filtration
would necessitate a larger and hence a more expensive plant to purify
the same quantity of water. Looking some distance into the future,
and considering the various centers of population tributary to Missis-
sippi River above St. Louis, but excluding the sanitary district, the
witness was certain that there will ultimately come a time when single
filtration can hardly be expected to produce a satisfactory quality of
water at Chain of Rocks. This condition and the time at which it
arrives will depend on the rate of increase of population in the com-
munities on the drainage area; but whatever the rate of growth in
those communities may be, it is certain that the added infection due
to Chicago sewage will hasten the day when single filtration will prove
unsatisfactory and when it will be necessary to resort to other methods
involving increased expense and responsibility.. (2623-2624.)

CROSS-EXAMINATION.

In reply to questions the witness stated, among other things, that if
a stream of water flowing 300,000 cubic feet per minute, into which
was poured the sewage of Chicago, were started in a tortuous course
at the Bear Trap dam, receiving no dilution on the way, it would not,
in his opinion, be absolutely freed from infection by the time it reached
New Orleans. While there would be a very great reduction in the
number of typhoid germs present, there was no certeinty of absolute
elimination. The witness further emphasized the fact that the self-
purification of a stream is controlled by the time and not by the dis-
tance which it runs. Speaking absolutely, he believed it to be very
doubtful whether there was any such thing as the purification of a
stream of running water into which infected sewage is poured. The
construction and maintenance of filtration systems for the purification
of the St. Louis water were then discussed by the witness, who stated,
with reference to the filtration of the Missouri River water as con-
trasted with that of the Mississippi, that there would not be any mate-
rial difference in the construction of any unit portion of the filters, but
that as the pollution and infection increased a largev area would be
required in order to satisfactorily purify the infected water. If he
were providing a filter to treat Missouri and Mississippi water without
the admixture of that from Illinois River, there would be no neces-
sity for making it larger or more expensive because of the union of
these waters. But in the case of the admixture of Illinois River water,
although there would probably be no marked difference in the size of
the first installation, the reserve portion of that installation would
serve for a shorter period of years than would be the case if that water
were excluded. With the Illinois water included, it would also
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require more skill and judgment on the part of the engineer in charge
of filter maintenance. (2624-2633.)

The witness further stated that there were a good many days when
the proportion of Illinois River water entering the St. Louis intake is
exceedingly small, but to guard against danger arising on those occa-
sions when a considerable proportion of Illinois River water enters the
intake, there would be required a constant exercise of care and skill
equivalent to that which would be necessary if it were absolutely cer-
tain that a considerable proportion of Illinois River water came in
constantly.

The cross-examiner then sought to establish the assertion that if it
were necessary to provide more expensive filters and maintain a more
expensive superintendence because of the discharge of Chicago sewage,
the same necessity would arise in case there were a great epidemic of
typhoid fever at Kansas City, the infection from which, as admitted
by the witness, would reach Chain of Rocks under ordinary conditions
in about one week. The apparent purpose was to show that for the
safety of St. Louis at all times it would be necessary to provide as
expensively for the elimination of sewage naturally running into the
Mississippi drainage area as it would for that of sewage artificially
diverted through the drainage canal. The witness replied thet there
would be an added danger from Illinois River, in that it is intermit-
tently flushing out large accumulations of infected sediments, making
the water constantly dangerous, whereas in the case of the supposed
Kansas City epidemic the danger would not be constant but confined
to a single limited period. As a general proposition, the growth of
Kansas City is an impending menace to the water supply of St. Louis,
but the contingency is remote, while the addition of the sewage from
the Chicago drainage canal makes much less distant the day when
serious trouble will result from the use of the water at the Chain of
Rocks intake. (2639-2641.)

With reference to the sewage pumped from Chicago River into the
Illinois and Michigan Canal, thence entering Desplaines River, the
witness stated that, in his opinion, prior to 1899 this canal contained
infection in a considerable proportion, though a large part of the infec-
tion from Chicago sewage rémained in Chicago River. When the
sewage was pumped into the Illinois and Michigan Canal the organic
matter was in so advanced a state of decomposition that the propor-
tion of typhoid-fever germs present compared with that or’ginally
present in Chicago River was exceedingly small, particularly as the
much diluted contents of the canal flowed into Desplaines River.
While this water was not absolutely free from infectious gerras dan-
gerous to the people of St. Louis, it was absolutely certain that it was
not sufficiently infected to cause any trouble in that city, as evidenced
by the low typhoid-fever rate. The Illinois and Michigan Canal was
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in effect a septic tank. It encouraged the growth of certain kinds of
bacteria which are known to have a destructive influence on the
germs of typhoid fever. This septic action, such as occurs in a tank
or has occurred in the Illinois and Michigan Canal, does not ordinarily,
if ever, take place in thebed of a stream to such an extent that it would
affect very materially the life of typhoid germs. (26442645, 2652.)

In the course of over a year’s investigation of water in Ohio River
at Cincinnati, involving practically daily examinations, the witness
found Bacillus prodigiosus on one occasion. While there is a possi-
bility that others existed in the same water, it is a fect that the bac-
terium is rarely found in American waters, although it is a very easy
germ to discover. (2665-2666.)

REDIRECT EXAMINATION.

With reference to specific instances of typhoid bacilli being traced
through the outfalls of the sewers of a city into running streams and
conveying typhoid to persons using that water, the vitness said that
there were many in the sewage-polluted Ohio basin, especially at
Louisville. The sewage coming down to Louisville originates almost
entirely at Cincinnati, a distance of about 150 miles, and points above.
At times of very low flow in the river the velocity is s slight that the
period of time required for those germs to pass from Cincinnati to
Louisville is more than a month. Nevertheless there was typhoid in
Louisville due to the consumption of river water, even though the
water had passed through settling basins holding fve or six days’
supply, in which sedimentation takes place. This, in the opinion of
the witness, was a very reliable demonstration thet typhoid-fever
germs are not absolutely removed from sewage-pollrted waters in a
period of one month. He cited, further, the instance of Covington,
Ky., mentioned in the testimony of Professor Sedgwick, and stated
that he considered that there was no room for doubt that a portion
of the pollution existing in Ohio River at Cincinnati is due to the sew-
age from cities located in Allegheny County, Pa., such as Pittsburg
and Allegheny, which are 450 to 500 miles by river above Cincinnati.
(2666-2667.)

In reply to a question concerning the deposits of sediment in the
slack-water places in Illinois River, such as Lake Peoria, the witness

. stated that there is documentary evidence and practical observation
as to the amount of scouring which takes place. ITe quoted from
reports of the Chief of Engineers of the United States Army as follows:

Channels dredged twenty years ago are but little deteriorated, and it is surprising .
to find that there has been no deterioration in depth in the pools created by the Henry

and Copperas Creek dams after from fifteen to twenty-eight years’ use.c
The dams [in Illinois River] have no appreciable effect above mid-stage of the river

e Rept. Chief of Engineers, U. 8. Army, 1895, p. 2716.



TESTIMONY OF GARDNER S. WILLIAMS. 133

when currents are the strongest, so that all lighter sediment is swept away as well now
as before the construction of the dams. That there has been no appreciable change
felt in the pools of Tllinois River is a fact that has been often remarked upon by steam-
boat men and persons interested in the use of the river since the construction of the
first dam at Henry, thirty years ago.e

The witness concluded his redirect examination by stating that in
his judgment no great amount of sediment remains upon the bed of
the stream of Illinois River for any great length of time. (2667-2668.)

GARDNER S. WILLIAMS.
DIRECT EXAMINATION.

Gardner S. Williams, a witness called in behalf of the complainant,
stated that he was a consulting water supply and hydraulic engineer
of Tthaca, N. Y., consulting engineer of the Ithaca Waterworls Com-
pany, and professor of experimental hydraulies in Cornell University,
having occupied the latter position since the fall of 1898; that he had
been educated in the common and high schools of Michigan and in
the engineering department of the University of Michigan, where
he took the degree of bachelor of science in civil engineering in
1889 and the advanced degree of civil engineer in 1899, the latter
being conferred on him by reason of his extensive studies in con-
nection with water supplies, especially from a sanitary stardpoint,
water-borne diseases, and investigations of the flow of wster, on
which he had later been awarded the Normal medal by the Ameri-
can Society of Civil Engineers. He had been connected with the
construction of waterworks at Bismarck, N. Dak., and Greenville
and Owasso, Mich.; from 1893 to 1898 he was civil engineer to the
board of water commissioners of Detroit, where he was in charge
of the engineering work connected with the construction of the
extensive supply system of the city and made investigations on
the flow of Detroit River in the Anierican channel. He was also
engaged as consulting engineer in the construction of other systems
and planned and- constructed additions to the waterworks plant at
Tthaca, N. Y. The witness stated that since assuming charge of the
hydraulic laboratory at Cornell University, which he claimed to be
the most extensive hydraulic experiment station in the world, he
had had abundant opportunity to study the flow of waters and
their effects on the beds of streams, having conducted extensive
experiments on the flow of water in open channels and over dams
for the United States Board of Engineers on Deep Waterways, for
the city of New York in connection with its investigations of the
Croton water supply, and for the New York State canal survey,
together with a number of less important investigations instituted by
the laboratory itself. At the time of testimony the laboratory was

a Rept. Chief of Engineers, U. S. Army, 1898, p. 2436.

-~
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engaged on an extensive series of experiments for the hydrographic
branch of the United States Geological Survey. During this time he
investigated the flow of water at Holyoke, Mass., and Sault Ste. Marie,
Mich. ’ ,

The witness stated that he had made investigations of typhoid
- fever epidemics at Detroit, Saginaw, and Charlevoix, Mich., and
Ithaca, N. Y., and had studied the information pullished in regard
to epidemics of water-borne diseases in this country and abroad.
(2418-2421.)

The sewerage system of Chicago was described as a combined sys-
tem, receiving both household sewage and washings and filth {rom the
streets of the entire city. The sewers receive the discharges of about
1,750,000 people, amounting to about 4,400 cubic feet, or 150 tons, of
solid human fecal matter every twenty-four hours, vhich, according
to the witness, was more than 50 per cent of the suspended solid mat-
ter at Lockport. The greater portion of this sewage is delivered into
Chicago River and its branches and carried by way of the drainage
canal into Desplaines, Illinois, and Mississippi rivers; the remainder
of the sewage is emptied into Lake Michigan. That going through
the drainage canal is diluted with Lake Michigan weter, taken from
a point directly over the beds of sewage deposit, which are from 1 to 4
feet deep. This water is so poor that in the opinion of the witness if
it were delivered, unmixed with sewage, to a condit sufficient to
carry it to the Mississippi at Grafton in the same perio it takes for the
present mixture to pass downstream to the same point it would be
very likely to carry disease infection and would thereby constitute a
menace to the health of the people using the Mississippi water below
Grafton for drinking purposes. (2422-2424.)

Referring to the physical characteristics of Desplaines and Illinois
rivers, the witness stated that below Lockport the Desplaines has a
rapid fall to Joliet, where the slope becomes materiallv less and lower
velocities follow. The stream then passes on into the Illinois, which
has a moderate slope in its upper portion, but as it comes down toward
La Salle reaches a very flat country, where it partakes essentially at
times of the nature of an estuary rather than of a river. It leaves its
banks at a stage a little over 10 feet above ordinary low water and
overflows large areas, forming basins which temporarily store the
flood waters and then return them to the stream. For the purpose of
improving navigation numerous dams have been constructed across
the stream; these, being intended solely to store water in times of
drought, are not of the nature of dams built for power purposes. The
difference in height of the water surfaces, measured from the crests of
the dam, in what would be the upper and the lower ponls is frequently
less than half afoot, so that in the case of markedly higher water the
dams become submerged weirs. In times of low water they cause con-
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siderable quiescence and an extensive sedimentation of suspended mat-
terresults. Asdepositionsoccurin flowing water, the heavier materials
naturally are deposited first. It is a notable fact that in such a stream
the pressures existing in the thin layers of water vary inversely as the
velocitx: that is, the higher the velocity the less the pressure which the
flowing water is able to exert on the water adjacent toit. The veloc-
ity in streams is ordinarily rather uniform for some distance below the
surface, so that it is easily possible for suspended matter to disappear
from the surface of the stream and get into the lower layers. As it
approaches the bottom, however, the decrease in velocity becomes more
rapid, and hence the increase of pressure from point to point becomes
more marked and the sinking particles meet a higher resistance, so
that there accumulates at the bottom a layer of water that is highly
charged with suspended matter. The lighter particles in the water
will be the last to be deposited, and we may say, generally speaking,
that the bacteria, which are of very nearly the same specific gravity as
that of the water itself, will only be borne to the bottom when entan-
gled with the heavier suspended matter. Therefore such bocteria
would be less liable to be deposited than the inert mineral matter.
(2425-2427.) o
Although it is true that large amounts of sedimented materisl have
been deposited in Illinois River, there are also times when the river
scours, or, in other words, takes up such deposited matter and carries
it downstream. Observations of the United States engineers who
have had charge of the improvement of that river show that there has
been no extensive silting up or filling of the channels of the stream,
either natural or artificial. It is not necessary to have flood condi-
tions in order that this suspended matter shall be taken up and carried
along. Very small changes in the stages of the river make very decided
differences in the transportation of this material. The passage of
boats also has very decided effects in stirring up these deposits. The
witness stated that during his investigations of the flow of St. Marys
River he had opportunity to observe the extent to which these varia-
tions in the velocity of the stream were felt. There was at that time a
channel about 2,600 to 2,800 feet wide and through the major part of
its extent the depth was 50 to 56 feet. When a steamer drawing from
14 to 17 feet passed through the channel, the velocities in the stream
were disarranged and disturbed for a distance of as much as 100 feet
each way from the steamer and extending to the bottom, and this
disturbance continued sometimes for as much as half an hour after
the passage of the steamer before the water was able to resume its
normal regimen. Such effects can not fail to be an important factor
in the disturbance of the sedimentary deposits that may be formed
along the bottom of a river, and they will lead to the picking up of par-
ticles from the highly loaded layer of water next to the bottom. The
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lighter particles will of course be disturbed first, and therefore the
bacteria will be much more likely to be resuspended and carried far-
ther downstream than the mineral matter. They might be redepos-
ited in some places in the course of flow, but some of them would
undoubtedly be carried for very long distances, and in the case of Illi-
nois River would be eventually discharged into Mississippi River.
Whether or not their virulence would be diminished would depend on
the length of time during which the bacteria might have remained
deposited in the bed of the stream, but under such conditions as exist
in Desplaines and Illinois rivers, receiving sewage from the city of
Chicago, the witness saw no reason to believe that germs so deposited
would be destroyed. It seemed to him entirely pessible that as a
result of the scouring action set up at the bottom of the slack-water
_portions of Illinois River, the water in times of flood might be more
heavily charged with polluted and infectious matter than is the dilute
sewage delivered into Desplaines River over the Fear Trap dam.
(2427-2433.)

The witness stated that, according to his estimates, during over
three hundred days in the year 1900 the water would have flowed
from the Bear Trap dam to the mouth of Illinois River in less than
fifteen days. The discharge of Illinois River, containing the mixture
of Chicago sewage and water, would increase the pollution and infec-
tion of the water of Mississippi River at Grafton and render it less
safe for drinking and general household purposes. Water so dis-
charged would become mixed with Mississippi River water so as to
affect its quality on the Missouri shore. When Illinois River enters
the Mississippi at a lower velocity than that of the latter stream, the
Tllinois water would be drawn or forced to mingle witl the Mississippi
water in the same way that it is possible to pump water by means of
the jet pump, which delivers a jet of water through a channel at a
high velocity, entraining with it the slower-moving water at its side.
Expressed in more popular language, the principle as stated by the
witness, was that the more swiftly moving stream exerts a suction on
the water of the slower stream which leads to the dissemination and
mixing of the latter throughout the volume of the forrer. When the
velocity of Illinois River is greater than that of the Mississippi, the
momentum of the particles delivered to the Mississippi would be such
as to carry them well out into the stream. The backing up of Mis-
sissippi River water into Illinois River would also have the effect of
producing a fairly thorough mixture of the waters of the Illinois and
so much of the waters of the Mississippi as backed up into the stream,
and as the flow of this water which had been stored in the Illinois
came out of the mouth of the river, it would have the same effect as a
flood rising in the Tllinois itself, producing an additional scouring on
the bottom of the river. The witness then stated that he was pre-
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pared to assert positively that at times the waters of Illinoi+ River
reach the intake of the St. Louis waterworks at Chain of Rocks. (2434—
2436.)

The witness stated that if all the disease organisms discharged into
Illinois River through the Chicago drainage canal should become
innocuous at Lockport, the discharge would still be a menace to the
health of the people of Missouri who used the Mississippi water for
drinking purposes, for the reason that this quantity of water added
to the stream tends to decrease materially the time required for the
flow from various points of pollution along Illinois River, thereby
making the infection reach St. Louis in a much shorter time than
was required previous to the opening of the canal. Concerning the
probable average and probable range of dilution of the suspended
matter in the water of Mississippi River flowing past Chain of Rocks,
caused by the discharge of Illinois River, the witness stated that his
computations showed that during seven months in the year the ratio
of the amount of suspended matter delivered into Desplaines River
from the Chicago drainage canal and the amount of water flowing in
Mississippi River at Chain of Rocks is from five-tenths to 1 part of
the suspended matter per million parts of water in the Miseissippi,
and at a time of low water 1§ parts per million. This computation
is based on the solids which are in suspension in the sewage at the
Bear Trap dam and has no bearing on any substances which may be
in solution, and therefore do not appear as solids in suspension.
(2436-2439.)

The witness then described a case where a similarly polluted mix-
ture of suspended solids from sewage matter had produced typhoid
fever, as follows:

The water supply of the city of Detroit is drawn from the American channel of the
Detroit River, at the head of the river or at the foot of Lake St. Clair. Detroit River,
as you know, is one of the links in the connecting waters between the upger lakes,
Huron, Michigan, and Superior, and the lower lakes, Erie and Ontario, ard is the
natural outlet of the upper Great Lakes to the sea. The water from Lake Huron enters
the St. Clair River and flows through it a distance of about 35 miles, to the delta of
the St. Clair River, when it discharges inio Lake St. Clair. TLake 8t. Clair is nearly
circular in form, being 24 miles wide and, including its delta, about 24 miles in length,
measured in the direction of flow. The water supply of Detroit is taken practically
from the lake or from the river a few hundred feet below the point where it takes
its origin in Lake St. Clair.

In the year 1890 the number of deaths in the city of Detroit from typhoid fever were
39; in the year 1892 the number of deaths from typhoid fever in the city of Detroit
were 209. This remarkable increase was such as to cause Detroit for that year to
take rank among those cities which have had the highest death rates from typhoid
fever in America—there are but one or two of our large cities that have had death
rates notably higher than this, one of them being Chicago. An examination of the
record showed that this epidemic began in June, during which month there were 38
deaths by typhoid fever. As the civil engineer to the board of water comirissioners
of Detroit, it was very natural that my attention should be called to this condition
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of affairs, as many people attributed the cause of the epidemic to the water supply,
and I started to ascertain, if it were pvssible, where such a remarkable infection could
have come from so suddenly and so unexpectedly. After an extended investigation
I found that the epidemic was undoubtedly caused as a result of improvements to the
channel of Black River, which flows into St. Clair River near its head, at Port Huron,
a distance of about 57 miles from the intake of the Detroit waterworks. I found that
Black River, which was a sluggish stream, having ordinarily no current whatever
and only in times of heavy rains a perceptible current, had been for years receiving
the sewage from the city of Port Huron, through the center of whicl it flows. In order
to improve the harbor of Port Huron, which was virtually the lower portion of Black
River, the United States Government had caused the river to be dredged during the
early months of 1892, and in the process of that dredging had rerroved deposits from
near the mouths of the sewers which ranged in depth from a foot to 7 or 8 feet, and,
according to the testimony of some of those who lived along the banks, to as much as
10 feet in depth. This material was loaded upon scows and transported out into the
St. Clair River, where it was discharged or dumped into the stream, at a point, as
I have already stated, about 57 miles above the intake of the Detroit waterworks. I
found upon further investigation that this work had been begun during 1891 and that
conditions were such that this particularly highly infectious depnsit of material was
reached right at the beginning of the operations in 1892, so that this fully explained
the sudden outbreak of typhoid fever in Detroit, it having been carried through the
water of the St. Clair River and through Lake St. Clair to the intakes of the Detroit
waterworks, and thence distributed to the consumers throughout the city, with the
result above mentioned. (2439-2441.)

The time elapsing between the deposit of infectious matter at
Port Huron and the arrival of the water into which it was so dis-
charged and the delivery of the same to the consumers in Detroit,
as stated by the witness, would be the time required for the water
to flow from the point in St. Clair River where the material was dis-
charged to the intakes of the Detroit waterworks, which he estimated
could not have been less than eight days and was probably about ten
days. (2443.)

The witness then stated that the incubation period of typhoid
fever in about 75 per cent of the cases is from ten to fifteen days, and
pointed out the fact that the sum of the time required for the appear-
ance of infection in Detroit after the dumping of the pollution at
Port Huron, the average incubation period, and the ordinary time
elapsing between the onset of the disease and the occurrence of death
agreed within twenty-four hours with the time which had elapsed
from the deposit of the dredged material to the time when there
were in a single day in Detroit four deaths from typhoid fever, there
having been only one death from this disease during the preceding
twenty-four days. (2444-2445.)

The discharge of St. Clair River, according to the witness, varies
from 180,000 to 200,000 cubic feet per second. At the time of the
epidemic the discharge was about the former amount, which is
equivalent to the discharge of Mississippi River at St. Louis during
ordinary stages. Assuming the degree of dilution from such dis-
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charge, the witness found that during the month of April, 1892, the
ratio of volume of dredged material discharged per day into St. Clair
River-at Port Huron to the volume flowing in said river for twenty-
four hours ranged from 0.55 to 1.1 parts of dredged material per
million parts of water. The range of dilution of the sewags matter
of Chicago in the waters of Mississippi River flowing past Chain of
Rocks was stated to be at erdinary stages from 0.5 to 1 part of sus-
pended matter per million parts of water. The witness said that the
proportion of suspended matter in the sewage and water at Lock-
port was_something over twenty times as great as that in St. Clair
River, while that in the Mississippi at Chain of Rocks, coming from
the Chicago drainage canal, was substantially the same as that in St.
Clair River at the time of the Detroit epidemic. (2445-2449.)

The witness then described the epidemic at Grand Forks, N. Dak.,
substantially as follows:

The main sewer of the city of Crookston, Minn., became damaged
so that it failed to discharge the material delivered into it. This led
to the accumulation of deposits of sewage matter in the sewer, and to
afford a temporary relief a small connection was made arcund the
break, which carried off a portion of the liquid matter of the sewage
and discharged it into Red Lake River, the regular outlet for Crooks-
ton sewage. In the fall of 1893 this sewer was repaired, and Novem-
ber 17 the sewerage system of Crookston was flushed of the accumula-
tions which had gathered during the several months preceding.
Typhoid fever to the extent of about 60 cases had existed in C-ookston
in October and November. At the time of the flushing of these
sewers and the consequent delivery of sedimentary accumulations to
Red Lake River the surface of the river was frozen over. T™e town
of Grand Forks is located on this river about 60 miles below Crookston.
In November 2 cases of typhoid fever and no deaths were recorded
in Grand Forks, and for months preceding there had been a very
small amount of this disease. In December, following the flushing
of the Crookston sewers on November 17, 230 cases of typhoid fever
and 4 deaths were reported in Grand Forks, in January 712 cases and
52 deaths, in February 231 cases and 27 deaths, in March 46 cases
and 10 deaths, in April 26 cases and 2 deaths, and in May 1 case and
no deaths-—a total of about 1,200 cases of typhoid fever and 100
deaths at Grand Forks as a result of the flushing of the sowers at
Crookston. Grand Forks was at that time taking iis water supply
from the river. This evidence was introduced to show that the infec-
tious material accumulated in the Crookston sewers had retained its
virulence and after such a term of storage and a transmission of 60
miles by water had resulted in this great epidemic. (2455-2456.)

In response to a direct question the witness said that it was his
opinion, based on his knowledge of the transmission of typhoid fever
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through water, the conditions found on investigation to exist along
the drainage canal and the streams which unite the sewers of Chicago
with the intake of the St. Louis waterworks, and the corditions which
have existed in Chicago and St. Louis prior to and since the opening
of the canal, that typhoid infection has at times been transmitted
from Chicago to the St. Louis intake, and that such conditions might be
expected to persist in the future. The best criterion of the sanitary
quality of a water supply that is used by a community for domestic
purposes is the presence or absence among the people who use it of
water-borne diseases, of which typhoid is the most important. The
evidence afforded by the typhoid-fever statistics of St. Louis for the
period 1895 to 1899 would indicate that the water supply was not
ideal. Nevertheless, it would compare favorably witlk. the supplies
of a very large number of American cities and would rank with about
the second class of American water supplies, as experts usually con-
sider them. The evidence presented by the typhoid-faver statistics
in St. Louis subsequent to January 17, 1900, however, showed that
the probable infection of the supply had become nearly twice as great
and that its rank had materially dropped, judged by the conventional
standards of purity. (2460-2463.)

The significance of the sanitary analysis as an aid in determining
the presence of infectious pollution was then explained by the witness,
who said that if it fails to show anything of a deleterious character,
it is nevertheless not to be accepted as an evidence of purity, but if it
does show the presence of substances which are recognized as con-
nected with infectious material, then it is to be regarded as a valuable
indication of the possibility of contamination. Whenever chemical,
microscopical, or bacterial analyses of water indicate the presence of
substances that are known to be related to infectious matter, it is
proper to give to such evidence great weight in estimating the quality
of the water. On the other hand, it is not necessary for the expert to
depend on or to require either of these analyses in order to determine
the degree of pollution of a water if it is possible for Fim to see the
polluting mateiial flowing into it. (2464-2467.)

The witness then stated that if, with a knowledge of the existence
of the conditions at Chicago and along the drainage canal and Des-
plaines and Mississippi rivers, as they were known to the witness, an
“expert’’ should state that it is impossible for infectious matter dis-
charged by the sewers of Chicago to reach the Missouri shore of Mis-
sissippi River and the intake of the St. Louis waterworks and be a
source of danger to the citizens of Missouri residing on that shore and
using the water from the Mississippi below the mouth of Illinois River
for drinking purposes and to the citizens of St. Louis using the water
supply drawn through the intake at Chain of Rocks, he (the witness)
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would say that the person making this statement had thereby shown
such a lack of knowledge of the history of water-borne diseases and
the life and phenomena connected with their transmission and infec-
tion as well as of the laws of flow of water in open channels as to
totally disqualify him as an expert on the sanitary value or quality
of a public water supply. The problem before future generations in
St. Louis by reason of the discharge of Chicago sewage into lllinois
River is far more difficult than that which is to be faced at present.
A careful study of the relations existing between the flow of rivers
contributing to the water flowing past the St. Louis intake and the
prevalence of water-borne diseases in the city of St. Louic among
those of her citizens who are using the public supply has led to the
conclusion that at the present time the remarkable immunity from
serious typhoid infection which the citizens of St. Louis have thus
far experienced is due very largely to the character and amount of
water contributed by Missouri River. As the Missouri enters the
Mississippi the amount of silt in suspension in its water often amounts
to over 1,200 parts per million. A large part of this silt is of such a
nature as to be readily deposited when the water approaches a state
of approximate quiescence; and so vast a quantity of depositing mat-
ter can not fail to remove a very considerable percentage of the bac-
teria that are daily brought into the settling basins. As time goes
on, the history of the Missouri will become the same as the history of
every other stream on whose shores the hand of man has rested, and
while the total quantity of water which that stream will deliver from
year to year will remain about the same as now, the amount during
periods of drought will be decidedly less and larger portions of the
discharge will be gathered in a few floods. The result of this on the
water mingling to form the supply of St. Louis will be that in th = future
Missouri River will show a diminution in the percentage which it
represents of the total flow of Mississippi River past the city. It
will therefore follow that the amount of silt furnished by Missouri
River will be less and less sufficient to remove from the mixed water
the number of disease germs, even aside from the certainty that the
number of these germs will vastly increase as time goes on. It there-
fore seems clear that the pollution of the waters of Illinois and Mis-
sissippi rivers will have from year to year a continuously greater
effect on the healthfulness and quality of the water delivered to the
citizens of St. Louis by their waterworks system. In view of this
fact, together with the wonderful growth of the city of Chicago, there
can be no question that in the future the menace to the health of St.
Louis arising from the discharge of Chicago sewage into Illinois River
will be much more tremendous and impending than it is at the present
time, grave though the present condition may be. (2473-2477.)
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CROSS-EXAMINATION.

The witness stated, in response to a hypothetical question, that,
assuming the existence of an equal number of cases of typhoid fever
at St. Charles, Mo., and at Omaha, Nebr., and a subsequent occurrence
of the disease at St. Louis, he would attribute the St. Louis typhoid
to infection from both points. The life of the typhoid bacillus in
streams is a matter of time rather than of distance, as a general prop-
osition, but it was the opinion of the witness that no stream of water
on the surface of the earth flowing in natural channels is longenough
to warrant the absolute assurance that the typhoid germ might not
live from one end of it to the other. If typhoid-fever germs were
discharged into Mississippi River at St. Paul and no other possible
source of infection of the waters appeared, they might arrive at New
Orleans and infect the water supply of that city. (2547-2549.)

Pages 2551-2583 of the record contain the report of cross-examina-
tion directed to the witness for the purpose of ascertairing his reasons
for declaring that the increase in the number of deaths from typhoid
fever in St. Louis subsequent to the opening of the Clicago drainage
canal was due to the discharge from that canal rather than to the dis-
charge of sewage from the numerous cities located on Missouri, Mis-
sissippi, and Illinois rivers above the St. Louis waterworks intake.
The witness confessed that it was impossible to determine by technical
methods whether the virulent typhoid bacilli entering the intake
were derived from the sewage of one city or another, but held that
such demonstration was unnecessary to substantiate his claim of the
culpability of Chicago sewers. Previous to the opening of the canal
the water of St. Louis could not be considered safe at all times, by
reason of infected discharges from city sewers lying in either one of
the streams that converge above the intake, but the records show that
the conditions that prevailed during the years previous to the opening
of the canal had not been changed except that Chicago sewage had
been discharged into Illinois River through the drairage canal. If
this canal had not been opened these conditions would not lead one
to expect any material increase in typhoid mortality in St. Louis, but
the fact that the canal had been opened and Chicago sewage had been
discharged into Illinois River, and that within a short time the typhoid
in St. Louis had increased and such increase had been persistent,
demonstrated that the discharge from the canal is responsible. In
other words, the increase of typhoid fever in St. Louis must be due to
some change of conditions with reference to the pollution of the St.
Louis water supply, and the records of typhoid mortality throughout
the contributing drainage area above the St. Louis intake reveal only
one important change—namely, that of the added contribution of
Chicago sewage. Therefore the observed effect in St. Louis must be
due to that single cause.
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In closing his testimony, the witness stated that in considering the
increase in the typhoid rate in St. Louis since the opening of the
drainage canal he had used the records of deaths only. If the number
of deaths in St. Louis should show an increase and the number of
cases reported show a decrease he would still give attention to the
death record because it is the more reliable. He would never base
conclusions in a typhoid epidemic on the number of cases reported,
because a man never dies but once, and in the case of deatl, under
the laws of the United States, generally a record is made somewhere,
whereas a man may be sick of typhoid and no record of it appear.
As a matter of fact, it is a rare occurrence for more than 60 per cent
of the actual typhoid cases to be reported. Therefore the case
record is of no value. (2588-2589.)

TESTIMONY FOR DEFENDANTS.

The testimony for the defense was commenced on board the Illinois
fish commission boat Illinois July 13, 1903, the boat proceeding up
Mississippi and Illinois rivers and stopping at various points at which
local testimony was taken. At each point where samples had been
taken for examination by the experts to be produced in behalf of the
defendants, the local collectors testified as to the manner of taking
the samples, identified tags, and in all respects established the identity
of the samples to be reported in subsequent testimony. In eddition
to this the testimony of many local persons living beside or working
on the river was introduced at each point for the purpose of procuring
their views with reference to the condition of the water in the stream
before and after the opening of the drainage canal. As was stated by
the counsel for the defendants, these witnesses were not oflered as
experts on the subject, but merely as laymen who had lived and
worked on the river for considerable periods and had had ample
opportunity to observe the waters before and since the opening of the
drainage canal. The general testimony of these laymen throughout
the course of the river was that in physical appearance the water had
been greatly improved since the opening of the canal, that previously
there had been, in times of low water, a large abundance of aquatic
vegetation which frequently gave off foul odors, but that since the
opening no such growth had occurred. The testimony of stenmboat
men and manufacturers with reference to the allged improvement of
the water for boiler purposes was also presented, together with certain
important testimony concerning the discharge of industrial wastes into
the river, which will be reviewed at length in subsequent pages. The
report of this testimony covers pages 2890-3498 of the record, repre-
senting the period from July 13 to July 24, during which time the
commission convened at all important points along the river from
St. Louis to Henry, Il
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C. G. HERGET.

C. G. Herget was called as a witness in behalf of the defendants and
testified that he was manager of the Globe distillery, located at Pekin,
about one-half mile from Illinois River. At this distillery whisky
was manufactured, 90 per cent of the raw material being corn and 10
per cent rye and malt. The slop, amounting to 40,000 gallons for
each thousand bushels of grain used, was stored in tubs and fed to
cattle. At this distillery 4,400 head of cattle were kept in barns
located about one-half mile from the river. The slop was fed three
times per day to the cattle, about 3 pecks per head at each feeding,
together with hay or straw or cotton-seed hulls. The refuse from the
stables, consisting of uneaten slop and hay and the excreted dis-
charges of the cattle, the latter amounting to about 4 or 5 gallons per
animal per day, was washed from the stable into drains and deposited
in the river, where in low and medium stages of the stream it formed a
sort of island, composed principally of manure, hay, straw, and
refuse. During high water this island was cast loose and went float-
ing down the river. (3325-3331.) :

PETER CASEY.

Peter Casey testified that from 1895 to 1901 he was manager of
four distilleries in Peoria, belonging to what is known as the whisky
trust, and from June, 1901, to the date of the testimony, had been
manager of the Corning Distilling Company. Between 1895 and 1900
from 12,000 to 20,000 cattle were fed in Peoria in a manner similar to
that described in the testimony of C. G. Herget. By 1901 and 1902
the number of cattle fed had dropped to about 8,000. All the waste
slop and excrementitious matter from the cattle was discharged into
the river. The matter would accumulate along the banks for indefi-
nite periods until high water washed it away, when it would flow
down the stream in large islands, one of which was too large to pass
between the piers of the Pekin bridge and it was nece-sary to break it
up in order that it might continue on its course.

The witness stated that during recent years there had been a large
diminution in the number of cattle fed at Peoria, because of the fact
that under the contract it was necessary to feed the cattle for a period
of nine months. This made it necessary for them to continue the
manufacture of liquor whether there was a demand for the goods or
not, and they found that there was a-loss in storing high-proof spirits
not in demand, which more than compensated for th= small amount
of profit afforded by the keeping of cattle. This diminution would
probably continue because of the growth of the custom of drying the
slop by evaporation and selling it for export. (3509-3517, 3540-
3544.)
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Adolph Woolner, jr., for nine years manager of the Atlas distillery,
which has a capacity of 7,500 bushels in twenty-four hours, testified
that there had been as many as 40,000 head of cattle fed in Peoria at
one time, but at the date of testimony about 10,000 were being fed at
Peoria and from 5,000 to 8,000 at Pekin. Tt was the aim to feed about
a bushel of distillery waste per animal per day, equivalent, according
to the witness, to about 400 pounds. Based on this weight,an animal
would consume 98,400 pounds of slop in two hundred and forty days.
A steer will gain in eight months an average of 400 pounds in weight.
The witness figured that the excretions would amount to 98,000
pounds, or for the entire year 120,000 pounds; therefore the discharge
from 40,000 head of cattle would be 2,400,000 tons per year, and that
from 10,000 cattle, the number fed at the date of testimony, would
be 600,000 tons, so that the amount of pollution from the Peoria
cattle sheds will vary between these two limits. (3689-3692.)

ISHAM RANDOLPH.

DIRECT EXAMINATION.

Isham Randolph, chief engineer of the sanitary district of Chicago,
was called as a witness on behalf of the defendants, and stated that his
engineering experience began in 1868, when he entered the service of
the Baltimore and Ohio Railroad as axman. From that time until
1880 he performed engineering services for various railroads, and then
became chief engineer of the Chicago and Western Indiana LKailroad
and the Belt Railway of Chicago, remaining in that position four
years. During the next two years he maintained an office for general
engineering work in Chicago, and in 1886 entered the service of the
Illinois Central Railroad and built the Chicago, Madison and North-
ern and the Freeport and Dodgeville railroads. In 1888 he raturned
to private practice and was consulting engineer for various roads until
1893, when he was elected chief engineer of the sanitary district of
Chicago, holding this position at the date of the testimony. The
duties of this office involve responsibility for all work coming under
the term engineering, the preparation of plans and forms of contract,
and the enforcement of contracts in connection with construction.
(6607—6609.)

The witness then described the condition of Chicago River from
1880 until the opehing of the drainage canal, and gave an outline of
the sewerage system of Chicago and the effect of its discharge on
Chicago River and Lake Michigan. (6609-6613.)

The Tlinois and Michigan Canal was then described, the witness
stating that it was commenced in 1836 and completed in 1848. Tt

1RR 194—07——10
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extends from the south fork of South Branch of C-icago River in
a southwesterly direction across the divide between the drainage
areas of Lake Michigan and Illinois River to Peru, Ill., a distance of
about 96 miles. The original canal had a navigable depth of about
5 feet and a width of about 6 feet. The locks were 110 feet long and
18 feet wide. Since 1884 the ‘““summit level,” or the 29-mile stretch
of the canal extending from Chicago River to Lockport, had been
supplied with water from Chicago River by pumps lo~ated at Bridge-
port, in the city of Chicago. These pumps were supposed to have a
capacity of 60,000 cubic feet per minute, but they did not accomplish
this, and in practice the capacity ranged between 47.000 and 50,000
cubic feet. At some seasons of the year the supply of water from
Desplaines River was very small, and the canal was almost wholly
dependent on the Bridgeport pumps. This water ceme partly from
the stock yards branch and partly through South Branch of Chicago
River from Lake Michigan. It flowed through the “summit level”
at a velocity of about 1 mile per hour, and was a black liquid of very
foul odor. The water in the two pools at Joliet was as bad as that
in the canal proper at some seasons of the year, vhen Desplaines
River was low, because of the small amount of dilutior. (6613-6616.)

The following statements with reference to the drainage canal were
then made by the witness: This canal was the outccme of Chicago’s
necessities. The conditions affecting her water supply, owing to
sewage pollution in Chicago River and the lake, had become steadily
worse from the days when the city began to grow. Finally a crisis
was reached, and the city council authorized the appointment of an
expert commission to determine on a solution of the difficulties. In
January, 1886, the commission was appointed, consisting of Rudolph
Hering, Benezette Williams, and Samuel J. Artingstall, and as a
result of its labors the State legislature in 1889 passed the sanitary-
district law, under which a board of nine trustees was elected. This
board adopted the project for a waterway from Chicago to Lock-
port, which finally resulted in the construction of the drainage canal.
It follows the general location of the old Illinois and Michigan Canal,
connecting with the west fork of South Branch of Chicago River at
Robey street, Chicago, and discharging into Desplaines River at Lock-
port. (6616-6617.)

The first 7 or 8 miles of the canal is through a clay formation which
is easily dredged, and the cross section here is less at present than it
will be ultimately. It is 110 feet wide on the bottom, the side slopes
being 1 foot vertical to 2 feet horizontal, giving a surface width of 198
feet with a minimum depth of water of 22 feet. Feyond this clay
stretch a glacial drift was encountered which could not be dredged.
In this material the canal was made full size, namely, 202 feet wide on
the bottom, with side slopes of 2 feet horizontal to 1 foot vertical, a
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surface width of water of 290 feet, and a maximum depth of 22 feet.

The canal continues of this size for 5.3 miles to Willow Springs, where

rock was encountered. From this point to the outlet at Lockport the

channel is either wholly in rock or underlain by rock. The width of

the canal contracts at this point to 160 feet and the grade is increased

from 1 foot in 40,000 feet to 1 foot in 20,000 feet. The length of canal

having this cross section is 14.95 miles. Through 7 miles of this dis-

tance the sides are cut practically vertical, and wherever rock was not
found at the surface walls were built upon rock foundation to a height

of 5 feet above Chicago datum. (6617-6618.)

The controlling .works at Lockport consist of seven gatez of the
Stoney type and the Bear Trap dam. The gates have an op ning of
32 feet and operate under a maximum pressure of 62,000 pounds. The
Bear Trap dam is a structure which can be raised or lowered and is in
active use for regulating the flow from the canal, the gates being sel-
dom required. The dam is the largest structure of the kind ever
attempted, having a clear waterway of 160 feet with a possible oscilla-
tion of 17 feet. The essential parts of the dam were then described
by the witness, who stated that it was lowered and the water first
turned into Desplaines River January 17, 1900, at 11.05 o’clock a. m.
(6618-6621.)

The witness then described the bridges erected across the cenal and
the improvement of Chicago River and the Desplaines River channel
below the foot of the canal at Lockport. The cost of the construction
up to the date of the testimony was stated by the witness to be
$42,503,168. (6619-6624.)

The original sanitary district included all of Chicagonorth of Eighty-
seventh street and 42 square miles of country lying directly west of
that portion of the city, embracing in all 185 square miles. In 1903
the legislature of Illinois passed an act extending the boundaries of the
sanitary district by adding 78.6 square miles of territory on the north,
known as the north-shore district, and 94.5 square miles on the south,
known as the Calumet district. The district now includes all of the
city of Chicago, and ultimately the sewage from this entire area will be
discharged into the drainage canal, which at that time will be widened
so that it will have a discharge capacity of 825,000 cubic feet per min-
ute. (6624-6625.) .

The witness then stated that the total population of the sanitary
district was 1,942,000. In connection with the sewerage of the south-
ern district it was proposed to reverse the flow of Calumet Piver by
constructing a channel from Little Calumet River near Blue Island
southwestward through what is known as Sag Valley to the drainage
canal at or near Sag Bridge station on the Chicago and Alton Railroad.
This channel will prevent the discharge of Calumet River into Lake
Michigan at all times except in excessive floods. On the north it is
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proposed to extend North Branch of Chicago River as far as Evanston
and make a connection with Lake Michigan at that point. It will be
impossible to secure a gravity flow through this channel; therefore
pumping works will be erected designed to Lift 60,007 cubic feet per
minute. (6627-6628.)

The witness then gave the maximum and minimum discharge of the
drainage canal during the years 1900-1902, inclusive, together with
computations of dilution of sewage and weight and proportion of
sewage matter therein. This information is included in Table 43.
(6629-6633.)

TABLE 43.—Discharge and pollution of Chicago drainage canal.

. Dally water consump-
’ Population of Chicago. tion of city (gallons).
Year. o T
Discharging P
er
} Total. sevg%& i.nto Total. capita.
1900, .. e e ’ a 1,698,575 1,443,789 ' 190
1901 . .. b 1,758,000 1,494, 300 34. 813 449 195
1002, oo e 51,818,000 1,545, 300 %8 101 710 , 197
1

Discharge of channel at Dam No.
1, from weekly averages (cubic
Year. feet per minute).

. | Proportion
Qu&ntlty Proportion| Weight of ' of urine

f sewage | of sewage | urine and | and fecal
dlscha.tged to mean tecal mat- | matter to
(ga.llons per | discharge |‘er (pounds mean dis-

Maximum.| Minimum Mean. day).c of canal. | per day). chau'gel of
: : canal.
1900.. . ......... 351,088 40, 481 233,976 ' 274,209, 685 1: 9.2 3,880,183 ‘ 1:5,429
1901 ... ... 615, 392 197,124 277,153 , 291,391,432 | 1:10.2 4,015,931 | 1:6,211
1902. ... ... ... 450, 328 244, 428 295, 527 | 304, 386, 454 | 1:10. 4 JI 4,215,494 | 1:6, 310
IS
a Census. b Estimated. ¢Same as water consumption.

The quantity of sewage stated in above table is determined by
taking the amount of water consumed per capita in the city of
Chicago, as shown by the reports of the water commissioner for the
years mentioned. This sewage is compared with the mean dis-
charge of water from the Illinois and Michigan Canal, the drainage
canal, and Desplaines River where they come together at Dam No.
1 in Joliet. The absolute weight of the urine (40 ounces per capita)
and fecal matter (3 ounces per capita) given in the table is based on
the testimony of Dr. Ravold and statistics gathered from other
sources, and is compared with the total weight of water discharged
in twenty-four hours from the three sources mentioned. (6634.)

The witness then presented another table differing from the pre-
ceding only in the method of determining the amourt of sewage per
day, which in this table is based on a clause in the report of the
commission of hydraulic engineers of St. Louis, dated 1902, reading
as follows:

From observations made upon water systems of cities where the quantity of water
used is measured, it appears that in large cities the average volumes needed for domes-
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/
tic, public, and manufacturing purposes are, respectively, 30 gallons, 5 gallons, and
25 gallons per day for each inhabitant, and that any supply in excess of 60 gallons
per day per capita goes to underground leakage and unnecessary waste.

In Table 44 some of the data given in Table 43 are repeated for
convenience of reference, and the quantity of sewage is based on a
water consumption of 60 gallons per capita per day. (6636-6637.)

TABLE 44.— Pollution of Chicago drawnage canal.

\ | Propor-
Discha i channel at Dam No. | . - i i

popu | PR CLMmDIRYG, | quunuey | Fopor | Velgh ot SRt

Year. sctﬁl;rléinlg feet per minute). (i)is :ﬁ;%’ge% sewage to| and fecal |fecalmat-
sewage into! (gallons d'mia,n (mati;edr ter to

the Ganal \ peraay). |fjcharge. (pounds ooy, di-

Maximum. Minimum. | Mean. of eanal.

1900........ 1,443,780 | 351,088 \ 40,481 | 233,976 | 86,627,340 | 1:29.1 | 3,880,183 | 1:5,429

1901...._... 1,494,300 615,392 197,124 | 277,153 | 89,658,000 | 1:33.3 | 4,015931 | 1:6,211

1:34.3 4,215,494 1:6,310

1902.... ... | 1,545,300 450,328 , 244,426 | 295,527 921718,000‘ 134.3 |
. I b

The witness then presented Table 45, containing statistics of the
population of Chicago. (6641.)

TaBLE 45.—Population of Chiwcago, 1840-1903.

1840 .o 4,470 1 1890 . 1, 099, 850
1850 oo 29,963 11900 .. .. ... oo 1, 698, 575
1860 - o 112,172 12901 .o 1, 758, 000
1870 .o 298,977 | 1902 . ...\ 1, 818, 000
1880 ..o 503,185 | 1903 .o oo i 1,878, 000

The figures for 1840 to 1900, inclusive, are from the census reports;
those for 1901 to 1903, inclusive, are estimated. The proportion
of the population discharging into the drainage canal was stated to
be 87 per cent by the Federal census of 1890; 84 per cent by the
school census of 1898, and 85 per cent by the present estimates, as
shown in Table 43.

The amount of sewage discharged per day was reduced to terms of
gallons and cubic feet per minute, as follows:

TABLE 46.—Sewage discharged into drainage canal.

Cubic feet
Gulions por | Galtongper) ey
y. : minute.
7 274,209, 685 l 190, 423 25, 458
8 201,391,432 202,355 27,053
1002 . L e e e 304,386, 454 211,379 28,259

The witness presented another table showing the amount of
excreta of 100,000 persons per year, and subsequently discussed
the same with reference to the drainage canal and the dilution therein.
(6644-6645.)

. He then presented Table 47, showing the number of inhabitants
and estimated pollution of Illinois River basin. (6646.)
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TABLE 47.—Pollution of Illinois River.

| timated wat .
. . Uﬂfam. pop- Es 1111? d Wf 7e\r _sUPPl{r
Tea opula~ ulation
Drainage basin. ‘ (square | tion (cen- | (towns of Gallons per day. Cubic feet
. miles). |susof1900).| 1,000 and P per sec-

over), 1900. cap‘ia{a. Total. ond.
Desplaines River....._............. 1,758 124,855 70,748 99.3 | 7,025,000 10. 86
Dupage River....... . ... ... ....... 21,704 6,851 23.1 158, 000 .24
Kankakee River ... 5,302 192,226 44,681 53.2 | 2,377,000 3.66
Fox River......... 2,697 175, 353 81,743 47.3 1000 5.96
Vermilion River... 1,413 68, 601 27,631 70.1 | 1,937,000 2.99
Mackinaw River. - 1182 47,296 10,924 37.1 405, 000 62
Spoon River....................... ! 1,905 81,782 28, 519 40 1,141,000 1.76
Sangamon River.............. .. ... 5,592 303,096 133,632 91.4 | 11,215,000 17.28
Crooked Creek..... ) 1,286 54,574 14,344 13.9 99,000 .30
McKeesCreek.......... ... ... ... ... 16, 461 5,624 32 \ 180,000 .28
Macoupin Creek. 1,000 46, 362 15,778 32 1 505,000 .77
Illinois River (directly) e 379,077 177,189 65.5 | 11,606,000 17.89
Peoria industries. ..............._.. [ T IR 15,000, 000 23.11
Total. ..o ’ .......... ‘l 1,511,387 / 617, 664 65.7 | 55,614,000 85.72

The discharge of the Illinois is estimated as follows:
Discharge of Illinois. River.
Cubic feet
per secord.
Discharge of Illinois River at Kampsville October 20, 1891 (according to

United States engineers) . ... ... ... .o il 1,452.7

Less discharge of Illinois and Michigan Canal _............. ... .. ... ..... 600
Natural discharge of river at Kampsville........ ... ... .. ... ... ... 852.7
Add for basin of Macoupin Creek. ... ... ... ... ... . ... 147.3

Natural discharge of Illinois River..... ... ... . ... .......... 1, 000

- The sewage produced by the urban population, tased on water
supply as shown in table, is 85.72 cubic feet per second, or, when
reduced to a basis of 60. gallons per capita per day, £7.19 cubic feet
per second. Dividing 1,000, the natural discharge of the river, by
57.19, the amount of sewage, gives a ratio of pollution of 1 to 17.48,
as against the drainage-canal pollution of 1 to 34.3.

After discussing the items in the above table the witness stated
that his conclusion was that the ratio of pollution in Illinois River
due to the urban and rural population naturally draining into its basin,
exclusive of all sewage coming from Chicago, was greater than the
present ratio, resulting from the combination of this natural pollution
with the discharge from the drainage canal. The discharge from the
canal being omitted, the proportion of pollution to diluting water is
1 to 17.48, whereas the proportion in the canal (see Table 44) is 1 to
34.3. (6647-6648.)

The witness then described and discussed the physical characteris-
tics of Desplaines and Illinois rivers throughout the length of their
channels. (6650-6651.)

He then presented a map showing the population of the drainage
areas of Illinois, Mississippi, and Missouri rivers above St. Louis and
stated that the population of the Illinois basin, exclusive of Chicago,
was 599,751, and with Chicago included, 2,298,326 ; of the Mississippi
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~asin above Grafton, 1,839,586, and of the Missouri basin above the
mouth of the river, 1,650,594, giving a total population above St.
“.ouis of 5,788,506. (6653-6655.)

The witness then entered into a detailed discussion of river flow
and gaging, covering all the streams above mentioned. (6655-€667.)
He introduced into evidence a profile of the entire waterway from
Lake Michigan to Cairo, Ill., which is reproduced herewith as
Pl II.

The witness then described some float measurements made for deter-
mining the velocity of the river from Chicago to St. Louis. Wooden
balls were put in the river at Lake street and allowed to float down to
Robey street, a man following in a boat to ascertain the time required
in transit. From Robey street to Lockport the velocity was com-
puted from the known volume and cross section. From Lockport
to St. Louis floats were used of the same general character as those
described in the testimony of Mr. Van Ornum. These floats were
followed throughout the distance, part of the time on shore, because
a boat could not be taken through the rapids. They were kept going
night and day except when accidents of any kind stopped the work;
on such occasions they were taken out and the time noted. Through
the rapids wooden balls were substituted for the floats. The river
at the time of this measurement was at a fairly full stage, somewhat
above that which might be called the mean stage, but not anyvthing
like a maximum flood flow. The results are contained in Talle 48.
(6667-6670.)

TABLE 48.—Results of float measurements from Lake Michigan to St. Louts.

| Corrected in- .

Interval. terval. Total time.
Days. h. m. | Days. h. m. | Days. h. m. Days
Lake street to Robey street ... ... ... ... ... .. 0 5 3 0 6 52 0 6 52 0.3
Summit.............. ' 5 42 5 42 12 32 .5
‘Willow Springs.. 7 22 7 22 19 54 .8
Controlling works I 18 54 18 54 1 14 48, L6
Joliet 1 58 2 28 1 17 16 ] 17
Lake Joliet. 1 24 1 45 119 1 18
Through Lake Joliet. . . 2 15 2 49 1 21 50 1.9
Kankakeecut-off ... .. ... ... ... ... - 3 40 4 35 2 2 25 2.1
MoOTTiS. el . 8 11 10 14 2 12 3¢ 2.5
SeIeCA - .. vt i 7 45 9 41 2 22 2 2.95
Marseilles. ........ ... ... . 6 45 8 26 3 6 4€ 3.3
.................... . 3 25 4 16 3 11 2 3.45
.................. . 5 55 7 24 3 18 2¢ 3.75
i 5 30 6520 4 118] 405
! 1 0 31 1 6 39 5 7 567 5. 35
| 8 48 1 0 5 18 57 5.8
2 21 15 3 14 34 9 9 3 9.4
10 2 12 32 9 22 3 9.9
Copperas Creek dam 13 43 17 9. 10 15 12 10. 65
FAVANR . . oemeomee oo e 14 31 18 9l 1 9 27 114
Louderbach.......... R | 15 36 18 43 12 4 4] 1215
Frederick............. e .. 0 0 12 30! 12 16 34 12.7
Beardstown..... .. ... ... ... ..... A 1 58 2 22 12 18 56 12.8
Lagrangedam._... ... ... ... .............. .. 10 24 13 0 13 7 56 13.35
Griggsville. .. ... ... 12 53 16 6 14 0 2 14
Pearl.. ...l .. .. 16 52 21 5 14 21 7, 149
Kampsville dam. . 12 52 % 5| 14 13 12] 1555
Hardin. . [ 12 44 15 55 % 5 7 16. 2
Hadleys 10 24 13 0 16 18 7 16. 75
Grafton 17 47 22 14 17 16 2° 17.7
Alton. . 7 40 9 3| 18 1 5% J 18.1
Merchants’ Bridge.............. N . / 6 51 8 34 18 10 30 18. 45
Eads Bridge. . oo eimiiiii e 58 1 10 18 11 40 } 18.5
]
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Counsel for the defense then directed the attention of the witness
to various reports made by the health commissioner of the city of St.
Louis, together with the resolutions adopted by the city council and
a draft of a bill introduced in Congress, all relating to the matter of
pollution of St. Louis water supply by the effluent from Illinois River.
(6672-6688.)

CROSS-EXAMINATION.

The cross-examination of this witness brought out no new facts or
opinions.
RUDOLPH HERING.

DIRECT EXAMINATION.

Rudolph Hering, a witness called in behalf of the defendants,
qualified as an expert by making the following statements: He was
a member of the firm of hydraulic and sanitary engincers composed of
Rudolph Hering and George W. Fuller. He took the course in civil
engineering at Dresden, Germany, in 1867, and after returning to
America began his engineering work at Brooklyn, on Prospect Park,
and then went to Philadelphia, on Fairmont Park. From 1873 to
1880 he was first assistant engineer in charge of bridges and sewers
in Philadelphia, and in the latter year was commissioned by the
national board of health to examine and report on KEuropean sewer-
age systems. Since that time he had been consulting engineer for
the waterworks and sewerage systems of many cities, including
Philadelphia, Cleveland, Chicago, New York, Baltimore, New Orleans,
and Washington. (6975-6978.)

The witness stated that in March, 1886, he was engaged as chief
engineer of the drainage and water-supply commission of the city of
Chicago, and in that capacity made investigations with reference to
obtaining pure water and scientific drainage for tl'» city. A pre-
liminary report was made in January, 1887, giving the general con-
clusions which had been reached up to that time. "he witness then
read a part of this report, which appears in the record of testimony,
pages 6980 to 6990. Commenting on the facts ard conditions on
which the conclusions were based, the witness stated that the propo-
sition was somewhat novel, and that in order to reach a safe conclusion
in regard to the size and other conditions for the proposed drainage
canal it was necessary for him to study all the facts bearing on the
subject which could be ascertained both in Kurore and America.
He found at the outset that the problem of water pollution was
distinct from that of setting up a standard of purity based on the
minimum allowable proportion of sewage. If the weter is to be used
for drinking, it should evidently be considered in a different light than
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if mere inoffensiveness were required. The question was very differ-
ent at that time from what it is at the present day, and the best
information available was afforded by the observations of Dr. John
Rauch, secretary of the State board of health of Illinois, who, in making
investigations on the gradual change of the water of the old Illinois
and Michigan canal after it entered Illinois River, had fixed a unit of
flow of water equal to 180 cubic feet per minute for every thousand
persons draining into the river at Chicago as sufficient to obviate any
substantial injury to the water. From the results of other investiga-
tions made by the witness, he concluded that the Chicago drainage
canal should have a sufficient capacity to carry water at the rate of
240 cubie feet per minute for each thousand persons. With reference
to the subject of dilution in the above connection, the witness stated
that if the foul water of a community is to enter a stream used for
drinking purposes, it is imperative to purify either the water or the
sewage, but if such stream is not used for water supply so complete a
purification may not be required, as it is then necessary merely to
prevent a nuisance. It is impossible to prevent all disease germs from
going into a watercourse. The rain falling on the streets, fields, and
forests and discharging into the streams must carry along the dust of
the air and of the ground and myriads of bacteria, including disease
germs. Parts of the intestinal discharges of animals, birds, and
insects must also be washed in, and altogether much injurious matter
is carried into watercourses by the rain; therefore, inasmuch as it is
impossible to prevent river pollution, all surface-water supplies must
be purified. (6990-6993.)

After the report of the drainage and water-supply commission was
published, the Massachusetts State board of health made some investi-
gations, and from this information the witness had compiled Table 49,
which he then presented. (6995.)
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TaBLE 49.—Calculated composition of sewage of different degrees of dilution in a running

stream.
Amount of flowing Composition of sewage (parts per
water. 100,000)
Cubic feet Ammonia. Remarks.
Gallons :
er second o |-——————— | Dissolved :
PBer 1,000 | Per capity | e | Albumi-| solids. | Chorine
persons. | Perday. © 1 noid
0.062 40 4.50 0.90 1 65.4 12.6
-077 50| 3.60 72| 523 10.1
.093 60 3.00 .60 45.3 8.4
.108 70 257 | 52 37,1 7.2
124 80 2.25 .45 32.7 6.3
. 140 90 2.00 .40 29.1 5.6
. 155 100 1.80 .36 26.2 5.0
.186 120 1.50 .30 21.8 4.2 || Ditution is
232 150 1.20 .24 17.4 3.4 offensive.
2310 200 9 | .18 13.1 2.5
.388 250 .72 ' W14 10.5 2.0
.465 300 .60 .12 8.7 1.7
) 323 .5580 .114 8.10 1.56
1 646 .2790 L0557 4.05 .78
1.5 969 .1860 .0371 2.70 52
2 1,292 .139 ; .0278 2.02 .39
2.5 | 1,615 A6 | L0023 1.62 .31
3 1,938 0030 | .0186 1.35 126
4 2,584 .0697 .0139 1.01 .19
5 3,230 L0558 ! L0111 .81 .16
6 3,876 L0465 0093 .67 13
7 5,622 .0399 . 0080 58 11
8 5,168 0349 0070 .51 10
9 5,814 0310 0062 .45 09
10 9,463 0279 0056 .40 .08
15 9,694 0186 . 0037 .27 .05 || Dilution is
20 12,926 0139 .0028 .20 .04 not of-
30 19, 389 0093 .0019 .13 .03 fensive.
40 256,852 .0070 L0014 .10 .02
50 32,315 . 0056 .0011 .08 .02
100 64,630 .0028 | . 0006 .04 .01
|

In discussing the above table, the witness stated that in applying
the factors it is necessary to take into consideration each specific
case, because no single rule applies to the great differences found
in streams. He called attention to the two lines drawn across the
table, Above the upper line conditions are indicated where the dilu-
tion is in all cases offensive; below the lower line the dilutions expressed
have never been found to give offense; between the two lines the con-
ditions are debatable, and it is thie duty of the engineer to select between
these limits that dilution that conforms to local corditions. In con-
nection with the drainage canal he had adopted the standard of 4
cubic feet per second per thousand persons, because in the state of
knowledge at that time he did not feel justified in rechmmending a less
dilution. Subsequently, the amount was reduced to 3.33 feet per
thousand persons, and on that basis the canal was constructed. (6996.)

The witness then presented Table 50, based on population and flow
of the drainage canal, showing approximate dilutions. (6997.)

®



TESTIMONY OF RUDOLPH HERING. 155

TaBLE 50.—Flow of drainage canal.

[ . [ Maximum. ! Minimuom. Mear.
Population ] '
Year dlssilzfggéng | Cubic feet, | Cubic feet | Cubic feet | Cubic feet | Cubic feet | Cubic feet
. into t%e per minute,| per second |per minute, per second per minute,| per second
canal weekly |per 1,000 in-. weekly |[per1,000in-| weekly |per 1,000 in-
| : average. | habitants. | average. |habitants. | average. |habitants.
1900 ... ... 1,443,789 351,088 4.05 40, 481 0.46 233,976 2.70°
1901..... . 1, 494, 300 615,392 6.86 197,124 2.19 277,153 3.09
1902, ...l 1, 545,300 450, 328 4.85 244, 426 2.63 295,527 3.18

The witness then stated that in figuring out the matter of dilution
he had considered first the habitations and cities which lie along the
drainage canal and Desplaines and Illinois rivers, in front of which
the water was to pass. As the dilution would become greater by
the inpourings of the tributaries of these rivers, it was to be presumed
that what would be a satisfactory dilution in the canal would be still
more satisfactory with the greater dilution below. The advances
made in the subject of sewage disposal since his recommendations
had not changed his views concerning the Chicago problem, and were
he to make another recommendation it would be practically the
same as that which had been carried out. (6998-7000.)

The witness then introduced a chart, entitled ‘‘Schematic repre-
sentation of the self-purification of the waters of Missouri, Mississippi,
and Illinois rivers, between points indicated, based on the lergth of
life of the typhoid bacillus as fixed by experiments made under the
direction of Hiram F. Mills.” This chart contained profiles of Mis-
souri, Mississippi, and Illinois rivers above St. Louis, and the witness
pointed out that the Missouri is the steepest of the three, falling from
Omaha, at an elevation of 960 feet, to St. Louis, at an elevation of
380 feet above sea level; the Mississippi falls from Minneapolis, at an
elevation of 794 feet, to 380 feet at St. Louis; the Illinois and the
drainage canal fall from an elevation of 578 feet at Lake Michigan to
400 feet at Grafton and finally to 380 feet at St. Louis. The distance
from Omaha or Minneapolis to St. Louis by water is about 680 miles
and that from Lake Michigan to St. Louis by water is about 400
miles. Therefore it will be seen that the velocity of Missouri River
is the greatest of the three and that the Illinois is the flattest and
has the lowest velocity. The chart also presented certain deductions
made on the basis indicated in the title, namely, the longevity of the
typhoid bacillus as determined by Hiram F. Mills. In Miils’s report
it is attempted to prove whether typhoid germs would survive in Mer-
rimac River water at the low temperature of the month of November
long enough to pass from the Lowell sewers to the service pipes in
Lawrence. A series of experiments were made by the Massacl usetts
State board of health by inoculating water from the service pire with
typhoid-fever germs, keeping the water in a bottle surrounded by ice,
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and each day taking out 1 c¢. c¢. and determining the number of
typhoid organisms. The number continually decfeased, but some
survived about twenty-four days, as follows:

Number of typhoid-fever germs surviving in water at about freezing point.

Firstday........................ 6,120 | Fifteenth day............ ... .... 100
Fifthday....... ... .. 3,100 | Twentieth day. ... ... .. ....... 17
Tenth day ....coooooneaioa. .. 490 | Twenty-fifth day.... ... ... ... 0

The ordinates of the curves presented on the chart represented the
relative number of typhoid bacilli still living at the various points
indicated, it being assumed in the absence of other information that
the number of germs is directly proportional to the population. So
far as the average flow of water is concerned, C-icago is about
eighteen and one-half days distant from St. Louis, Kansas City six
and three-fourths days, Omaha eleven and six-tenths days, and Min-
neapolis and St. Paul are about fifteen days. The conclusions to be
drawn from the chart are that the relative proportions of typhoid
bacilli arriving at St. Louis from populations on Illinois, Missouri,
and Mississippi rivers, below Chicago, Omaha, and Minneapolis, are
about as 13 to 96 to 107, respectively. These figures are merely the
proportions. They indicate the relative frequency of the still viru-
lent typhoid bacilli arriving at St. Louis from various cities on the
three rivers, based on the population of the cities snd the determi-
nations made by Mills as above outlined. (7002-7003.)

The witness expressed the opinion that the waters of Illinois River
above Grafton, of Mississippi River at the same point, and of Missouri
River above its mouth were not fit for domestic consumption in the
raw state either before or after the opening of the Chicago drainage
canal, and that the discharge of the drainage canal into Illinois River
makes practically no difference in the method of construction or cost
of operation of a suitable filtration system for St. Louis. Under the
assumption that the water was to be taken from the present intake
at Chain of Rocks, he added that in providing for such a filtration
system he would first procure some satisfactory evidence as to the
turbidity of the water, because that affects the manner of treatment
more than anything else, and after that he would consider the pollu-
tion of the river and the number and kind of bacteria contained in the
water, because the treatment that would remove the suspended mat-
ter from the water of Mississippi River at St. Louis would also remove
the greater part of the dangerous bacteria. He stated that he would
give no consideration to the sewage from Chicago, bacause it would
be too small a factor in the problem to materially affect any recom-
mendation; moreover, the operation of such a filter would not require
a higher degree of skill or more expensive attendance under the present
conditions than it would before the opening of the canal. (7000-7007.)
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CROSS-EXAMINATION.

The witness reviewed the suggested measures presented in his report
to the city in 1886, by which purification of the Chicago water supply
could be brought about. Besides the construction of the canal, there
was a proposition to remove the sewage to lands adjacent to the city
and dispose of it by broad irrigation, and another to continue the dis-
charge into Lake Michigan under much improved conditions, namely,
that the intake for the water supply should be located as far as prac-
ticable from the point of sewage discharge and that the sewage should
be treated by screening so as to deprive it of the grosser pollution and
in that way make it more unobjectionable and more rapidly dis-
persed. He was of the opinion, however, that this was not a satisfac-
tory method. He stated that discharge directly into the lake rather
than by way of Chicago River was preferable because the river was
loaded with an accumulation of organic matter, collected during those
times when the flow was very slight, and whenever there was leavy
rainfall all this accumulated matter would be carried out to one of the
water intakes, whereas in the method of lake dilution there would be
a continuous discharge and no sudden rush of an accumulation of
filthy matter, so that its effects would cover smaller areas. He noted
on one occasion, for example, the effect of such a sudden discl ~rge.
Shortly after a {reshet he followed the river water out into the lake
until dark and computed that within an hour’s time, approximately,
the water would reach the intake crib and then go to the pumping
station and be delivered to the residents. He therefore retuned
to his home, which was located close to the pumping station, and
observed the condition of the water in the bathroom during the entire
night. Early in the morning the water running into the batl tub,
which had been comparatively clear and pure, became foul smelling.
(7021-7023.)

The possible pollution of the Chicago water supply from the sewers
of Milwaukee was discussed by the witness, who stated that the dis-
tance was about 90 miles and that, according to observations, the veloc-
ity of the currents in the lake sometimes reached 2 or 3 feet per second,
though usually less. In response to requests of the cross-examiner he
estimated that, with a current from the north having a velocity of 2
feet per second, it would require seventy hours, or about three days, for
the Milwaukee sewage to reach the Chicago intake, and he then stated
that the assumption was false and that no Milwaukee sewage could
reach the intakes, because the water near the lake shore does not move
in a parallel direction to the shore, but there are cycloidal motions and
the water passing the Milwaukee sewage outlet would be so dispersed,
eventhough the windswere favorable, that that particular water would
not reach Chicago for weeks and possibly months. (7025-702€.)
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JACOB A. HARMAN.

Jacob A. Harman, called as a witness in behalf of the defendants,
outlined an extensive engineering experience and steted that for the
five years previous he had been consulting engineer tc the State board
of health of Illinois. The purport of the testimony was to show the
flow of Illinois River and its various tributaries and to discuss the
same. The full testimony occupies pages 6847 to 6868, and the most
comprehensive results are contained in Table 51.

The witness then stated that he had made an investigation of the
sewerage system of St. Charles, Mo., March 10 and 11, 1903. This
city is located on the left bank of Missouri River at a distance overland
from the business district of St. Louis of about 16 miles. All the
sewers of the city drain into the river. The land rises abruptly from
the river bank, and, at a distance of three or four blacks back there-
from, the elevation is 100 feet or more above the stream. The drain-
age of all the business district and nearly all of the residence district
therefore flows directly into the river. A part of the residence dis-
trict drains into the Mississippi. St. Charles is not provided with a
complete sewer system. There are four public sewers, ranging from
three or four blocks to eight blocks in length, and many private sewers
from hotels and business houses leading direct to the river.

It was brought out on cross-examination that although less than
one-third of the area of St. Charles is sewered a somewhat larger per-
centage of the population is connected with sewers. (6863-6864,
6867.)

JOHN H. LONG.

DIRECT EXAMINATION.

John H. Long, called as a witness in behalf of the defendants, quali-
fied by stating that he was a teacher of chemistry at Northwestern
University, Chicago, and had held such position for twenty-two years.
Prior to that he had taught in Wesleyan University, at Middletown,
Conn., and for seven years previous had been engaged in the study of
chemistry. He graduated from the University of Kansas in 1887,
and for three years thereafter had studied in the German universities
at Tubingen, Wirzburg, and Breslau. He further stated that he was
a member of several American and foreign scientific societies, the
president of the American Chemical Society, and the author of a num-
ber of works on chemistry. His studies had been confined mainly to
the lines of sanitary and physiological chemistry. Between 1885 and
1890 he was chemist for the board of health of Chicago and since 1885
had been chemist for the Illinois State board of health. (3984-3986.)
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It is apparent that the witness had had a long and intimate experi-
ence with the general problems connected with the water supply and
sewage disposal of the city of Chicage and the Illinois River basin, as
his testimony contains a large amount of historical matter in connec-
tion with the development of both these improvemerts. (3986-3995.)

The investigations of the witness, begun in 1885, included the exam-
ination of a great many samples of water from the Chicago avenue,
Evanston, Lakeview, and Hyde Park tunnels. (3995.)

The next examinations, in 1886, comprised a study of samples of
the river and canal water taken weekly from Bridgeport, Lockport,
Joliet, Ottawa, La Salle, and Peoria. Another series of examinations
of water taken from the same points began in December, 1886, and
was continued through the cold monthsinto March, 1887. The results
of these examinations were published in the reports of the State board
of health for that period. (3996-3997.)

The next investigations were made two years later, beginning May
1, 1888, and extending to about the middle of November. The sam-
pling points in this series were as follows, including, besides those
above mentioned, several points below Peoria to the mouth of the
river at Grafton: Bridgeport, Lockport, Joliet, Morris, Ottawa, La
Salle, Henry, Peoria, Pekin, mouth of Copperas Creek, Havana,
Beardstown, Pearl, and Grafton. During the same investigation a
number of samples were taken from Dupage, Karkakee, Fox, Ver-
milion, Little Vermilion, and Sangamon rivers, tributaries of the Ilki-
nois. All these samples were taken from appropriate points above
the confluence of each stream with Illinois River. These results were
published in the preliminary report of the State board of health for
1889. The witness stated that he wished to explain this preliminary
report, which had been extensively quoted by the witnesses for the
plaintiff and attracted considerable attention at the time it was issued.
It was brought out by the secretary of the State board of health for
the use of some committee of the State legislaturs in a very great
hurry. The work of printing the report was begun but a few days
after the completion of the last analysis, so that the work must be
regarded as only of a preliminary character, and while the details
were complete the text and explanatory matter was comparatively
meager. The full report, which was subsequently rnut into the hands
of the secretary, was lost in some manner and never printed. The
results in the preliminary report are essentially correct so far as they
could be made so in the extremely limited time for preparation, and
the averages of results are practically correct. (3992-3999.)

The next investigation wasmade of the water in the neighborhood
of the Bridgeport pumps, Chicago, in the winter of 1890 and 1891, the
object being to show the relative amounts of pollution coming from
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the stock yards and from the rest of the city. Samples were taken from
the large sewers leading from the stock yards, and from the so-called
Brennock sewer and the Ashland avenue, Halstead street, and Thirty-
ninth street sewers, all representing the bulk of the sewage aside
from that contributed by the stock yards. (3999-4000.)

The witness was then requested to take each series of investiga-
tions and describe fully how the samples were collected and deliv-
ered and where the analyses were made, stating in reply that those
for the series of 1886 were collected by Doctor Rauch, secretary of
the State board of health, through the health officers of wvarious
towns, and sent in jugs packed in boxes to the laboratory of the
Northwestern University Medical School. The later samples were
collected in the same way and sent to the Northwestern University
School of Pharmacy. He then proceeded to describe the methods
used in making and interpreting the analyses and the importance of
the various determinations. (4000-4010, 4026-4027.)

The witness then recited the results of his examinations of the
water of the Illinois and Michigan Canal and Desplaines and Illinois
rivers, made in 1886. These results are given as averages of twelve
samples taken at each of the sampling points and are included in
Table 52. (4028-4029.)

TABLE 52.— Average results of partial analyses of water from Illinows and Michigan Canal
and Desplaines and Illinois rivers during the summer of 1886.

[Parts per million.]

| Distance . i

Albumi- - .
bel Free am- '~ Oxygen
Place noid - -
Bridgeport monia. cosumed.

i (mﬁeg l ammonia.
Bridgeport 0 1. 633 26.563 | 26. 20
Lockport 29 L7583 12.733 11.01
Joliet.._........... 33 432 9. 426 9.34
Ottawa............ S 81 .243 413 5.30
PeOTia. .o e 159 .194 .027 4.81

!

In interpreting the results set forth in the above table, the witness
stated that the analyses show beyond question a marked destruc-
tion of organic matter in the water flowing between Bridgeport and
Peoria. In the opinion of the witness, this destruction was due
mainly to bacterial oxidation. The water at Peoria was practically
potable and actually used by a large number of people.

The results of the investigations in the winter of 1886-87 are set
forth in Table 53. (4030-4031.)

IRR 194—07——11
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TABLE 53.—Average results of partial analyses of water from Illinos and Michigan Canal
and Desplatnes and Illinois rivers during the winter of 1886-87.

[Parts per million.]

Distance :
Albumi-

Place. . Brli)s‘l%wort noid F];egn?arln i : Cooll)éygneéld
(mﬁeg). | ammonia. . u: .

0 3.7 9.7 22.4

33 2.2 6.5 11.3

81 .78 4.7 9.0
159 47 1.7 6. 45

Referring to the above results, the witness stated that there was a
very considerable destruction of organic matter ir the water as it
flows from Bridgeport to Peoria, but mueh less than that shown in
Table 52, indicating unmistakably that oxidation is much less marked
in cold than in warm weather.

The witness then presented a summary of the results of examina-
tions made from May to October, 1888, and during 18%9. (4031-4040.)

TaBLE 54.—Analyses of water from Illinois and Desplaines rivers at designated points,
May to October, 1888, and during 1889.

[Parts per million.]

Number of . Suspended Albuminoid :
analyses. Total solids. matter. ATNITONIA, l Free ammonia.
1888. | 1889. | 1888. | 1889. | 1888. { 1889. | 1888. | 1889. ’ 1888. | 1889.
h i
29 9| 471.2 376.6 | 120.2 | 27.2| 2.558, 2.806 | 12.2563 8.925
24 8| 431.2 408.6 | 69.80 " 24.6 | 1.990 | 2.489 | 10.882 8 149
26 8 | 442.7 432.8 | 107.9 55.5| 1.681 | 2.666 | 8932 8 488
24 8 | 355.9 325.2 | 30. 29.1 L707 | 1.587 | 4.107 4.716
23 9| 345.7 417.6 | 50.30 93.8 526 -637 636 1. 456
19 5| 306.0 316.0 | 27.50 30.9 481 - 404 . 467 1. 059
19 6(320.75( 331.0 | 54.27 26.9 522 . 549 .210 1. 637
16 6| 353.0 352.0 | 84.3 43.5 650 { 1.015 645 1. 591
25 Y |301.78 ( 354.4| 45.4 .8 430 . 585 342 1.078
24 6 | 390.0 317.8 | 84.7 56.3 380 . 357 202 762
12 9 | 301.6 410.8 | 50.3 44.6 483 .722 095 .875
15 8 1278.6 309.9 | 75.2 61.3 356 . 396 166 . 422
Nitrates. Oxygen consumed. Chlorine. Hardness as CaCO3.
1888. 1889. 1888. 1889. 1888. 18R9. 1888. 1889.
0 23. 113 26. 502 46.811 62.934 201.3

0 16. 230 22. 820 46, 120 56, 083 207.7 |.

0 14.301 21.717 43. 658 57.17 216.8 |.

0 10.92 10.696.| 32.149 28,748 214.8 |.

.942 8. 558 8.582 19.717 13.105 211.7 |.

.962 8. 657 8. 626 17. 660 11. 691 202. 4 |.

. 510 9. 769 9.611 12,358 12. 860 199.7 |.

1. 259 9. 410 13.358 16.152 11.792 204.6 |

.414 8.142 9. 234 11. 583 9.277 204.2 |.

.996 7.354 5. 505 7.524 6.933 204.9 |.

. 087 7.300 9. 818 9. 205 7.523 242. 4 |.

317 7.356 7. 562 4.083 5.834 169. 4

These results, according to the witness, show a purification of the
river between Bridgeport and Grafton. The diminution in organic
.matter is due to two important factors—the dilutior of the stream by
water from various tributaries and the destruction of organic matters
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~y oxidation, that term being used in a broad sense. Oxidation is
much more important than dilution, as indicated by the chanye in
chlorines, a condition being finally reached in which the organic mat-
“er\s not greater in amount than in the unpolluted streams com-
-nonly found in that part of the country.

The witness then presented the results of the examination of sam-
mles of water taken from important tributaries of Illinois River at
~veekly intervals from May 4 to September 21, 1888. The means of
these results are given in Table 55. (4040-4071.)

TABLE 55.—Average results of analyses of weekly samples of water from Illinois River
tributaries at designated points and dates in 1888.

[Parts per million.]

}-c'; ' = | Nitrogen as— | &
£ .| . o
Place of coll P'd‘lddgd‘g EEIER <7 g
; ace of collec-| Period include: o =3 : i . ;
Tributary. tion. inaverage. |85 9 | a9 2% é,aﬁ g g;E g g
< 3 . E g b = E i} g ,E
§ | £ |z |ZG|8 | & X = E]
b= & jm (4% m | & | o ) 2]
Dupage River.. | Channahon...| Aug.10-Sept. 21 7; 294.7, 14.1]0. 346‘0. 417(0. 307  4.743 5.786] 244.8
Kankakee River.| Wilmington ..| May 4-Sept. 21 19| 251.4 35.6| .585 .114) .094f 12,661 1. 015‘ 164. 1
Fox River...... Ottawa....... May 14-Sept. 17 | 18, 330. 31 40. 3| . 463 .278| .027| 7.066| 4.974 242.1
"ﬁ}'milion La Salle...... May 7-July 16 7‘ 450.6 87.8| .341! .049 3. 348] 6.914 5. 461 255.8
1ver.
Little Vermil- |..... do........l..... do.......... 7, 375.1) 30.8| . 411| . 180 . 362 7.15 | 5. 664! 210.2
ion River. |
S %n g amo n ; Chandlerville.| July 10-Sept. 3 8‘ 317.8, 70.7| .285| . 053 . 755 5.480 3.609; 212.0
iver. ]
1 |

In explaining the mean of the determinations of samples from
Dupage River the witness stated that the average given includes only
*he last seven determinations—namely, from August 10 to Septem-
“er 21—because there was some uncertainty about the point of collec-
tion of the samples taken prior to August 10, and therefore he had
omitted them in making up the summary. Inasmuch as the results
of the individual analyses are not given for Dupage River in this
review, it should be stated that the samples taken previous to August
10 indicated a far higher degree of pollution than those which are
actually included in the mean, and if all were included—that is, if the
average was made from the results of the 21 analyses reported—the
amounts would be greatly increased. The suspended solids, allumi-
noid ammonia, and oxygen consumed would be increased about 25
per cent, the nitrates 100 per cent, the chlorine 400 per cent, and the
free ammonia 600 per cent. The mean actually used by the witness
does not include the spring and early summer samples, and unless
this is understood errors may arise in the comparison of the meen for
Dupage River with that of the other tributaries. In order that there
may be no errors from such a comparison, a statement of the period
during which the samples were taken to make up each aversge is
included in the table. ‘
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The witness then stated that a comparison of the results of the
analyses of Illinois River water taken above Grafton with the results
in Table 55 indicated that a condition of organic purification at its
mouth had been reached comparable with or similar to that found in
the tributaries; in fact, that this reduction had proceeded to a point
at which apparently the limit of oxidation of the orzanic matter had
been reached, and the organic residues that were lef' were of a stable
type, very resistant to all oxidizing influences, a cordition character-
istic of organic matter of vegetable rather than of animal origin. Tt
was further stated by the witness that the water at the mouth of Tlli-
nois River is better than that of Kankakee, Fox, and Little Vermilion
rivers, and that the average of all the results from the tributaries
showed a condition of organic impurity as great as that of the Illinois
at its mouth. (4072-4076.)

Continuing his discussion of the results for 1888 end 1889, the wit-
ness stated that Table 54 shows a considerable reduction of organic
contamination between Bridgeport and Grafton, although much less
in 1889 than in 1888. The difference is particularly noticeable in the
oxygen .consumed and the albuminoid ammonia and in a less degree
in the free ammonia. These three determinations are particularly
instructive in the samples taken at Pekin during the vriinter. Whereas
in the summer the amounts of organic matter as disclosed by these
determinations do not appear to be excessive, during the winter of 1888
and 1889 the evidence shows a largely increased organic contamina-
tion, the explanation for which is not difficult. During the summer,
in the stretch of river between Peoria and Pekin, which is nearly
level for 8 or 10 miles, an enormous bacterial or ferrentative decom-
position of organic matter occurs, as is shown by the rapid evolution
of gases and the general appearance of the stream, so that roughly
this stretch may be compared to a great septic tank in which hundreds
of tons of organic matter are constantly undergoing decomposition.
This rate of decomposition varies according to the temperature, and
therefore in the winter season the rate is much lower, so that at Pekin,
below the distilleries and cattle sheds of Peoria, the enormous pollu-
tlon, as shown by residual albuminoid ammonia and oxygen con-
sumed, indicates fresh and recent additions. The consideration of
these figures shows that beyond any question whatever the addition
of filth at Peoria is a very important factor in accounting for the
organic matter in the river below. Another feature of importance
is the high free and albuminoid ammonia and oxygei consumed in the
samples taken from Ilinois River at Grafton, where the individual
analyses show great variations. In the last examinations, made in
March, 1899, these factors were unusually high. Tt is evident that at
that time the river must have received a greatly increased amount of
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contamination, possibly from the breaking up of ice and the washing
down of accumulated filth. (4079-4081.)

The witness then testified with reference to some investigations
made in the winter of 1890 and 1891, to determine, if possible, the
proportion of organic matter discharged from the sewers of the city to
that from the stock yards and the proportion passing the pumps at
Bridgeport. Altogether about 130 analyses were made. The water
was collected daily through a considerable period at fifteen-rinute
intervals. The collections were united in large hogsheads, thoroughly
mixed, and a composite sample taken each day for analysis. The
analyses were made to determine the total organic matter as accurately
as possible, and also the nitrogen, from which a check calculation was
subsequently made. As a result of these examinations, the witness
estimated that the organic matter discharged from the city and the
stock-yard sewers in the neighborhood of the Bridgeport pumps
amounted approximately to 240 tons daily. The examinations were
made as follows: Measured portions of the sample were evaporated
to dryness in a platinum dish and the residue incinerated by what is
known as the Drown method. In all cases this test was made, from
500 cubic centimeters to 1 liter of sewage being used, according to its
concentration. A determination of the total organic nitrogen was
made by the Kjeldahl process. Similar examinations were made of
the water as it passed the Bridgeport pumps to determine what part
of the organic matter was probably decomposed within the city and
what part actually passed through the pumps into the canal. Tt was
found in one series of investigations that about five-sixths of the sew-
age passed through the pumps, the remainder being decomposed
inside the city. In the warmer months a very much larger propor-
tion of the organic matter was decomposed in the city than in the
colder months. (4095-4098.)

The witness then stated that a comparison of the results obtained
in the examinations of 1886 with those of 1888 and 1889 indicated
increased pollution of Illinois River at Peoria. (4098-4099.)

In the summer of 1899 the witness was authorized to begin a chem-
ical examination of the waters of Illinios River and its tributaries and
the Illinois and Michigan Canal. Before beginning the analyses he
made a trip of inspection down the river from Bridgeport to Grafton
m company with Jacob A. Harman, engineer of the State board of
health. The trip was made for the purpose of familiarizing the two
officials with the locations and general conditions along the river and
of engaging water takers to obtain samples of water from the various
points and ship them to Chicago. The points selected are shown in
Table 56. (4104-4108, 4121-4122.) '
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TaBLE 56.—Sampling points in Illinois River basin, 1899.

Num-
Sampling point. Collector., t;;’;lf’_f Remarks.
ples.
Illinois and Michigan Canal at | Frank Wright....___. 21 | 50 feet wes* of pumping station.
Bridgeport.
Illinois and Michigan Canal a. | P. O’Brien........... 22 | 200 feet east of main bridge.
Lockport.
Desplaines River at Libertyville. ..| Clare Sherman....... 4
Desplaines River at Lockport..... P.O'Brien........... 27 | Above stone bridge north of town.
Desplaines River at Joliet......... B.F.Long........... 17 | Basin above city.
Tllinois River at Morris............ Dr. H. M. Ferguson 22 | Wagon bridge south of city.
Illinois River at Ottawa........... Dr. W. A, Pike....... 22 20% yards above mouth of Fox
1ver.
Illinois River at La Salle.......... C. H. Nicolet......... 21 | 600 feet above Vermilion River.
Illinois River at Henry....... ...| H.J. Gregory........ 19 | 600 feet above dam above town.
Illinois River above Peoria C.F.Hixon.......... 15 | At the Narrows, Averyville.
Illinois River below Peoria........ Henry Ocker.._...... 21 | Opposite V7esley.
Illinois River below Pekin......... H. D. Jensen. .. 19 | Below outlet of catile sheds.
Illinois River at Havana .......... S. F. Kyle. 2 | 200 yards above wagon bridge.
IHinois River above Havana.......|..... do...... 16 | Above Spoon River during remain-
der of sampling period.
Illinois River at Pearl. ... .| E. H. Chandler....... 18 | At Alton Pailroad bridge.
Ilinois River at Grafton_....._... F.M.Calhoun..._.... 21 | 14 miles above town.
Kankakee River at Souch Bend, | Dr. G. W. Van Ben- 3 | Near the c¢'ty.
Ind. schotten.
K%nkakee River below Wilming- | C. D. Cassingham.. ... 9
on.
Fox River at McHenry......._._ .. Dr.C. H. Fegers._.... 3
Fox River at Ottawa.............. Dr. W. A. Pike....... 6 | 100 yards above Rock Island
bridge, temporary station; after-
) wards from Fox River feeder.
Vermilion River at Pontiac........ Dr.J.J.Stites.._..... 3
Vermilion River at La Salle.......[ C. H. Nicolet.._...... 8 | 2 miles abcve city.
Spoon River at Dahinda..... ... Dr.J. B, Bedford .... 3
Spoon River at Havana........ ... S.F.Kyle.........._. 4 | Several hundred feet above city.
Sangamon River at Mahomet .__.. Dr.J. H. Gardiner.. .. 3
Sangalalon River 200 yards above | G. P. Hollingsworih. . 7
mouth.
Mississippi River at Grafton ...... F. M. Calhoun........ 13 | Above mouth of Illinois River.
Dupage River at Wheaton Dr. C. F. Blanchard.. 3 -
Mackinaw River at Kappa Dr. R. E. McKenzie. . 2

In this series of investigations two-samples of water were taken at
each point, one in a gallon bottle for chemical analysis and the other
in a 6-ounce bottle for the bacteriological examination. The methods
of sampling and the precautions taken against infection coincided
with those usually prescribed. The bacterial sample was placed in
a small tin can and this in a larger can, the inner can being surrounded
with ice. The samples were sent to Professor Long’s laboratory by
express, the quickest route being taken in every case. When the
samples were received at the laboratory they were marked with serial
numbers for identification. The large sample was immediately sub-
jected to analysis, while from the smaller one was taken a portion of
the water for that part of the biological examinaticn carried on by
Doctor Leng and the remainder turned over to Dr. Robert F. Zeit,
biologist, who occupied quarters in the same buildirg. (4111-4114,
4119-4120.) '

The witness then described the variations in the methods of analysis
used in this period of the work from those described for former periods.
The Gries method was used to determine nitrites and the phenol-
sulphonic method for nitrates. In some cases total organic nitrogen
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was determined by the Kjeldahl process. In addition to the gererally
recognized chemical tests, the witness made certain bacteriological
examinations, such as the number of bacteria per cubic centimeter,
the coagulation of milk, the amount of gas formed in the fermenta-
tion of glucose broth, and the production of indol. In Table 57 are
contained averages of weekly analyses of water made according to the
above-stated plan from each of the sampling points. The results
recited by the witness consisted of the individual analyses, and the
reader is referred to the record, pages 4130-4157, or to the special
report, of the Illinois State board of health for 1901 for a complete
statement. The chemical averages given in Table 57 are in nearly all
cases representative of the actual results. The bacteriological data,
however, vary more widely and the averages given are of less value—
so much less in the statements of bacteria per cubic centimeter that
the extreme counts are given in all cases.

There was a great diminution in organic pollution of Illinois River
between Bridgeport and Averyville, as shown by the decrease in the
amounts of oxygen consumed, albuminoid ammonia, and free ammo-
nia, and the increase in nitrates. The amount of oxygen consumed
by the river water above Peoria does not differ appreciably from that
shown by the tributaries of the Illinois. The same is true of the albu-
minoid ammonia, while the amount of this ingredient below Peoria is
nearly as great as that at Bridgeport. It was further pointed out
that after passing Peoria the free ammonia increased from less than 1
part to over 4 parts per million, while the oxygen consumed increased
in unfiltered water from 6 to 17 parts per million and in filtered water
from 5% to 13 parts per million, showing that a very great amount of
organic matter is added to the river from the industries at Peoria.
Down the river from Peoria there is a gradual decrease in the amount
of oxygen consumed by the water and in the free and albuminoid
ammonia present, indicating that the same processes of purifization
are effectual in the stretch of the river below Peoria as above. The
determinations show, according to the witness, that by the time the
water reaches Grafton the organic pollution is not essentially different
from that observed in the tributaries of the Illinois. Taker as a
whole, the tables disclose two main sources of contamination, nemely,
the sewage from Chicago and the industrial wastes from Peoria. In
the opinion of the witness, the Peoria industrial wastes, rather than
the Chicago sewage, constitute the main factor in the contamination
of Illinois River at its mouth. (4160-4162.)
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The witness then compared the results of analyses of samples taken
from Desplaines River at Joliet with those from Illinois River at
Wesley, below Peoria, and pointed out that the amount of albuminoid
ammonia is greater at Wesley. As indicated by the oxygen con-
sumed, the amount of organic matter in the water at Wesley is nearly
as great as that at Joliet. This apparent discrepancy was explained
by the witness to be due to the fact that the albuminoid-aminonia
determination is a measure of the nitrogenous matter, whereas the
oxygen-consumed determination measures the carbonaceous matter.
As the waste from Peoria is known to be largely nitrogenous, the
albuminoid ammonia would be relatively greater at Peoria, while the
carbonaceous matter would be predominant at Joliet. Concerning
the water above Peoria the witness asserted that it was not essentially
different from the waters of the ordinary streams of the State of
Illinois and no more contaminated than might be expected of a
water which had passed through soil rich in organic matter. He then
compared the water from the Illinois above Peoria with that of Fox
River and stated that the Fox at Ottawa contains as much organic
matter as the Illinois at Peoria. Free ammonia in Fox River i+ very
much less than that at Peoria, but the albuminoid ammonia is almost
as great. Comparing conditions at La Salle and Pekin, the witness
stated that the amount of organic matter at Pekin, as indicated by
the albuminoid ammonia, is much greater than at La Salle, while the
free ammonia at La Salle is greater than that at Pekin, indicating
that the oxidation of organic matter at La Salle is the more nearly
complete. If, however, the contamination be measured by the oxy-
gen consumed, the condition at the two places is similar. Com-
paring the waters of Illinois River above Peoria with those above
Grafton, the witness stated that, as measured by the figures for oxygen
consumed and for free and albuminoid ammonia, there is somewhat
more organic pollution indicated above Peoria than at Grafton.
He then made a comparison between the water above Peoria and that
of the Mississippi above Grafton, stating that the oxygen-consumed
determinations show that Mississippi River water at Grafton con-
tains more organic matter than the Illinois, while the two compare
very closely when measured by the albuminoid-ammonia tests.
Other determinations show that in the Illinois at Grafton there is evi-
dence of a large amount of nitrogenous matter which has undergone
oxidation. From all the above considerations the witness concluded
that the organic matter discharged at Bridgeport into the Chicago
drainage canal has undergone practically complete oxidation before
it has reached the mouth of Illinois River, because at this point he
could find no more organic matter than might readily be accounted
for by that discharged from the tributaries and from contamination
at Peoria. (4163-4166.)
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The witness stated that the bacteriological results agree with the
chemical results. (4167-4170.)

He then read into the record the results of his examinations during
1900. The averages are reproduced in Table 58. (4172-4205.)

The witness stated that Table 58 discloses considerably less organic
contamination in both canals at Bridgeport than appeared during the
series of 1899. At Morris, where there is a considerable mixing of
waters from both canals, the amounts of free and albuminoid ammonia
are lower than those for 1899. When Wesley is reached there is a
great increase in the figures for all constituents, being more marked in
oxygen consumed and free and albuminoid ammonie. At Pearl the
condition of the water is as good as that shown in meny of the tribu-
taries, but at Grafton the amount of organic matter ie slightly greater
than at Pearl. In the opinion of the witness the point of greatest im-
portance in the spring series of analyses was the very marked increase
of organic matter at Peorta and Wesley, as compared with the amount
found at points above during the same examination. The witness
compared the conditions at Wesley and at Morris for the purpose of
showing that the organic matter is greater at the former place; another
comparison showed that the water at Morris is purer than at Grafton.
Comparing the conditions at Morris in 1899 and the spring of 1900 the
witness stated that the amount of organic matter was less at the later
date. This was true at Wesley also and in general throughout the
course of the river, except at Grafton, where more organic matter
seemed to be present in 1900 than in 1899. The river was high during
the spring of 1900, and therefore the comparison between the waters
of the river at that time and during the summer conditions which pre-
vailed in 1899 was not fair. (4181-4185.)

Continuing with a discussion of the results of examinations made
during the summer of 1900, the witness stated that it vvas shown at the
outset that there was a lower initial contamination of the water at
Bridgeport than in 1899, and that the data further showed a gradual
and continuous diminution in the factors, indicating organic contami-
nation as the river was descended—a diminution far greater than could
be accounted for by the amount of dilution entering the main stream
from its tributaries. The water from Illinois River above Peoria,
according to the results for oxygen consumed and tor free and
albuminoid ammonia, had no greater degree of contamination than is
ordinarily found in the tributary waters of the Illinois. At Wesley
there was a remarkable increase in the organic pollution, amounting
to several hundred per cent, as shown by the free and albuminoid
ammonia determinations. It is known that the contamination enter-
ing the river at Wesley is largely nitrogenous, and therefore there was
at this point a much greater increase in the albuminoid and free
ammonia than in the oxygen consumed.
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Below Wesley the pollution decreased steadily and at Pekin the
albuminoid ammonia had been reduced to a point which was compar-
able with that found in ordinary river waters of the State, and beyond
which the reduction does not commonly proceed for the reason that
the organic substances remaining are of the comparatively stable types,
which are not subject to great reduction by bacterial cxidizing agents.
In the case of the free ammonia, however, the witness stated that as this
substance does undergo change there was a progressie improvement
or disappearance by oxidation to the mouth of the river. The figures
for the oxygen consumption indicated a similar condition, the amount
lessening from Pekin to Grafton, where it corresponded to that shown
by the waters of the tributaries entering the Illinois. (4209-4210.)

The witness then drew several comparisons from lis table, begin-
ning with a calculation of the combined flow through the Chicago
drainage canal and the Illinois and Michigan Canal. According to the
observations of the engineering department of the saritary district of
Chicago, as reported by the chief engineer, 16 per cent of the flow of
water from Lake Michigan into Desplaines River went through the
Illinois and Michigan Canal and 84 per cent through the drainage
canal. If it were assumed that all of the water passed through one
channel, the volume being equivalent to the volume flowing through
both, the constituents in that channel would be as follows, in parts
per million: Albuminoid ammonia, 1.13; free ammonia, 3.9; oxygen
consumed, 7.46; chlorine 23.5. These numbers may Dbe taken as rep-
resenting the compos1t10n of the total flow throu(rh the two channels.
A comparison of these numbers with the data fqr the water at Joliet
showed a discrepancy, which was accounted for by the witness as being
due to an imperfect mixture of the Desplaines and canal waters.
Because of this discrepancy the Joliet collection was not considered
in preparing the series of charts that were then presented by the wit-
ness, based on the results of analyses made during the summer of 1900,
showing amounts of albuminoid and free amnionia, oxygen consumed,
and chlorine at the various sampling points from Bridgeport to Graf-
ton. As the values expressed in these charts areincluded in Table 58,
they are not reproduced. (4210-4223.)

Professor Long then testified that he had made f-uther chemical
surveys in 1901, from September to December, inclusive, and in 1902
during February and March, the sampling points being IllinoisRiver
above its confluence with the Mississippi, Mississippi River above the
mouth of the Illinois, and Missouri River above its confluence with
the Mississippi. The resu]ts of these examinations were read into the
record and occupy pages 4230 to 4237, inclusive. The averages of
these results are given in Table 59, and the reader is referred to the
record or to the report of the Illinois State board of health for 1902
for more detailed information.
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TasLe 59.—dverages of results of analyses of water from Illinos, Mississippi, and
Missourt rivers, 1901 and 1902.

: Missis- ; . T
Ilitnois Missouri iai Missis-
River f{g}é‘r River III%Ii%g;‘S sippi | Missouri
above above at above River River
Grafion, Graft‘:)n mouth, | o429VE | above at
Septem- | g i | Septem- | "o | Grafton, | mouth,
ber 23 to he?‘33 to|Per 17 to| 1 o1 o | Febru- |12arch10
Decem- | 504 10 Decem- | #xF < -0 |ary 24 t0 | to 21,
ber 12, | Jeri2, | Peri2 | g igga. | March | 1902,
1901. 4 1901. ’ © | 17, 1902.
1901.
Number of samples. . ....oveveroieaeaa.. 38 37 43 13 12 8
Total solids........... parts per million.. 261 183 1,294 445.7 .8 1,594.5
Solids in suspension.._..........._ do.... 32 38 948 216.0 3.0 1,290.2
Solids in solution. ................. do.... 229 45 346 229.7 187.8 304.3
Loss on ignition:
Total. ... ... ... ... LI do.... 40 36 82 68.4 48.9 186.0
Insolution............_....._. do._.. 36 33 29 45.8 49.3 54.0
Albuminoid ammonia............. do.... 0.413 0.39 0.60 0.452 0.283 0.849
Free ammonia..................... do.... 0.238 0.07 0.10 1.344 0.244 0.295
Nitrites. ... ... ... do.... 0.234 0.004 0. 0006 0.003 0.003 0.011
Nitratés. .. ..o do.... 1.042 0.08 0.13 0.398 0.473 0.675
Oxygen absorbed: ! ‘
Total L am 7.841 1028 8.96 7.09 17.15
In solution. 3.21 6.53 | 3.17 4.88 4.84 4.96
Organic nitroge .do.... 0.81 0.74 | 1.61 1.46 1.24 3.27
Chlorine...._.... .do.... 16.4 1.88 ‘ 14.9 ‘11339 2.45 13. 46
100 to 150 to | 300 to 0o 60 to 160 to
Bacteria per cubic centxmeter ............ { 25,800 5,200 | 21,200 14,880 12, 400 14, 160
Fermentation: |
In0lc.Coconnno... per cent of gas 31.4 36.1 82.5 61.6 25.0 87.5
Inic.e.oooia s do.... 48.6 51.4 88.4 40.0 9.0 [ooeaoon
Coagulation of milk at 38°C._........._. Slow. Slow. |Moderate Moderate Slow. | 16.75 hrs.
Production of indol. .per cent of samples. 2.9 3.1 56.8 15 25.0 75

The witness made the following interpretation of the data contained
in Table 59: The organic condition of Illinois River above Grafton is
much better than that of the Missouri above its mouth. This is
shown, according to the witness, first, by the factor of oxygen con-
sumed, which for Illinois River is for the unfiltered water 4.31 parts
per million and for the filtered water 3.21 parts, whereas the Missouri
shows 10.28 and 3.17 parts, respectively; second, by the factor of
albuminoid ammonia, as measuring the substances of comparatively
complex composition yet undecomposed—in Illinois River 0.418 part
per million, as against 0.6 part in Missouri River; third, by the factor
of organic nitrogen, as determined by the Kjedahl process, which is
0.81 part per million in Illinois River and 1.61 parts in the Missouri.
The chemical reactions due to living organic matter in Illinois and
Missouri rivers being considered, it is evident, according to the wit-
ness, that the condition of Illinois River was greatly superior to that
of Missouri River throughout the whole period, and especially is this
shown by the biological work recorded in the table. The production
of indol, for example, was very common in samples taken from Mis-
souri River and rare in Illinois River samples. It is also shown by the
greater abundance in the Missouri samples of those organisms which
have the power of breaking down carbohydrates with the production
of acid. The tests further show, according to the witness, that Mis-
souri River is also contaminated to a far greater degree than Mississippi
River above the mouth of the Illinois. (4239-4241.)
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The witness was then questioned concerning investigations made
by him on the character of the water of Kaw and Ifissouri rivers in
the vicinity of Kansas City. He stated that in Mey, 1903, samples
were taken under his direction from Kaw River at a point 1} miles
above its confluence with the Missouri and from Missouri River (a)
above its confluence with the Kaw, (b) below the confluence with the
Kaw and above Kansas City, and (c) below Kansas City. No deter-
minations were made on these samples except that of chlorine. The
results, together with the flow of Kaw and Missouri rivers, are
recorded in Table 60. (4241-42486.)

TABLE 60.—Volume of flow and determinations of chlorine in the water of Kaw and
Missouri rivers at designated points, May 22-28, 1903.

[Flow in cubic feet per second; chlorine in parts per million.}

May 22. May 23. May 24.

Flow. | Chlorine. | Flow. | Chlorine. | Flow. | Chlorine.

Kaw River. ... ........... et
Missouri River above Kaw River....
Missouri River above Kansas City...
Missouri River below Kansas City...

KawRiver.. .. . .. .............. 49,600 1....... 39,100 | 10.29 | 63,500 | 9.89 | 72,200 8.95
Missouri River above Kaw River....|[......... [£38:3 NN PO PN PR RN AN R
Missouri River above Kansas City...| 198,000 | 10.31 | 226,000 |....... 242,000 |....... 310,000 |.......
Missouri River below Kansas City...!......... B0 VT 2 S PR PRGN PR RN PPN

It appears from Table 60 that the samples from Kaw River were
taken subsequent to those from the Missouri, and therefore the
amounts of chlorine as stated in the table are not absolutely com-
parable for the two streams. The dates May 26, 27, and 28, given
in the record, are probably incorrect, owing to typographical error,
and the proper dates are the 22d, 23d. and 25th, as in the case of the
Missouri River samples. As this review is taken from the official
record, however, this probable error can not be covrected, but it is
here indicated.

Counsel for the defense stated that the testimony here given was
partly for the purpose of rebutting that of Doctor Teichmann, who
stated that the great part of the chlorine in Mirsouri River was
derived from the Kaw. In response to questions, therefore, the
witness interpreted the results as follows: The averages drawn from
the table show a considerably larger figure for chlorine below Kansas
City than in the Kaw or the Missouri above Kansas City. - The excess
of chlorine below Kansas City is more than can be accounted for by
any addition from the Kaw, showing that a certain proportion must
come from the stock yards and sewers of Kansas City. The volume
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of Missouri River was considerably greater than that of the Kaw
throughout the period under discussion and the amount of chlorine
in the Kaw, the volume of the river being considered, could not have
increased the chlorine in the Missouri beyond the amount given for
the latter river above Kansas City. Therefore, in the opinion of the
witness, the chlorine at the mouth of Missouri River can be attributed
only in part to the chlorine from Kaw River, the table showing that
the additions from Kansas City are an important factor. (4241-
4249.)

With reference to the effect of sewage from the Chicago drsinage
canal on the water supply of St. Louis, the witness stated that from
all the examinations he had made of Hlinois River and its tributaries,
it was his opinion that no part of the original organic matter leaving
Chicago through the drainage canal and finding its way into Flinois
River could reach the mouth of the Hlinois, much less the intake
tower of the St. Louis waterworks; therefore it was his belief that
the sanitary condition of the water supply of St. Louis was not and
could not be injured by any pollution from Chicago. (4250.)

The witness then stated that the volume of water going down
Hlinois River is greater than it was before the opening of the drain-
age canal, and that inasmuch as the amount of sewage per given
volume is necessarily less and at the same time this dilutior pro-
duces no enforced decrease in the bacterial activity throughout the
channel, there can be no decrease in the purification from these
causes. Floods carry into the river an immense amount of organic
matter and numerous living organisms from all the tributaries. This
increases the organic contamination, irrespective of any original con-
tamination which may have been present. A further effect of f'o0ds,
inasmuch as the banks of Hlinois River are very low, is to spre=d an
enormous volume of water over an area of many hundreds of thou-
sands of acres, providing for the sedimentation and oxidation to a
marked degree of matters carried by the water at these periods.
The conditions in Hlinois River, because of the peculiar character of
the banks, are unique in this respect. The overflow disposes in this
manner of a vast amount of organic matter which in a stream with
high banks would have to be carried forward. Inasmuch as by far
the largest part of the water at flood times leaves the natural channel
of the river and is distributed over a vast area of land, the original
sewage or remnants of sewage carried by this water must be in like
manner distributed, and thus made accessible to the purifying proc-
esses of sedimentation or oxidation. The witness then stated that
the lakes which were backed up by the various dams across Hlinois
River offer large basins for oxidation and hold up the water to some
extent for that purpose. He further stated that it was his belief
that Mississippi River at Chain of Rocks is not a potable strear) and
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had not been at any near period suitable for housel'ld use. (4250-
4253.)

In response to questions, Professor Long stated that the addition
of a large volume of Lake Michigan water and canal water flowing
down the Illinois, which causes an increase in dilution, had produced
the resultant effect that the water at the mouth of Illinois River
after the opening of the canal was in far better sanitary condition
than previous thereto. (4254.)

The following hypothetical questlon and the reply thereto appear
in the record (pp. 4256-4260):

Q. Professor, assume that 107 barrels of 40 gallons each of culture of Bacillus pro-
digiosus, consisting of 1,000,000,000 bacilli per cubic centimeter as contained in said
barrel, were deposited into the Chicago drainage canal at the town of Lemont on the
afternoon and evening of the 6th day of November, 1901, during a period of from four
to eight hours; assume further that immediately after said barrels were emptied into
the drainage canal at the point aforesaid the laboratories established at Lockport,
Joliet, Peoria, and Grafton, on the Illinois River, at the intake tower of the St. Louis
waterworks at the Chain of Rocks, were notified, and that samples were collected at
each of these places every hour of the day and night for the purpose of bacteriological
analyses for the ascertainment of these Bacillus prodigiosus; and assume that at Lock-
port these hourly samples taken day and night were taken from November 7 to Novem-
ber 25, a period of eighteen days, the total number of samples taken being 432, or there-
abouts; assume that at Joliet these hourly samples taken day cund night were taken
from November the 7th to November the 25th, a period of eighteen days, the total
number of samples taken being about 432; and assume that at<®Peoria these hourly
samples taken day and night from November the 8th to November 30, a period of
twenty-two days, amounting to a total of 528, and assume that at Grafton these hourly
samples were taken day and night from November 12 to December 15, a period of
thirty-three days, the total number amounting to 732, of which 384 were analyzed
by Dr. Ravold; and assume that the total number of samples taken hourly day and
night was 720, and assume that at the laboratory tap these hourly samples taken day
and night from November 20 until March 1, 1902, a period cf one hundred days,
amounting to a total of 2,400, and assume that the total number of samples analyzed at
the different points for the period above mentioned was 5,304; and assume further
that on December 4 at 8.45 a. m. one bacterium Bacillus prodigiosus was found at the
- intake tower at the Chain of Rocks; assume that on December the bth at 9 a. m. one
bacterium Bactllus prodigiosus was found at the intake tower at the Chain of Rocks;
assume that on December the 8th at midnight one bacterium Becitlus prodigiosus was
found at the intake tower at the Chain of Rocks; assume that on December 6 at 8 a. m.
at Grafton one Bacillus prodigiosus was found; assume that on December 7 at mid-
night at Grafton one Bacilius prodigiosus was found; and assume further that these five
organisms were all of the organisms of prodigiosus that were found in the examinations
made from Lockport to the intake tower at the Chain of Rocks and the laboratory tap
in the city of 8t. Louis, which were made during the progress of this investigation as
hereinbefore set forth; that at no time was there more than one bacterium found in
each of these places. Assuming all of the facts as hereinbefore stated to be true, what
is your opinion as to the value of this experiment as indicating the probable longevity
of the typhoid bacillus as measured by the longevity of the Bacilus prodigiosus and
the probability that a typhoid bacillus entering the drainage canal from the sewers of
Chicago would ultimately find its way through the Desplaines and Illinois rivers to the
town of Grafton?
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A. Considering the longevity of the typhoid bacillus as measured by the longevity
of the Bacillus prodigiosus, which, consideration in no way involves a knowledge of
bacteriology, but simply a knowledge of arithmetic as set forth in this question, I
would say that the suppositions advanced in this question indicate that the longevity
of the Bacillus prodigiosus, and of the typhoid bacillus as compared with it, is so
extremely slight as to make the probability of a germ of this character being able to
survive a passage from the drainage canal to Grafton so remote as to be entirely urworthy
of consideration. This conclusion depends on certain calculations which I have
made and which I will present. As the various data are given in terms of the metric
system, it is necessary to make certain reductions in order to be able to reach ¢ proper
conclusion. First, it is necessary to determine the concentration of the germs in the
canal water at the time when they were dumped from the barrels as supposed in the
question. At this period the flow in the canal was almost exactly 235,000 cubic feet
per minute, which I have reduced to liters by use of the factor 28.3 liters per cubic
foot, which is almost the exact factor, giving 6,650,000 liters, very nearly, per minute.
Reducing this number of minutes to hours, I find that for four hours, or two kundred
and forty minutes, assumed to be consumed in this addition of the bacteria to {1 = water
a volume of water flowed equivalent to 1,596,000,000 liters, or approximately
1,600,000,000 liters. As the calculations are finally based on the cubic centimeter
rather than the liter, I have reduced this volume to cubic centimeters by multiplying
by 1,000, giving as the volume of this water in cubic centimeters, into which the sub-
stance from the barrels was dumped, 1,600,000,000,000, or, expressed most accurately
in the method now common among mathematicians, 1.6 x 102, This is the flow of the
canal in cubic centimeters in four hours. I will say for the purposes of comparison it
makes no difference whether we assume four hours or eight hours, as the same factor
enters later into the calculation at the mouth of the river. We have next to consider
from the assumptions of the question the number of bacteria mixed with this volume.
One hundred and seven barrels of 40 gallons each gives the amount of 4,280 gallons,
which when reduced to liters give us something over 16,000 liters—16,017 and more
liters—but in round numbers I will use 16,000 liters, or 16,000,000 cubic centimeters.
The number of bacteria per cubic centimeter, according to the assumption of the ques-
tion, was 1,000,000,000. The total number of bacteria then discharged would be the
product of 1,000,000,000 per cubic centimeter by the number of cubic centimeters,
or 16,000,000 multiplied by 1,000,000,000, which multiplied out gives us the number
16,000,000,000,000,000, or, more accurately or definitely expressed, 1.6, We have
therefore as the number of bacteria, following the assumption of the question, which
must have been thrown into the canal, 1.61%, as given. As the number of cubic centi-
meters into which this number was thrown was given as 1.6!%, the quotient of one of
these by the other gives the concentration of 10 at the fourth power, or 10,000 hacteria
to the cubic centimeter, on the assumption that the mixing or dumping took place
through a period of four hours. We have therefore as concentration 10,000 to the
cubic centimeter. Now, supposing this wedge of water to pass down the river abso-
lutely unchanged, and supposing further that no increase or decrease in this number
of bacteria should follow by death or by any other means, it is simply a statement of
fact to say that we should find 10,000 per cubic centimeter at some correspondine time,
in some part of the river below; but admitting the fact that a change by dilution fol-
lows by taking up the water of the tributaries and through the uneven flow of the
water, the particles moving more rapidly in the center than along the sides of the
stream, a certain dilution must be calculated-——must be admitted as taking rlace in
this volume. From the fact that these samples were all found within a four-day
period, or rather these bacteria were all found in samples collected in a period of four
days, as presented in the question, I have calculated this original volume of water as
diluted with the volume of water which flows at the mouth of the river in a period of
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four days. On that assumption a number of at least 200 should be found per cubic
centimeter for each cubic centimeter examined, on the assumption that no death or
loss of these bacteria takes place anywhere in the course. Asa matter of fact, not 200
were found in 1 cubic centimeter, but a very large number of examinations had to be
made to find a cubic centimeter in which there was one contained. It is evident that
an enormous destruction of these organisms must take place between the point at
which the bacteria were thrown in and the mouth of the river, whe e the examinations
were made. The actual finding is not over one ten-thousandth of what should be
expected from 107 barrels on the assumption thai these organisms did not die out; that
is, we find less than one teén-thousandth of the expected amount. If we consider a
number less than 107 barrels as added—one barrel, for example—the probability of
any organism of this character reaching the mouth of the Illinois River is less than one
chance in 1,000,000. If we consider one barrel or one one-hundredth of a barrel as
added, the chance of one of these organisms reaching the mouth of the river and being
found in a cubic centimeter becomes correspondingly reduced. Therefore, without
involving any question of bacteriology, but simply a question of calculation, it is evi-
dent that the probabilities of any number of bacteria in a given small volume reaching
the mouth of the Illinois River is extremely remote and not one which can bhe practi-
cally or seriously considered. (4256-4260.)

Continuing, the witness stated that the longevity of the typhoid
bacillus being measured by that of the Bacillus prodigiosus, and the
fact being taken into account that in the large number of examina-~
tions made at Lockport, Joliet, and Peoria no B. prodigiosus were
found, and further that only the small number mentioned were
obtained at the mouth of the river and from the intake tower at
Chain of Rocks and in the water supply of St. Louis—none at all
before December 4 and none after December 8—it is practically
improbable that a typhoid bacillus with longevity and virility as
measured by that of the B. prodigiosus would ever survive the pas-
sage down .the drainage canal and Illinois River and enter the water
supply of St. Louis. (4261.)

- CROSS-EXAMINATION.

In reply to an inquiry concerning which tests, chemical or bacte-
riological, the witness considered most important, he stated that it
was impossible to determine; both are of equal importance in some
cases, while in others one will take precedence over the other. He
stated further that his direct testimony on-the sanitary condition of
the water of Illinois River was not altogether based on chemical and
bacteriological tests, but also on his general opinion of the sanitary
condition of river water. (4264—-4266.)

The witness made the following general statement of his opinion
concerning pollution and the interpretations of analytical results:
The most objectionable pollution in a river consists of the products
of human excretion; as to which particular product the witness could
not give an opinion as biologist or bacteriologist, but he concurred in
general with the accepted opinion. With reference to the specific
character of pollution the witness stated that the origin of the vege-
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table extracts can be pretty safely inferred, because they contain
preeminently more bodies of the carbohydrates and their derivatives
than the extracts of animal origin. Vegetable extracts give marked
reactions with the permanganate solution, but not very marked reac-
tions with the reagents measuring nitrogenous matter. This pecul-
iarity is of value in distinguishing between the vegetable and animal
extracts when the organic matter is fresh, but it does not app-ar to
the same extent in the examination of older substances. It is not
always possible to differentiate sharply between water polluted by
sewage and that containing organic matter from swamps. In general,
waters having the latter contamination contain very much less chlo-
rine than those contaminated by sewage. The amount of nitrogen
in different forms is also significant. The nitrogen as nitrites seems -
to be more characteristic of the breaking down of the products of
animal than of vegetable origin. These are the most importart fac-
tors and the ones usually considered; in addition it is always desir-
able to have as much knowledge as possible concerning the character
of the watershed, the contribution of sewers in general, whether there
are great industries and of what kinds, the drainage areas, ard the
rate and character of flow of the river. Inorganic pollution consists
of the mineral salts, which are the combination of the so-called
metallic elements, sodium, potassium, calcium, magnesium, and
ammonium, with the elements described as chlorine, sulphuric acid,
nitric acid, phosphoricacid,and carbonicacid. Thesubstances known
as organic are usually complex forms—carbon, nitrogen, hydrogen,
and oxygen, with small amounts of sulphur and phosphorus. Organic
substances are distinguished from the so-called inorganic matier by
the fact that they undergo general decomposition by heat relatively
more easily—in other words, the distinction is based on their cegree
of stability. The witness then related the conventional theory con-
cerning the breaking down of organic matter and described in a gen-
eral way the leading features of the Chicago sewerage system and its
effects on Lake Michigan, Chicago River, and Desplaines River.

Throughout his cross-examination the witness was careful to state
that he had confined his work and his interpretations to purely
chemical and bacterio-chemical lines and had not attempted to deter-
mine the presence of infected matter in the water. He further stated
that chemical analysis was beneficial to the sanitarian only to the
extent of showing the amount of organic pollution regardless of its
character, although under certain conditions it does give a clew to the
kind of pollution.

Continuing along the general subject of infection and the relation
between polluted waters and water-borne diseases, the witness
expressed certain doubts concerning the conclusions of epidemiolo-
gists and stated that, while in some cases he was inclined to accept
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the opinion of sanitarians without advancing any original theories of
his own, he had based his opinion concerning the condition of Illinois
River almost solely on the results of examinations of a chemical and
bacterio-chemical nature. The matter of possible infection was left
out of consideration entirely. He did not consider it an important
factor in his investigation, inasmuch as his purpose was not to deter-
mine whether or not the water was safe for drinking or domestic
purposes, but to determine the extent and rate of destruction of
organic pollution in the waters in question and to compare these
several waters with each other. He further stated that it was not
possible to assign any hard and fast limit to the amrount of polluting
substances in a water which would be necessary to make it unpotable
and refused to be led into a discussion which would make it necessary
for him to advance an opinion upon such a subject. In forming his
conclusions concerning the water, he had not attached much impor-
tance to the opinion of epidemiologists, but had preferred to refer to
the work of others who had made investigations parallel to his own.
(4266-4298.) .

The following hypothetical question was then asked:

Assuming that it required twenty days for the water in Illinois River to run from its
source to its mouth prior to the opening of the canal, and that it requires ten days
since the opening of the canal, I would like to ask you what effect this time limit has

upon the determination of whether or not decomposition has more rapidly taken place
during the previous period than the subsequent period.

To this and other questions the witness answered:

This time limit can have no possible bearing on the question of the determination of
the fact whether the decomposition has taken place more rapidly or not. The chemical
analysis is made irrespective of the rapidity with which the water comes down there,
* % % But supposing this more rapid flow is due to enormously greater dilution,
instead of being more dangerous for household consumption, inavmuch as we are con-
cerned only with a small volume * * * and not with the gross condition, the final
condition, instead of being worse, may be better as far as household use is concerned.

Continuing, the witness stated that dilution does not necessarily
destroy but it renders less probable the deleterious ef’ect in proportion
to the extent of dilution. A comparison of the gross pollution of the
Missouri with that of the Mississippi or of the gross pollution of the
Illinois with that of the Mississippi is absolutely valueless and absurd.
It makes no difference what the volume of the body of water is, the
chemist is concerned only with that amount with which one is liable
to come directly into contact in his daily usage and as drinking water,
and the expression parts per million or grains per gallon is the only
thing which a practical man has to take into consideration. In
expressing results in parts per million, etc., the dilation factor goes
in. The witness further insisted that it was impossible to determine
in all cases the potability of a water from the analytical results, and
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that no fixed standards could be set with reference to the amount of
this or that ingredient; in connection with this it was necessary to
know all the conditions and the source of the water. The witness
then stated that inasmuch as no one had been able to find the typhoid
germs in the water, it was his belief that it is highly proballe that
there is no reason for assuming that they are there under any condi-
tions. (4345-4369.)

ADOLPH GEHRMANN.
DIRECT EXAMINATION.

Adolph Gehrmann was called as a witness in behalf of the (ofense.
In qualifying as an expert he stated that his residence was in Cicago;
his profession, physician and bacteriologist. He had been connected
with the Chicago department of health~—during 1893 as bacteriologist
and microscopist for the milk department; and from January, 1894,
until June, 1902, as director of the laboratory and bacteriolozist for
the department. He received his medical degree from Northwestern
University in 1890, and had been engaged as a teacher of bacteriology
and hygiene in the medical department of the University of Illinois.
At the time of his testimony he was professor of hygiene in the Dear-
born Medical College and professor of bacteriology in the Harvey
Medical College. In connection with his duties as director of the
laboratory of the department of health in Chicago, he had corducted
the bacterial examinations of samples of water received at the labora-
tory. During 1893 he made a weekly examination of the water from
Lake Michigan from the four cribs, and of one sample from the labora-
tory tap. From the beginning of 1894 to the end of his service for the
department of health samples were taken daily for bacteriological
examination. (4744-4747.)

In the early months of 1899 he was instructed by the commissioner
of health of Chicago to arrange for the examination of samples from
the Illinois and Michigan Canal, Desplaines River, Illinois River and
its tributaries, Mississippi River, and Missouri River, and in con-
junction with Professors Palmer and Burrill of the University of
Ilinois and Professor Jordan of the University of Chicago elalorated
plans for such examinations. The system of collection was deter-
mined and the work was taken up In the laboratories of these two
universities and of the health department. It was arranged that
from each of the sampling points three separate samples must be col-
lected, each sample to be represented by a large and small bottle, mak-
ing six bottles in all, and to be identified according to the usual pro-
cedure. The collectors were instructed in the customary manner.
(4749-4758.)
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The following were the sampling points:

Points at which water samples were taken for investigations of Chicago department of
health, 1894 to 1902.

Illinois and Michigan Canal: Little Vermilion River:

Bridgeport, 500 feet west of pumping One sample every four weeks.
station. Sangamon River:

Lockport. Chandlerville.

North of Joliet. Mississippi River:

South of Joliet. Grafton, above mouth of Illinois

Ottawa. River.

Desplaines River: Alton, 100 feet from east bank.
Lockport. Alton east of midstream.

Kankakee River: Alton midstream.

‘Wilmington. Alton west of midstream.

Illinois River: : Albon 100 feet from west bank.
Morris. Chain of Rocks, 490 yards from T1li-
Ottawa. nois shore.

La Salle. R Chain of Rocks, main channel.

Henry. Chain of Rocks, inlet tower.

Above Peoria. Chain of Rocks, 400 feet from Mis-

Below Peoria. sourl, shore.

Pekin. ' Jefferson Barracks east bank.

Havana. Jefferson Barracks, east of mid-

Beardstown. stream.

Kampsville. Jefferson Barracks midstream.

Grafton, 2 miles above mouth of Mis- Jefferson Barracls, west of mid-
sissippi River. stream.

Fox River: . Jefferson Barracks, west bank.
Ottawa. Missouri River:

Vermilion River: Fort Bellefontaine.

La Salle. Water tap at St. Louis.

The witness then gave the names of the samplers, described the
methods of collecting and identifying the samples, and presented the
results of his examinations, together with those of D. B. Bisbee, who
performed the chemical work in the department of health laboratory.
(4756-4764.) Herewith are reproduced the average results of exami-
nations made in the said laboratory of water taken from stated
sampling points, July 3 to November 28, 1899. For more detailed
statements the reader is referred to pages 47704807 of the official
record.

Counsel for the defense directed the attention of the witness to the
results contained in the final column of Table 61, namely, the number
of bacteria per cubic centimeter, and in response to specific questions
concerning his interpretations the witness testified as follows:

A comparison of the Illinois and Michigan Canal data at Bridge-
port with the Illinois River data at Averyville (above Peoria) shows
that there is a difference of 10 to 20 per cent in the nuriber of bacteria
present, and in some cases a difference of 100 per cent in favor of the
Averyville samples, which show a much greater bacterial purity than
those collected at Bridgeport. The number of bacteria is from 10 to
20 per cent less in the Averyville samples than in the Illinois and
Michigan Canal samples, taken at Lockport, and in some cases the
difference amounts to 100 per cent, indicating a greater bacterial
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purity at Averyville. A comparison of the Illinois River samples at
Morris with those at Bridgeport and at Averyville shows that the
number of bacteria is not materially different in the Morris and
Bridgeport samples, and that those at Averyville contain from 10 to
20 per cent of the number found at the other two points, indicating
again a greater degree of bacterial purity. There is no mwaterial
difference between the samples collected at Henry and those at
Averyville, except in two instances, August 8 and September 30,
when the bacteria were much higher at Henry. The bacterial counts
at these two points are from 10 to 20 per cent of the number at Morris,
showing much greater bacterial purity at these points than at Morris.
The samples from Kankakee River at Wilmington show ounly slight
differences in number of bacteria from the Illinois River samples at
Averyville. In some instances the count is in favor of Kankakee
River and in others in favor of Hlinois River, the interpretation being
that there is no material difference in the bacterial purity of these
twowaters. Thenumber of bacteriain the Averyville samplesis about
equal to that in the tributaries of the Illinois, and the zone of self-
purification extends down to about the location of Averyville. The
results of examinations of Illinois River water at Wesley (below
Peoria) and Pekin clearly indicate an increase of pollution in the
stream between these two points, the bacterial purity at Averyville
being greater than at either. A comparison of the bacterial counts
of the Hlinois and Michigan Canal at Lockport and of Hlinois River at
Wesley and Pekin shows approximately the same amount of bac-
terial purity. The Hlinois River water at Grafton contains from 10
to 20 per cent of the number of bacteria found at Wesley and Pekin,
and is therefore of far greater bacterial purity than the Wesley and
Pekin waters. The bacterial counts at Grafton and Averyville are
about the same. The bacterial purity of Mississippi River at Grafton
is practically the same as that of Illinois River at Grafton. The
samples from Hlinois River at Grafton and from Missouri River at
Fort Bellefontaine show no great difference in the bacterial content.
The series of samples taken along the cross section in Mississippi
River at Chain of Rocks shows practically the same bacterial counts
at all points and indicates a general distribution of bacterial purity or
impurity along the cross section. There is no material difference in
the number of bacteria in the samples taken at Chain of Rocks, 400
feet from the Missouri shore, and in those 400 yards from the Illinois
shore. The bacterial content of the samples taken along the cross
section at Jefferson Barracks, below the outlet of the St. Louis sewers,
is practically the same as that of the samples taken from the cross
section at Chain of Rocks. (4808-4819.)
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It should be noted in connection with the above testimony that
the witness was careful to use the term ‘“bacterial purity” and
made no reference to the pathogenic bacteria or disease-producing
material, his conclusions being based solely on the number of bac-
teria per cubic centimeter in the water, irrespective of their character.

The witness then testified that he had made examinations to deter-
mine the presence of the colon bacillus and the typhcid bacillus, and
that the results for the colon bacillus are recorded in the tables of
which Table 61 is an average. The typhoid bacillus vas not found in
any case. He further stated that he had found the Bacillus prodi-
giosus during an examination of waters, but that he could not posi-
tively state from such aresult that it occurred normally in the waters
found in the vicinity of Chicago. His opinion was that it was an
accidental entrance upon the culture plate, indicating that this
bacillus is occasionally present in the vicinity of Chicago and can be
found by exposing suitable material for its growth. (4820-4821.)

CROSS-EXAMINATION.

The first portion of the cross-examination was devoted to questions
of procedure in the bacteriological examination of water, in the
course of which the witness stated that a whole cubic centimeter of
water was very rarely used for the colony count, but tl e examinations
were made by diluting 1 ¢. ¢. with a portion of sterile water and
calculating the result by multiplying the amount found upon the
plate by the degree of dilution. The degree of dilution was different
in samples from various portions of the river, some being diluted 1 to
100 and others 1 to 1,000, according to the amount of dilution found
necessary by preliminary experience. (4852-4854.)

After this testimony the witness was asked whether or not so
minute a quantity of water examined was suflicient to determine with
accuracy the bacterial condition of the whole canal or river at that
point; to which he replied that it was not an exact demonstration in
the sense that a mathematical demonstration would be, but it gave
results that were comparable with other results reached similarly and
at the same time, or in the same line of work. The bacterial count
simply gave an idea of the numbers of bacteria present, without ref-
erence to the kinds, and was not sufficient to indicate the potability
or unpotability of the water or the presence or absence of pathogenic
bacteria. All of this led up to questions concerning s*atements made
by the witnessin his direct examination with reference to comparative
bacterial purity,and he explained that the term “bacterial purity” is
not recognized as indicating the sanitary condition of a water except so
far as the general activity of decomposition is concerned, which has
a slight bearing on the question of purity or impurity. (4854-4856.)

The cross-examiner then led up to a discussion of tl e quality of the
pollution of Lake Michigan water at various points and its agency in
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producing typhoid fever in Chicago. On the admission of the vritness
that it was his belief that this disease in the city was caused by the
pollution of the water supply by the city sewage, the cross-examiner
attempted to demonstrate from the testimony of the witness that
inasmuch as Chicago sewage could pollute the water of the lake, a
quiescent body, for distances so far from the shore as had been dem-
onstrated, it was reasonable to believe that the pathogenic organisms
of typhoid might exist for great distances in a running stream—even
for a distance as great as that intervening between Chicago and St.
Louis by way of Illinois and Mississippi rivers. The witness replied
in general that Lake Michigan is by no means a quiescent body of
water, being subject to currents due to winds and other natural phe-
nomena, and that, in addition to this, Lake Michigan is a large body
of comparatively pure water, which, according to his experience, is
much more favorable for the preservation of the life of typhoid organ- -
isms than the more highly polluted water of the drainage canal and
upper Illinois River. (4857-4865.)

ARTHUR W. PALMER.
DIRECT EXAMINATION.

Arthur W. Palmer, called as a witness in behalf of the deferdants,
stated that he had been for fifteen years professor of chemistry in the
University of Illinois. He was educated in the public schools of Illi-
nois and at Illinois, Harvard, Berlin, and Géttingen universities, where
he had specialized in chemistry. He had paid particular attention to
water analysis, having been engaged in that work asa student, teacher,
and investigator for a period of twenty-two years. (4903-4994.)

The witnessthen related the facts concerning the agreement between
the department of health of Chicago, the University of Chicago, and
the University of Illinois with reference to the examination of sam-
ples of water from the Illinois River system. ' These facts are as
related in the testimony of Prof. E. O. Jordan. (4904-4905.)

The witness then stated the location of the various sampling points
included in the accompanying tables and described the surroundings
and pertinent facts in connection therewith. (4905-4922.)

The method of handling samples, the determinations made, and
their significance were then described by the witness. (4922-4938.)

Pages 4939 to 4976 of the record are occupiéd by tabular statements
of examinations made at selected sampling points along the stream
during the period from April 28 to December 27, 1899. The results
of examination of samples collected between January 11 and October
8, 1900, appear on pages 4977 to 5026. The witness then described
the significance of the various entries in these tables. (5027-5039.)

He then presented tabular statements of the average results of the
series of determinations. These results are reproduced in Talle 62.
(5040, 5042.)
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The witness then presented tables containing the averages of deter-
minations made during the periods from June to September, inclusive,
for 1899 and 1900, respectively, and following these read into the rec-
ord two other tables showing, first, the average of determinations
made during the four months, June to September, inclusive, 1899 and
1900, of samples taken from Illinois River at Grafton, Mississippi
River at Grafton, and Missousi River at Fort Bellefontaine, together
with the highest and lowest determinations during these periods at
each of the points mentioned, also the averages for the same four-
month periods for samples from a few other selected points; second,
a similar statement based on all the determinations during the two
years. (5047-5054.)

Evidence was then presented concerning the determination of dis-
solved oxygen in an extensive series of samples taken under s»ecial
conditions from specified points in the canal and rivers under discus-
sion. The determinations were made according to the Winkler and
the Levy methods, and the results appear in a table occupying pages
5062-5068 of the record. The period covered by these examinations
extended from the latter part of April, 1899, to the middle of October,
1900. With reference to the remark, “Test of keeping qualities,”
placed at certain points in the table, the witness explained that
although most of the determinations were made on the spot et the
time of collection it was desired to procure some information as to the
changes taking place in the organic matter of the water during trans-
portation from the sampling point to the laboratory. Therefore
duplicate samples were taken, one being treated immediately and the
other being reserved for a period varying from twelve hours to two
days, after which the determination was made. Inasmuch assamples
of waters containing organic matter suffer a loss of dissolved oxygen
when they are allowed to stand out of their natural environment, a
great diminution is regarded as an indication of inferiority in the
water as compared with one in which the diminution is slight. In the
samples so noted in the table the stability of the organic matter, or, in
other words, the ‘‘keeping qualities” of the water, are indicated.
(5055-5061.)

With reference to the results of the dissolved-oxygen determina-
tions, the witness made the following statements: Illinois River water
contains at all times a considerable percentage of the oxygen required
for saturation, and at times is supersaturated. The supersaturation
is due to the liberation of oxygen by chlorophyl-bearing organisms in
the water. Samples shipped to the laboratory before being treated
nearly always contained an amount of oxygen less than the amount of
saturation, though those treated with mercuric chloride showed no
diminution. It is certain that the actual content of dissolved oxygen



192 POLLUTION OF RIVERS BY CHICAGO SEWAGE.

expressed in the results is in many cases considersbly less than the
actual amount.

The witness then discussed these results in narrative form, calling
attention to the various interpreting features. As these features are
clearly apparent to the careful reader of the table they will not be
repeated here. (5070-5079.)

Three diagrams were then presented and discussed, showing graph-
ically the changes taking place in each of the constituents determined
in samples of water taken from the established points hereinbefore
designated during the two periods of investigations, 1899 and 1900.
These diagrams merely show in another form the relations presented
in Table 62 and therefore are not reproduced here. (5080-5097.)

. The witness then introduced a series of plates,numbered 4 to 15,
inclusive, showing graphically the average proportions of some of the
more significant constituents of the waters of Illinois, Mississippi, and
Missouri rivers, so that the conditions during similar periods in 1899
and 1900 might readily be compared. These plates ere not here repro-
duced, because the facts that they are alleged to show may readily
be taken from Table 62. (5097-5147.)

A series of tables containing the results of examinations made by
the witness as director of the State water survey of Illinois was then
presented. These analyses include weekly samples taken from the
following points:

Lake Michigan at Chicago, 1897-1900. -
Illinois and Michigan (Canal at Lockport, 1897-1901.
Chicago drainage canal at Lockport, 1900-1901.
Desplaines River at Lockport, 1897-1901.

Desplaines River at Joliet (east and west sides), 1901.
Illinois River at Morris, 1897-1900.

Illinois River at Ottawa, 1899-1901.

Illinois River at La Salle, 1897-1900.

Illinois River at Averyville, 1897-1901.

Illinois River at Havana, 1897-1900.

Ilinois River at Kampsville, 1897-1902.

Illinois River at Grafton, 1899-1902.

Mississippi River at Grafton, 1899-1901.

Mississippi River at Alton, 1897-1900.

Mississippi River at Quincy, 1897-1903.

Kankakee River at Wilmington, 1897-1900.

Fox River at Ottawa, 1898-1901.

Spoon River at Havana, 1897-1899.

These tables, with the subsequent explanations and reiterations for
purposes of evidence, occupy pages 5166-5360 of tl'= record. Aver-
ages of the results appear in Table 63.
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The witness discussed the above results in part as follows: Up to
the opening of the Chicago drainage canal the water in the old Illi-
nois and Michigan Canal varied in character but little from year to
year, but a great change followed the opening of the drainage canal.
The relative proportion of organic matter in the old canal was greatly
reduced, although the free ammonia became greater owing to the
more speedy oxidation of the organic matter facilitated by the
dilution. The proportions of ingredients in the water of the drainage
canal show notable variations, due to various apparent causes, but
the data show that the sewage discharged from the canal is far more
dilute than that formerly discharged through the old Illinois and
Michigan Canal. (5371-5372.)

After noting the changes in the character of the water, as shown
by the determinations in Table 63, from the canals at Lockport
down to Averyville, the witness stated that it was “highly probable”
that the organic substances introduced at Chicago had been com-
pletely destroyed by the time the water reached Averyville, and that
the organic matter remaining was of vegetable rather than of snimal
origin. The averages of the Averyville determinations show that
the water at this point contains considerably less organic matter
than is present in the water of the comparatively unpoluted tribu-
tary streams. (5388-5389.)

Calling attention to the averages of the Havana samples, the
witness stated that enormous discharges from the distillerie- and
cow pens at Peoria and Pekin had created in the stretch of 45 miles
of river lying between these two points and Havana what was prac-
tically an immense septic tank. This stretch of the river, especially
the upper part, had been very offensive. Nevertheless, so active
had been the natural processes of purification that at Havara the
water was in practically as good condition as at Averyville, above
the point of entrance of this pollution. The records after the opening
of the drainage canal show, according to the witness, a greatly
reduced proportion of organic constituents. (5392-5393.)

The testimony of the witness, fourd on pages 5394-5451 of the
record, was devoted to a review of the data given inTable 63." The
variations shown were narrated and the figures presented in mani-
fold ways and groups, both tabular and diagrammatic. As nothing
was added by way of evidence or deduction, beyond that which is
readily apparent in Table 63, no digest of this portion of the testi-
mony will be made.

IRE 194—07——13
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TESTIMONY OF ARTHUR W. PALMER.
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196 POLLUTION OF RIVERS BY CHICAGO SEWAGE.

The witness then presented a diagram showing tl'e relative pro-
portions of upper Mississippi River water and Illinois River water
at five points in a cross section of Mississippi River, 16 miles below
the mouth of Illinois River and 7 miles above the mouth of Missouri
River, calculated from the average chlorine content at those points
as determined from weekly analyses throughout 1899 and 1900.
From this diagram it appears that in 1899 the average chlorine in
Mississippi River above Grafton was 2.9 parts per million and in
the Illinois above Grafton 15.2 parts. At the cross section above
mentioned the water at the Missouri shore contained 3.2 parts,
equivalent to 2.4 per cent of Illinois River water. At one-fourth
the distance from the Missouri shore the water contained 3.5 parts
of chlorine, equivalent to 4.8 per cent of Illinois River water. In
midstream there were 4.3 parts of chlorine, equivalent to 11.3 per
cent of Illinois River water. At three-fourths the distance from the
Missouri shore, or one-fourth the distance from the Illinois shore,
there were 5.8 parts of chlorine, equivalent to 23.5 per cent of Illinois
River water, while at the Illinois shore there were 7.5 parts of chlorine,
eqmvalent to 38 per cent Illinois R1ver water. The record for 1900
was given as follows:

Average chlorine in Mississippi River water above Grafton, 3.1
parts per million; in Illinois River water above Grafton, 13.1 parts.
Proportions and percentages at the five points in tke cross section,
taken in the same order as for 1899, 3.5 parts, equivalent to 4 per
cent Illinois water; 4.1 parts, or 10 per cent; 4.4 parts, or 13 per
cent; 7.1 parts, or 40 per cent; 7.6 parts, or 46 per cert.

From these figures the witness expressed the opinion that the waters
of Mississippi and Illinois rivers were by no means commingled by
the time they reached the mouth of Missouri River. (5452-5454.)

The witness then expressed the opinion that thers is no satisfac-
tory basis on which a calculation of the relative proportions of
water from Mississippi, Illinois, and Missouri rives entering the
intake at Chain of Rocks could be made, but for all such calculations
the chlorine determination would be the most satisfactory, because
chlorine is not, like the various forms of nitrogen, a variable con-
stituent. It would not be practicable to determine these propor-
tions from free ammonia or from nitrites because the amounts of
these constituents change by reason of decomposition processes
going on within the water. The comparative proportions of total
solids might be used for this purpose if the amounts in the three waters
differed sufficiently, but even then errors would arise because total
solids include both dissolved and suspended matter. Variations
in the amount of solids in suspension, caused by variations in velocity
of flow or in character of material underlying the stream bed and
constituting the banks, would take place without any corresponding
changes in the amount of water contributed by the stream. Esti-
mates of proportional contribution based on susvended matter
would be unsatisfactory for the same reason. (5452-5457.)
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Further testimony of the witness, occupying pages 5459-5511, in-
clusive, comprised the narration of chemical facts given in Table 63,
together with amplifications of the same, accompanied by diagrams.
Included in this part of the testimony were diagrammatic represen-
tations of the stages of water in Illinois, Mississippi, and ] lissouri
rivers, scaled in with coincident analytical records, the purpose of
which was to show that increase in the determinations, such as total
organic nitrogen, free and albuminoid ammonia, etc., were the result
of or were attended by increased flow in the rivers, and were not
caused by increase in polluting material. The witness believed that
the fact that these changes took place in the water of Mississippi and
Missouri rivers as consistently as in that of the Illinois was i portant
evidence that the apparently unfavorable changes in the composition
of the Illinois water were not the result of pollution from the Chi-
cago drainage canal. In other words, he was of the opinionthat
such pollution had not changed the character of the water of Mis-
sissippi River at Chain of Rocks. (5511-5512.)

The witness offered in evidence the results of analyses of special
cross-section samples taken as follows:

Illinois River at Averyville, July 21, 1899, and November 26, 1901.

Illinois River at Wesley, July 22, 1899.

Illinois River at foot of Terminal Bridge [Pekin], November 26, 1901.

IMlinois River below Pekin, November 26, 1901.

Ilinois River at Grafton, January 5, and July 28, 1899.

Mississippi River at Grafton, January 5 and 18, February 15, May 24, and
July 28, 1899.

Mississippi River at Hartford, July 7 and August 17, 1900.

Mississippi River at Chain of Rocks, April 14 and December 7, 1899.
Mississippi River at Alton, December 6, 1899.

He then made the following statements: At Averyville the waters
are substantially uniform in quality throughout the entire section.
At Wesley the waters are not uniform, the greatest amount of pol-
lution being near the west shore. The same is true at the Terminal
Bridge. Substantially uniform conditions prevail throughout the
cross sections in Illinois River at Grafton. The waters of Illinois
and Mississippi rivers are not perfectly commingled at Hartford, that
of the Illinois persisting mainly along the Illinois shore. The cross-
section samples at Mitchell, 2 miles below the mouth of Missouri River,
show that the three bodies of water remain distinct. (5515-5525.)

Pages 5532-5558 of the record contain the analytical results of
further examinations made during October, November, and Decem-
ber, 1901, of samples taken from the following points:

Illinois River at Averyville.

Illinois River at Pekin.

Illinois River at Grafton.

Mississippi River at Grafton.
Missouri River at Fort Bellefontaine.

Mississippi River at Chain of Rocks (Illinois shore, midstream, intake tower,
and Missouri shore).
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Concerning the figures the witness stated that the waters of the
three rivers-—Mississippi, Illinois, and Missouri-—show great differ-
ences, and that water from the Illinois is deflected toward the east-
ern shore of the Mississippi and only small proportions of it come
into immediate contact with water from the Missouri. In total
oxygen required the waters from the three rivers rank from highest
to lowest in the following order: Missouri River, Mississippi River,
Illinois River. In oxygen required by matter in solution they rank
from highest to lowest in the following order: Mississipyi River, Illinois
River, Missouri River. Comparison of the results from the three
rivers in 1901 with results in 1899 showed improvement in the Mis-
sissippi and Illinois River waters and deterioration in the Missouri
River water. (5559-5563.)

With reference to the amount of organic matter in the water of
Illinois River before and after the opening of the drainage canal, the
witness stated that the results of determinations of organic nitrogen
by the Kjeldahl process on samples taken from Illinois River at
Kampsville during 1897 to 1902, inclusive, showed an average of
1.087 parts per million before the opening of the canal and 0.8966
part per million afterwards. This represents a decrease of 17.48 per
cent. Similar data for dissolved organic nitrogen showed a decrease
of 17.92 per cent for the three years after the opening of the canal.
During the same period there was 25 per cent decrease in the albu.
minoid ammonia, 6 per cent increase in free ammonia, 40 per cent
decrease in nitrites, and 15.67 per cent increase in nitrates. (5567
5573.)

The witness then entered into a long and very much involved
discussion of the amounts of organic nitrogen discharged into Des-
plaines River during the years immediately be<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>