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THESI®



INTRODUCTION.,

As the result of a larre numbor of human beings being
concentrated upon a small area, the fundamental n-:eds of
individual 1ife mist he met by new means. Special measures
rust be adopted for retting food from a wide radlus into
*he ccnte” where so ruch of it 18 to be consumed. The spread
of epidomice which always throaten crowded comrmnities must
bo muarde’? arainst; and the waste products which accompany
all 1living processes mst be removed.

The magnitude and imvortance of these questions have
been such that tho State and federal supervision are necess-
ary, resulting in ool and Dairy Commieéione, and Boards of
iioalth,

This lasrt task, the rcmoval of the city's wastes, 1is
one of the nost difficult which confronts a modern municipal-
ity. i“rom oevery lar~sn city there pours out a river of wuste
material which polutern rtrcams, harbors, and sea shores, spoil-
ines what should be the chief ploasure spots of the city and
damersing proncrty values, 1f 1t does not actually threaten
hupan 1ife and health.

The simnlest solution of the problem, where it is per-
missible, nni1 the one most frequently employod in this country,
18 to dischurro the nevage directly into some flowing stream,
or lar-e body of fresh water, the ocean, or one of its estuaries.
™18 18 called "Jdisp-sal »Hy 4dilution". So far as chenpness is
concerned this stand» easily first amon~ the methods of dis-

posal, since it requires the purchase of no land and necds no
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care to remulate its working.

It 15 usually efficient also in removinrs the soware
beyond the 1imits of the aren contributing to its volume.
Looked at in a less selfish way, and consi&orins the good
of the State and country as well as of tho locality sewersed,
othef and adverse arguments preuscnt themselvcs in some cases.
Althourh the sevase is removed to a distance from the contri-
butiam territorv, it may be deposited in proximity to other
communitics, on banks or shoren, or retained by dams, thus
crosting a muisaunce; or mav render unfit for drinking, house-
hold, or manaf:cturine murnoses, water which woull otherwise
be 8o usei,

There are undoubtedly conditions unier which disposal
by ‘'1lution is much less objoctioﬁable than any other avail-
able mecthod. . nl in considering this 1t must be porne in
nind that the liocuid ruset ultimately be discharged into somre
stream or bol'y of water; the question being, therofore, to
what extent, if :t all, must 1t be purified or modified.
Undeor whnt conlitions anl to what extent a water receliving
newero will murify itsclf is a question which hus recei-ed
lenra attention than h:ive rnthods of treatine sewin-o, although
it 18 much thoe rmost cormon method of dlepoeal.

In discus:-ing the problem of pollution of waterways
man widely Alverse oniniona are expressed. There are those
on one hani who sneal” of absolute prevention of pollution as
thoush it wer: foarible to effect, while the orn~site view 1is
held by some, that the streams should rcceive the unrestricted
discharge of scwage from urhan communities. BRetween these two
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extremes lieces the logical position held by students of the
problem whose professional training and experience compels
attention. This latter position is held by sanitarians and
ssnitary engineers i goneral, and consiste in control of
rollution, using the streams whercver possible without det-
riment to tho ~ublic health. ‘The pollution of rivers, stroarse
and 1l:%ca within a State may be controlled by Ztate laws. The
problom of the control of great inter-state and international
lakes an! rivers {s not so simple.

The State of lVichiman has a law known as the "ater and
Sewure lew, for the murpose of establishing and maintaining
a cortein ‘lesree of suporvisory control over public water
surp'ios and over the discharge of sewage into the waters of
the State, this control being oxorcised throigh the medium
of tho State Board of llealth. In brief, the law outlines the
duties of both the “oard and the municip lity, makine certain
restrictions on the Board's power, and provisions for the re-
view and enforcorment of the orders of the Board by any court
of chancery or other court having jurisdiction. The main ro-
striction heinz that no power is grantel "to prevent any
minicinality now Aisposing of its sowupme into any rivor,
fror contimuing so to do". 0O first sisht this seers to Be
repurnant to *the rcenornl spirit of the law, but 1f construed
literally and strictly, does not anpear t0 be inconsistent
with the idea of rondering the serage innocuous previous to
its fin:'1 disvosition in a river.

All doubt or fear of such a situation was cast aside
vhen th« Nichipgan Supreme Court hande? down the decision in
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the Grani Rapido stream pollution case, Xay £8th, 1913.

"This was ¢ proc-e''ing in equity to declare and to abate
and restruin a public maeisance clamed to resul* from the dis-
charge of sewape and ni-ht soll from the city of Grand Rapids
into Grund River. The decision declares that the acts com-
plaine? of do create a public nuisance below the city, and
that the continuation or croeation of that nuisancoe may prop-
erly be restruined by injuaction, and that the Attorney ‘ieneral
is a »roner comnlainant."

"This deccision 1s baned unon the doctrine o rivarian
ownershi", and no+ rrimarily upon conaiderations of public
heslth such ‘o form the broad foundation of the Water and
Covage law. The right of the city, as a rivarian proprietor,
to make reasonable use of the waters of th: river is clearly
a'firmed; but the richt of the city to use the water of the
river for the purpose of cuarrying away the seware in an un-
reasonuble renncer, or in such a way as to destroy the useful -
neeg of the rivor to lower riparian proorietors or to impalr
their ricats or to unroanonably increase thoir burdens, 1s as
clcarly d¢fined.”™  Thus the question of what is rcasonable or
vnreasonablo use of a strear is a quenrtion of fact, to be
determined ue other facto sre determined.

In oricr that thege Tncte mav be determinel, 1t is necens-
ary to make a thorourh investigntion and study of the stroam
in quection. Such investigations and studies have been ‘ermed
"Sanitary Surveys."

"1th the incrocsing population (and correspondinrs in-

crease in amount of wasto raterials) of Lansing)questiona
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arise as to the effect or result of disposul of her wastes
by dilution 11 the Grand River. It was with this ideca that
"A S8anitarv Survey of the Grand River"was started.’

Sach surveys are usually carried onlsy the State Board
of Health or special commissions, in co-operation with munic-
ipal boards of health, and should cover at least a year's
oxarination. Thus 11 évident that oing to the lacY of time,
anraratus, and a:'gistents, this survey 1s only prelinminury
an?! showpo vhat mav be “onec in the future.

The writ~r wiches to express his sincere thanks for
the many helpful surgestions and co-operation given by
Professor .D.Rich and Mr. l.G.XcGee of the l'ichigan State
Board of ileeslth, Professor A.J.Clark of the Ghemistrv de-
partment of the Yichigen Agricultural College, and !iss Zae
Worthron of the "acteriological department cf the !‘ichiean

fericultural Collere.



TRIEATCHIENT o

The object thoroefore, of this survey is to determine
as far as »ossible (1) whether or not thore is a local nuis-
ance, (£) the effect of this pollution on thoc strear, and to
what extent the strear is able to purify itself.

In order that there determinatio~ s might be made in the
short time alloteed, only a few of the many methods were used.
It is cvident thnt all results would depen? on tho riischarce
thereforae the first problem was to gage the

of the stro:m,
"{th the 1ischarpme detemined, the next vroblem is

These could be Physical,

river.
to make the necessary examin-tions.

Chemical, ¥icroscopical, and Bacteriological if the necessary

apparatus, time and assistance were available, but as these

were limited, only *‘he following were considered. Under

¥ Chemical" it was decidied that Dissolved Oxygen would probably

be the best adaupted to the problem under consideration. Under

"Bacteriological" it wus ‘lecided that Total Counts on Litmus
Lactos Agar and Presurptive Tests for B. Coli would show the

condition of the stream and the self purification effect the

best.
"1th the above nroblems solved the next stop would be

in the “orm of a crcnclusi~n, embracing those results and :11

available data, tormether with the necessary assumntions.

A1l wor' of taking samples was done with a canoe, cov-
erinr ss rmach territorv as nossible during the day and camp-

ing out along the bhenlt at nisght. Much bad weather wes oncounter-

ed which m:'e the work very ‘isagrecable at tires and rade ac-

curacy more diffic:it.
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DISCHARGE.,
One of the United States Geological Surveg gaging
stations 18 loocated at the Seymour Street Bridge at North

Lansing., Daily readings are taken with a chain gage sus~

pende’ from the west end of the bridge, and are recordel

upon the daily roeports of Weather Bureau of the U.S. Depart-

rent of Agriculture. With the aid of a ratimg table of this

station i1t would be an easy matter to determine the discharge

on any narticular day. The last rating table on record w:s

made in 190F. 1If any chanse in the bed of the stream had

taken place it 18 ovident that the cross sectional area would

chanre and hence of the discharge for any particular gage

Therefore 1t was decided to survey and plot the cross

heisht.
This was done by

section vith roference to the chain gago.

level and level rod. The elevation of 7ero on the

the elevation of the 1ine of sigh* could be

neans of a

Tage belins rnown,

found from siehtir on the ~ame. The rod was extended and a

welght tied at the base, andl a long pole fastened near the ton.

This was 1ot dow: at five foot intervals anlonpg the west edge

of the bridge, and the rod reading taken. The cross section

was thon plottod torether with the gage. Then with the use

of a vlanimeter the area at any rarge heipght could be dstermined

very readily.
A small Price Current Yeter was used in detormining the

velocity of the stream. It was ‘lecided to take readings at

the ri7'1e of ten foot sections and six tentha of the depth

of tho water below the surface. These depths were easily oh-

tained from the crocs sectional drawing.
(7






As time was very limited thoe purnose of these ragings

was simply to checlr up the present dischargoe with that given

On the following prages will be found

by the table for 1905.
Thoe points

this table and the ri-sults of the writer's pgagin-.
checl clone enough for the end in view, and since the rcadings
on which the tablc was bhased, were made with a large Price

leter, they are nrobably more reliable, and hence the rating

table could »e used in the survoy.
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CHYI'ICAL TAAMINATION,

l.et ue first glunce at the dlagram of cycles for carbon,
nitrogen and sulphur.

‘@ are particularly interestcd in that
part known as "Destruction".

In every case we find thut it is
a procens of oxidat on or burning up, alded by the action of
bacteria. ‘hat is, changing unstable, petrofying, organic
mattar to stshle compounds. 1In order to do this the organic
ma- ter muct have oxveen, which 1t takes out of the water,

As
long as there is cuf®icient dilution the

~equired amount of
oxygen can be furnished, but as soon as the avallable oxygen

is exhausted, putrefactive changes will take nlace.

In other
words, it is simnly a question of a balance between the avail-

able oxyren of the stroam and tho oxygen which the organic
nattor will require.

Thue if we could mecasurc the amount of aveilable or

discolved oxvpgen in a samnle of water, we could ~et a relative
i'ca of the condition of tho stream. It was decided to use
the Winler Yethod for Dissolved Oxygen as recommended in

"Standard Joethods of Vater Anslysis" published by the Am-

erican Public Heanlth Association, which is as follows:-

¥inkler othod reasents., - 1. Fanganous sulvnhate sol-
ution:

Dizconlve 47 praras of manganours sulphate in 100 c.c.
of Aistilled water.

Te Solution of sodium hydrate and pnotassium iodiAde:

Dissolve 360 erams of sodium hvdrate and 100 grams of potas-

.8ium iodide in one 1liter of distilled water.

2, “ulvhuric acid.

Specific gravity 1.4 (dilution 1:1).

(12)
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4. Sodium thiosulpnate solution. Dissolve 8.7 frams
of chemlically pure recrystallized sodium thiosulphate in one
liter of distilled w+tor. This gives a N_ solution each c.c.
of which is equivalent to 0.2 nmrm, cf.oxy:gn or 0.139% c.c.
of oxyson at 0° C. and 780 mm. pressure. Inasmuch as t:is
solution is ot nermaneht it should be standardized occasion-
ally aguinst an N_ solution of potassium bichromate as des=-
cribed 1in almoet42ny worlz on volumetric analysis. The keep-
ing qualities of the thiosulphate solution are improved by
aldding to each liter 6 c.c. of chloroform and 1.5 prams of
armonium carbonate before making up to the prescribved volume.

F. Starch solution. ix a small amount of clean starchH
with cold wato~ until it becomes a thin paste, stir this into
150 to 200 times its weieht of boiling water. Boll for a few
minutes, thon sterilize. Tt 1mav be preserved by adding a fer
drops o” chloroform.

Collaction of the samn’e., - The samnlie shall he colloct-
ed with extreme care in order to avoid ontrainment or absorpt-
ion of any oxysen from the atmosrhere. The samnle hottle rhall
be preferahly a sglass-stopnered bottle with a narrow neck and
which hold1s at least 250 c.c. The exact cavacity of the bottle
shall be determincd and for convenient reforence this mav bo
scratched unon the glass with a dismond.

If a samnloe 18 to be collected from a tap the water
shall be made to enter the bottle through a glass or rubber
tube which rcaches to the bottom of the bottle, the water
heinz allowed to overflow for neveral minmutes, after which
the rlass stonmer is carefilly reptaced so that no hubble of
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alr 18 caurch+* hone th {t,

If the samnle 1s tn he enllected from tt:hp‘aurf‘ace of a
pond or tan% two bottl~s shall b~ nused, the 6rd1narv sample
and a second bo*tle of four times tho cap~city. Both bottles
shall be provided with temporary stopvers o? 4ouble'parﬂ?iutinn
and in both caser a rlass tube shall extend\through qngohole
of the stopper to the bettom of the bottle and a short mlass
tube shall enter the other hole of the atopper but not proe
ject into the Bottle. ‘The short tube of the samnle bottle shall
be connected with thoe long tube of the larscer bottla., In col=-
locting the samplo the sample bottle shall be immorsed in cthe
water and suction annliocd to the short tube of the large bottl
and enourh water drawn throush the hole to fill the larse bottle.
In this way the water in the nmwiler bottle will be chanred sev-
eral times and a fair samrle secured,

If the éumple is to be ‘aken at a depth below the surface
both bottles may be connected, lowered to the desired depth, and
1f?the smaller bottle 18 placed beneath the latger one the water
will enter the small bottle and pass from that into the larger
bottle, the air eacublng from the short tube of tho larpge bottle.
As soon as the small hottle has been fblied remove the toemporarv
stoppor and insert the permanent glass stopver using care not to
entrain any bubbles of alir.

Procedure. - Remove the stopper from the bottle and add
anproximately two c.c. of the manganous sulphate solution and
two c.c. of the sodium-hydrate potassium iodide solution del-
ivering both of these solutions beneath the surface of the liq-

uid by meuns of a ninette. Replace the stopper and mix the
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DISSOLVED OXYGEN FIELD APPARATUS
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“HIO®TVTmEOUD>

APPARATUS

FOR COLLECTION OF
DISSOLVED OXYGEN
SAMPLES

MADE By

P e
Scale F"= 4"
Large boltle holding twe liters.

Small “dissolved oxygen” bottle holding 250-300 c.c.
Small brass tube

Small brass tuve

Larger brass tube

Sheet metal otrap over neck of battle
Cast iron base, for weighting down
Metal clamp to Suppert B

Two holed rubber ;foPPf.rs

chord




contents of the bot*le by sha¥ing. Allow tho vnercinitate to

settle. Remove the stovnper, add 2 c.c. of sulvhuric acid and

mix thoroushlv. Up to this voint the procedure shall be car-

ried on in the field but after the sulphuric arid has been

addled and the stopver replaced there has been no further chance

and the rest of the operation may be conducted at leisure. lor

accurute work thore are a number of corrections necessary to bhe
made, but in actual practice it is seldom necessary to take

them into account as they are ordinarily much less than the

errorg of sumnling. Rinse the contents of the bottle into a

flask, titrute with N_ solution of sodium thiosulphate using a

40

few c,c. of the starch solution towards the end of titration.

Do not add the starch until the color has become a faint yellow;

titrate until the bluoc color disannears. If nitrites be present,

correction must hHo mrade.
Culculution of results. - The standard method of express-

ing results shall be by narts per million of oxy~7en by weicht.
It is somrtimes convenient to know the number of 6.¢. of

the gas per liter at 0° C. terperature and 760 mm. pressure

and also to know the percentage which the amount of gas presont

is of the maximum amount. capable of being dissolved by distilled

All three methods

water at the same temvperature and pressure.

of cualculation are therefore here given.

Oxvgen in narts »er million = 0.0002 N x 1,000,000 = 200 3

\J v
Oxyren in c.c. per liter = 00,1398 Hvx 1,000 = 13959
V'

[2]

ovyren in < of saturation = 200 N x 100 = 20,000 N
VxoO VxO

Yhore N = number of c.c. of %U thiosulphate solution.
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V = capacity of the bottle in c.c. less the volume of
the raneganous sulvhate and potassium 1odide solution added (i.e.,
less 4 c.c.).

O = the amount of oxysen in parts per million in water

saturated at the s:'me toemperatawe and pressure. Soe Table

(19)
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3 ABOVE LANSING

f . m o2 1a r .o [Q?
Ppia. pEr lS‘El % Saty
[ 288 . 90{ 9, 09 »nT 7 34 115,17
3 1 235 (13, 20| 9,18 11.». 7: 90 £3. 5
11 18 ;96 15,85| 9,27 19.71 T 49 116,0
e 1?7 230(12, 30| 9,46(10, 70 %4 1130
Cq 17 291|14,45| 9,46/| 9,98 e 95 105, 0
n 18 282110, 20| 9,37 7,23 5, 05 78,0
n a7 27512, 70| 9,46/| 9, 25 e 45 98, 0
E 17 285113,15| 9,46/ 9,30 8, 50 98,4
ISSOLVED OXYGEN TESTS' YROM LANSING TO PORTLAND
MAY 17th TO 20th 1915 DISCHAROR 250 gBe, »T,
P 14,8 280 9.45| 9,95 6,75 472 88, 0
@ 1%0 263 9,95/10, 27| 7,57 5, 28 75,8
H 13,5 261 (10,9510, 62| 7,80 5. 48 734
1 12,5 296(11,40/10, 38| &, 27 5. 78 7%.7
J 120 4| 8,45/10, 50| 6,95 4 18 6647
X 14,5 10,00( 9,95| 8,58 5,99 86,0
L 1350 28717, 70|10, 2712, 30 8, 58 1196
¥ 12,5 85(11,80/10, 38| 8, 28 8. 78 79,8
¥ 115 an 12,00(30, 62| 8,55 5,97 80,5
0 155 32|11, 85(10, 62/10, 20 z%ﬂ 96, 2
P 12,5 12,85(10, 38| 8, 56 8 82 4
Q 13 286(13,75(10,27] 9,63 6e 72 957
R 13 28713, 55/10, 27| 9,45 6, 60 2. 7

rated

Mere N = number off ‘d,¢s of

V=g

Q0 = amount of oxygen

at the

apacity of the bottle in

lésa 4 ¢.0.).

sdme tomperature and pressure. Sse

thiosulphate solut!tn,

Table

nanganous sulphate and potassium fodlde aolution Kd46Q (i.s.,

in parts per million in watér sat-

c.a¢ 1osa the volime of the




R3CERIOLOGICAT, EXANINATION,

In consilering this ~hase of the work manv difficulties
prezsente’ themaselves. The samples should be examined within
six hburs of the time of taking. It would be imrossible to
collect very many samples, pack them in ice, and get back to

the laboratopy within six hours, especlally at any distance

from Lansing. It was, therefore, decided to take such apparatus

and medlia as coull be used in the field.
The tests docided upon included total count and red col-
onies 01 1litmus lactose arar, and presumptive tests for B. Cnli

using litmus lactos bile. The prevaration of media was accord-

ing to "Standard ethods of Yater Analysis”.
I.itmus L.actose Agar.
1. Boil 19 or 18 g. thread agar in 500 c.c. water for
half an hour amd make up weight uv to §00 g. or digest for 15
minutes in the antoclave. Let this cool to about 60° C.

2. Infuse K00 g. lean meat 24 hours with §00 c.c. water

(11stilled) in refrigerator.
*. l’ake up any loss by evaporation.

4, Strain infusion throurh cotton flannel.

. Velgh Tiltored infusion.

f. Add two per cent of Titte's peptone.

7. Yarm o water hnath, stirring ti1ill neptone is diasolved
and not allow tho temmaraturc to rise above 80° C,

2, To 00 ;e of the mest infusion add 500 g.oc. of the

throo percent. arae, keoning the temperaturs below 80° ¢,

9. Titrate, after boiling on~ mimute, to exnel carbonic

acid.
(23)




BACTERIOLOGICAL TFIELD APRARATUS
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10. Adjust rcaction to neutrul by addine normal hydro-
chlorie acid or sodium hyidrate as required, using Phenolph-
thelein as an indiecat-p,

11, Heat over hoiling water (or steam) bath for 40 minutos.

12, Restore loss by evanoration.

13. Readjust to normal, if necess:ry, and boil § minutes
over free flame, constantly stirring.

14. ¥ake up loss by evaporation.

F. ilter throurh absorbent cotton and cotton flannel,
passing the filtrate through the filter until clear.

16. Titrate and record the final reaction.

17. Add one percont of lactose and one nercont of
azolitmin solution.

18. Tube, using 10 c.c. of medium in each tube.

19. Sterilize 15 mimites in the antoclave at 120°, or
for 20 minutes in satresmnin- steam on three successive days.

0. Store in the ice chest in a molirt atrosphere to
prevent evaporation.

Litmus Lactose Bile.

This medium consists of sterilized, undiluted fresh ox

rall (or a ten per cent solution of dry fresh ox gall) to

which has been aidicd one ner cent of peptone andi one nercent of

lactose,

(25)
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DISCUSEION,

In solving th: first problem, (1), whether or not,
there 1s a local muisance, use is made of the tentative
standard for dicsolved oxygen in New York harbor established by
the New York letropolitan Sewerage Commission. There must be
at least 3 c.c. of dissolved oxygen gas per liter of water.

S5ince 1 c.c. of oxygen weighs 1.434 milligrams.

3 c.0. of oxygen weighs 4.308 "
1 p.p. ¥ = 1 milligram per liter

or the N.Y.M.f.C. standard = 4,302 p.p. M.

The water in the New Yor): harbor is considered as containing
80 7 of sen water (chlorine in sea water = 18,000 p.p. L.)
anl 40 “ of fresh water. Useinz 15° C.,the temperaturc found
in the worat cuse of dimsolved oxvgen at station F on April
30, 191%, end referring to table 12, page 82 of Standarda
Methods of Tater Analysisc we can find the amount of oxyren at
saturation.

18,000 p.p.X x 80 % = 10,800 @,p.M. of chlorine.

10,800 B,P.¥ at 15° C. = 9.08 B,p.M.D. O. at saturation.

4.302 ¢ 9.08 = 47.4 7 of saturation allowable.

Comparing our worst case which was 53.8 % we find that
it 18 within th: allowable limit.

Considering the question from the standpoint of dilution
of seware r-quired to prevent nuisance, use of the forrula as
found on page 782 of the American C. E. Hand Book is made.

D=x=fm=1
8 o o

A1lution rcquirel to prevent nuisance.

(=
"

(27)



X = volume of water.

8 = volume of sewage.

o = amount of dissolved oxyren in the water,

m = the result of the "oxygen consumed®” te: -t in p.p.l.

f = factor = 4 for £ minute test.

If the wa‘er is coénsidered as having 100 7 saturation
then o = 9.84 at 15° C. Aesuming the volume of sewage = 100
mallons per capita daily, then for an averagoe city sewage the
amount of oxyren consumed as shown by the £ mimute test is &8
P.p.lle Or If = 232,

D=x= 282 = 23,5

8 9.84

Lansing has a population of about 38,000, pf whdch
about 30,000 are connected with the sewers. Iiast Lansing
and the College have a combined population of probably adbout
5,000 most of which are connected with the sewers. This makes
a total of 35,000 people or 3%,500,000 gallons per day.

2,600,000 gallons per day = 5.36 cu.ft. per second.

Substituting in D = x we have 23.5 = %
8 B5.35

x = 176 sec. ft.

The rating table sives 1A7 esec. ft. for a rare heisht
of 1.F feet, which is ubout the lowest that the water ever
gots as shown by the rocords of the U.S. Department of Ag-
riculture.

If we were to figure a worse condition, s"y a temperature
of £8° C. and the water only 70 ~ s:turation, then o = 7.94
and D= x= 232 = 29,0

8 7.94

29,2 = x sy Or x = 178 gec. ft.
£.35

(28)



Even in thi: case there wo:ld be enocugh dilution, al-
though 1t would be approacéing the 1limit.

In the case of the Chicage Drainage Canal, Rudolph
Nerins provided for at least 3.33 cu. ft. pcr second of water
for the dilution of thoe sowage of each 1,000 persons. X. H,.
Goodnough nlaces the limite for llassachusetts conditions be-
tween 3.5 and 8 cu. ft. per second. Rafter used 4 cu. ft. per
socond for certail e~ York conditiocns.

Using tho 41 “ferent factors in this case we would have

86 x 3t = 210 sec. ft.

b x 3F = 17F v "

4 x 3F = 140 " "

3.33 x 35 = 117 sec. ft.

Using the average of these, we find there 1is nlenty of
flow as long ne the gage remains at or above 1l.f, If it

drops below this there 1s likely to be trouble.
If any trouble =t all is caused, it will probably be

during the month of .July, Aursust, and September, when the temp-
erature is the hirhedt and the diacharge is the least. Therefors
results obtained in April and Yay of a normal year would not
five the worst conditions. This epring has bsen an urusually
dry ono as is rhown by the accompanying Monthly Meteorological
Summaries. There are on record only two years when the rain-
fall for Yarch and Anril has been belo® that for this year.

Thet wae in 187K and in 1895,and now in 191F we have another
dry onring. ‘There nreems to be a coincidence of 20 years avart.
The averasge reei:ng of the same for April 1915 was 2.8 f-et,

while the averagse for the last 9 years 18 4.3 feet. The aver-
(29)
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age readins of the ruge for May 1915 was 1.9 fect whilec tire
average for tha 1last F years is 3.7 fert showing the lack of
flow feor the normal.

In solving the othor problem, (2) the e*fcct of this
pollution on the streum, and to what extent the stream is
able to purify itself, no oxact standards ca': be uscd. The
results o the disrolved oxygen tests show a seneral increase
in dicsolved oxygen as the river continues on its way, after
being laion heavily at Lansi~~., The total counts of bacteria
shov very nicely the manncr in which the purification talres
place. Tho vresumptive tests for B. Colil show that the water
18 not safe to use for drinking purvoses, even down as far
ar Portiand without treatment., Better resnlts would have
been obtained if greater dilutiones had been used in testing.
Those tests simply mive a preliminary idea of what could be done.

Some of tho results on dissolved oxygen show over 100
saturation. This ot first may look erroneocus, but on further
consideration 1t loo%s very vprobable that these results nmight
be obtaincd. This is due to several reasons, the water above
these stations had bee: running over a shallow stony bed full
of rocks and hal absorbed considerable oxygen from the air

A

until it “as close to 100 ™ saturated, then if thore were
growineg nlants, which rmive out oxvsen into the water, more
1 -ht DhHe miven out than could be diffused and 1liberated at
the surface. Thercforo anv conelderation of the questio-
should involve a study of plankton forms and also of the de-

tached growt s on the shoros of thec river.

(5n)



CONCIUSION.

Prom vhat observations =2nd dcterminations I have been
able to mhke, I would say that the present method of Adigposnl
of éawage by dilution at Lansins is satisfactory.

The strcam is an ideal one for that purnoseas it con-
tains stretches of rapid shallow water, separated by pools
of back water. The formor allowing absérption of oxygen
from the atmosphere, killing of bacteria by sunlight, and
thorourh mixing of the orgakic matter wit» the water andi
oxysen. The latter allowine chemical and bacterial action,
torether wit sedimentation.

There 1s no '"nrer of polluting the water supplies of
cities or towns below Lansing as they all obtain thoir esuvplies
fror wells, with the exreption of Grand Rapid-, which has a
modern rapid sand filtor.

Yany complaints are made by far-ers bctween Lansing and
irand Ledge about the condition of the water and banks of the
stream. In warn weather offensive odors are civen off and the
better class of fish have left for purer wator. Nany dead
fish are teo be see: in this locality. The bottom of the
stream in many plaéea looks somewhat like a sludge bed. One
roint whieh arises is there danger to the cattle or live stock
along the rPlwver-from drinking the water or wading throughit?
As ve ret on down belov Grand lLedge the water hecomes ruch
svifte - and better an? heore arriving in Portland you pass
thﬁough good fishing arounds where brgs may be caught. The

presence of thecze fish shows tn some extent the purification

(32)



that muet have ta"en place in the ater.

Below Portland we find several large power dams which
hold the river back, making it arrear more like a lake.
General appearance and condition seemed to increase and good
fishing abounds. No complaints are heard from the inhabitants

of this district about the condition of the water.

After completing the examination in the field the atten-
tion of the writer was called to the report of the Committee
at Havana meeting of 1911 in regard to dissolved oxygen which is
as followg:- "It has been shown by Adeny and Letts (8th Report of
the Roynl Commission on Sewage Disposal) that the Winkler method
rives unreliable results when it ie applied to polluted waters.
oontaining nitrites or considerable organic matte-. The former
causes high results because of the liberation of iodpne by ox-
i1-s of nitrogen inkoid solution, an€ the latter ocausos low
}esulte by 1its reduction of iodine. These discrepancies are
especially marked in tests of harbor waters polluted by sewage.
Conecequently your committce recommends, pending investigation,
that when polluted wuters are analyzed for dissolved oxygen, that
corrections by means o a blank be made of that the Levy method
be used. One pood modification of the latter is that used by
the Ketropolitan Sewerame Commicsion of New York (Report “or
1910, page 401)."

Dissolved Oxygen lethod used in Néw York
Harbor lethod.
(Vodification of Levy method, see ason, page 110,)
| Solutions. i

Standard Fe 50, =- 144 gr. (Kahlbaum's crystalized sulphate) and
(33)



15 c.c. oconc. Hp50, all diluted to 3 liters. .

Standard Na2603 -= 200 gr. in 1 1liter of water.
Standard HQSO‘ &a- dilution, one part acid and one vnart water.
Standari potascium permanganate -- 25.4 gr. in water diluting to
4,5 liters. Standardized against especially prenared
llohz's salt, one c.c. = 1 ¢c.c. oxygen.
Bottles.
600 c.c. recommendel but 260 - 300 c.c. O.¥.
Operation.

Fill the bottle with tho sample under proper conditions.
Remove the stoper add 8 c.c. of e SO4 to the bottonr, then &
Cc.c. NaoCOx at the tov. SGet the stopper in and shake. Then
remove the stopver and ald 10 c.c. sto4 solution. This sets
the samplc and dissolves the percipitate allowinc the titration
to proceed with potassium permanganate.

Run a blank using the same water and the same procoedure
only orbtting the addition of the !!a2003 which gives an alkae
line rcaction, and aalows the D.0O. to work. The number of c.c.
of potassium permanzanate used in this blank determination,
nimus tho number wbBed in the first or sample test, gives the
number of c.c. of dissolved oxygen in the sample. PPut the
~esult in terms of c.c. of oxygen per liteor.

It is thereforo evident that this method should be used

in any future consideration of this question.

(34)
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