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Some time a.go rr. Milton ?. Jidams, in chn:r.~ of the Vichigan Strea.m Cont.rol 

Commi ~,;ion, asked i :f we could run -:;ome experiments to determine the effect on :fish 

Ufe of' the effluent f"ron a rew type of ~ewa:,-.,_;e tren.tment plant. We under~tand that 

thh -ol.a.'l'lt h onerRting at Dearborn, that it is cheaper to install than treatment 

-plantg of other tynes, that 1t remove~ a fairly hi.f"h percentaee of ml!"!nended solid'cl 

in a filter-bed of magnetite sand, and th3t it yields nn effll1ent which on chemical 

tests seem to stand between tho<se obtained :Prom primary and from secondary t-rea.tment 

(we have not te-;itea these points ourse1veE). 

31nce a nn nrocess of treatment is. involved• it seemed d.esirable to determine 

the effect of the effluent of the new plant on fish life. The Insti+'.ute offerred to 

run some exr.,erimentr; to obtain data bearing on this pr~blem. As a consecr.ience of 

this agreement, a 5-gl'lllon ~ample in a ca:t"boy was brought to Ann .Arbor cl>out 10 :r- .i,. 
February 23, by representati ,,es of the Stream Control Commission. The carbo,1 wn,$' 

left outside, so tne liquid wns held undiluted :,.t a temperntur-e not f?;r aliove freez

ing. ;ytj1e exceriments were begun the n~xt day. 

r,:xneriment 1 

Two dilutions each of 0"., (controls), l0'.,25·, 33 1/3% and 66 2/3'[0 were made 

up a.bout 10 A.t{., using enough of our filtered anr! circulnting aquarium water to m::iJte 

u:p one liter of solution, in two-quart fruit jar~. One complete e:et was ~.eraterl b:;r 

compressed air. A Mcond complete ,;et 'Nl'l!c nl1.owed to st~d without any aeration 

exeent what entered throu,$ the limitef '-Urface. ~'le Mlut1ons were all brought 
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to the room temperature, about 25° c. before the fhh were added. Temperatures during 

the experiments varied from 22°0 to 26°0 in the different jars. The fish used 

were all half-grown guppies (Lebistes reticu~atus). This is a rather resistant 

tropical aquarium fish. The experiments wer-e o,11 started at 10:35 A.M. Februpry 24 • 

.A summary of the results follow: 

0'fo sewage ( cfnltrol) • not aerated; two fish. 

Hr. :Min. 
12:5() Remaining entirely normal 
21:15 same 
27:45 Still normal; experiment ended 

Of{, sewage (control), not aerated; two fish. 

ltr.:Min. 
12:50 Remaining entirely normal 
21:15 Same 
27:45 Still normal: experiment ended. 

lO;t sewage; ael!ated: two fish 

Hr. :Min. 
12 :50 Remaining entirely normal 
21:15 Same 
27:45 Still normalJ experiment ended. 

1~ sewage, not aerated: two fish. 

Hrl:Min. 
12:5() Remaining entirely normal 
21:15 Same 
27:45 Still normali experiment ended. 

25% se1fage, aerated: two fish 

Hr.:Min. 
12:50 Remaining entirely normal 
21:15 Same 
27 :45 still normal; experiment ended. 

25% sewage, not aerated; two fish. 

Hr. :Min. 
11:30 Remaining normal 
12:~ At surface, but otherwhe normal ,., 
21:15 same 
27:45 Apparently wholly norm.a.l; experiment ended. 

33 1/3% sewage, aerated: two fish 

Hr. :Min. 
7:08 .A.ppal"ently quite normal 



8:50 A bit sluggish 
14:4o No further weakening 

33 1/3'/, sewage, not aerated; two fish 

Hr. :Min. 
7:08 Apparently quite normal 
8:50 A bit sluggish 
11 :30 lfo change 
12:50 At surface, but otherwise normal 

21:15 Same 
27:45 Seemingly normal: experiment ended 

Hr. :Min. 
21 :15 No change 
27:45 J.pparently normal; experiment ended 

50% sew9&e, aerated for first 27 hr.: 45 min.: two fish. 

Hr. :Min. 
7:08 Apparently quite normal 
8:50 A bit ~luggish 
14:4o Wo fll.rther weakening 
21:15 Same 

5~ sewage, not aerated; three fish 

Hr. :Min. 
7:os Apparently quite normal 
8:50 A bit sluggish 
11:30 No change 
12 :50 A.t su.rf'aoe, but otherwise normal 
21 :15 No change 
27 :45 Apparently normal 

66 2/3% sewage, aerated; two fish. 

Hr. :Min. 
0t03 Wild, twisting around, head d.own 
0:15 Much quieter, ap-parently adjusted 
7:08 A-pparently quite normal 
8:50 A bit sluggish 
1414o No fu.rther weakening 
21:15 Same 

66 2/3% sewage, not aerated; three fish. 

Hr. :Min. 
0:03 Wild, twisting around, head down 
0:15 Milch quie-ter, a:poarently adjusted 
7:08 Apparently quite normal 
8t50 A bit sluggish 
11:30 No change 
12:50 At surface, but otherwise normal 

Hr. :Min. 
27:45 Seemingly about normal; aeration 

diseontinued 
30:00 O.K. 
35125 O.K. 
3S:25 O.K., tempera.tu.re 25°0. 
47:25 O.K.; tem_perature 24°0.; experiment 

ended. 

Hr. :Min. 
30;00 O.K. 0 
35:25 O.K.: temperature 26 c. 
3ih25 O.K.; have been eating sewage 

particles o 
47:45 O.K.; temoerature 24 C; experi

ment ended 

Hr. :Min. 
27:45 Seemingly about normal: aeration 

discontinued 
30 :oo O.X:.'; temoerature 22° o. 
35:25 O.K.- tenroerature 23° C. 
3g:25 o.x. 
47:45 O.K.; temperature 24°0.; experi

ment ended .• 

Hr. :Min. 
21:15 
27:45 
30:00 
35:25 
'38:25 
47:45 

Jfo ohange 
Apparently normal 
o.x.; temperature 23° c. 
O.K.; temoerature 24° c. 
O.K. 
O.K.; te~eratu.re 24°c; experi
ment ended. 

conclusion from Exoeriment h- Solutions of the sewage plant effluent as strong 
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u 1 part to two or even one part of water, even as strong as 2 parts of sewage to one 

of water, failed to kill any of the half-grown guppies, when kept under summer condi

tions. It is true that the guppy 1• a very resiste...nt fish and very thoroughly ao

clima.ted to aquarium conditions, but if there had been any partiC11larly toxic feature 

about the effluent, some of the fish would certainly have been killed, or would have 

died subsequently. The toxici t;y: -2,! ~ sewage effluent .!!S!l. ~ verz ..!.Q!.. 

Experiment 2 

In this experiment native fish were used, namely minnows and shiners :f'rom a 

creek near Ann Arbor. '!hese were almost entirely blunt.;.nosed minnows (Hnzorhynohus 

notatus) and common shiners (Notropis eormtus). As the two species showed no ap

parently differences in resistance, they are not separately considered. ~ree fish 

were put in ea.oh jar. These fhh were seined about 3:00 P.M. February 24, in water 

not far above freezing. The dilutions were ma.de u-p as for Experiment 1 in two-quart 

jars, just before the experiments were started at 11;15 P.M. February 24. All solutions 

were given a few minutes aeration after the fish were added. The creek water 1n which 

the f'i\llh were beil'€ kept was now up to 6°c, while the sewage sample had cooled to 

9°c. A.:f'ter mixing up the sewage with the aqu.arium water at about 24°0. the solutions 

were all cooled to 14° or 14.5°c, the temperature at the time of' the water which was 

flowing around. the jars. The water jacket and the water in the jars soon dropped to 

12°0. and remained at that :point until the flow of water in the jacket was stopped 

at 34 hr.: 45 min., after which time the temperature gradually rose to about 25° c. In 

this way, the creek fish, taken in water nearl~ freezing in temperature were tested as 

to their resistance to the sewage plM.t effluent at a spring temperature, and then 

were gradually acclimated to summer temoeratures while still in the solutions. 

Table I 

Hr. :Min. 
0:00-14.0 to 14. 5° c. ' ' 
g :35 •(•and no doubt ea.rlier)-12° o. 
17:20-about 12° o. 



Hr. :Min. 

34:45-,:...-12° c. 
36:30..:-.About 15°0. 
39:0~1s.5° to 20.0°c. 
41:0~.50 to 21.5° c. 
41:3S,.:.....20.5 to 2a0 c. 
4 7:05--All near 21i0 o. 
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Rr. :Min. 

These temperatures and times should be considered in interpreting the 

results of Experiment 2, which are now tabulated (Table II) 

Table It 

Summ.-u-y of Results of Experiment 2 

The figures refer to hours and minutes after beginntng the experiment. 

Strength of Solution 
in Terms of Sewaee 

05' aerated (control) 
~ not aerated (control) 

10% aerated 
1~ not aerated 
2% aerated 
2~ not aerated 
33. 1/ 3% aerated 
33 1/3% not a.era.ted. 
50% aerated 
5Q% not aerated 
66 2/ 3% aerated 
66 2/ 3% not aerated 

100% aerated 
100<;& not aerated. 

All 3 fish First fhh Other 
last seen found dead fish 
alive last 

56135 
157:30 
67,55 

109:45 
67:55 
81:45 

J 
56:35 
59,15 

177:30 
;7,05 ~ 
59:15 

47:05 

seen 
§:live 

-
63t15 

177:30 
69:2~ 
64:oo 

{, One twi tehing 
-?' A fourth control, in aerated jar, was alive at 137:45. but 
~ Remaining fish dying. 
{;- On of the three in this jar wa.s removed alive a.t 47:05. 
'Q' One nearly dead.I two weak. 
9' Remaining fish wild. 
J Remaining two fish nervous. 
-$' One was weakening at 63:15; both wild at 67:55 and 69:15. 
~ :For lone time had been lapping P..t surfaee. 
~ For some time had been gasping and twisting. 
-:0, s_ lu.ggish. from first_ • 
~ Remaining fish lspping. 

Second Third 
fish fish 
found. la.st 
dead seen 

a.live 
129:45 129:45 
177:30 177:30 

129;4~ -129:45 
133:45 153:25 

83:20 83:20 

56:3~ 
-

56:35 
64:oo 177:30 
- -so:45 

67:55 
!0:45 
841~ - -

47:05~ 47:05 

dead at 138:45. 

Third 
fish 
found 
dead 

130:45?' 

-130:45 
153:~ 
83: 5 -59:15 

-S1;45 
S6;45 
56:35 
56=35 
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Conclusion .!!:,Qm Experiment Z.:,.-'1'.h1$ experiment, even more thAO the previous one, 

shows that there ea:n be nothing very toxic about the Dearborn sewage effluent tested. 

ill the minnow~ and shiner~, which are relatively delicate species, lived for about 

a day and a half in solutions sraciing from Of; to 100,:1 sewage, whether aerated or not, 

and spring temperature conditions (about 12° O.). Even when the te~era.ture was then 

allowed to rise to mimmer conditions, the mortality was slow in appearing. In 1001& 

sewage the total life was about 2 days; in two-thirds sewage, 2 to 3 1/2 d83's; in 

2 5~ sewe.ge, 2 1/2 to more than 7 days; in one-third sewage, ~ to more than 7 days. 

Expert men t 3 

:rhis was a mass experiment, with control. These were made up 27 to 32 hours 

after the fieh had been caught, and about two days after the sewage s~le was col

lected. The fish now crowded in the collecting cans had become grad.U.all;y warmed. to 

21° o. The fish were divided among two bushel cang, containing 12 gallon.$ ea.ch. One 

contained aquarium water only (cooled. down to 20.5° I. for the start), while the other 

contained a. 50-50 mixture o:f that water and the sewage (the solution warmed to 21° 

at :first). Both lots were aerated. About 200 fish were put in each container. 

~ eewage (control): when this experiment was started on February 25 at 10:35 

P.M., a considerable ?lllni>er of the minnows in the collecting can were dying and all 

were lapping at the surface, and the water smelled foul. 

Hr. :Min. 
l:4o About 12 dying fish removed. 
2:25 About 20 sick and 2 dead fish, removed. 
ll:35 A.bout one-half dead. 
13:00 Abou.t three-fourths dead. 

50;( sewage; when this experiment was started a.t 5:l~0 P.M., .February 25, the 

n.m in the collecting can were in better condition. 

Hr.:Mtn. 
4:20 ill normal, except one sllall shiner. 
6:35 Onl~ one shiner dead a...~a a few others wild. 
7:20 A few shiners~ weak. 
16:20 About one-half dead. 
17:45 .A.bout three-fourths dead. 
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Conclusion~ E:imeriment l!.,-The fact that only one Tish out of about 200 

were killed a..nd only a few more were clearly weakened after bein~ kept at summer 

temperature (23.5° c.) in the 50% sewage for more than 7 hours is further indica

tion that this sewage effluent 1 s not particularly torle. The high losses sus

tained later were paralleled (even exceeded.) in the control. Unfortunately the 

control was not very accurate, as the fish when put into it were already in dis

tress. The large losses, similar to large losses oten experienced in minnow live

boxes, were probably due to overcrowding, a.~d to having been warmed up too fast. 

:Experiment 4 

In this experiment, started 10:50 P .. M. February 25, -part of the jars and 

solutions used in Exp. 1 were again enployed. These had stood after the completion 

of that experiment for 8 1/2 hours, without aeration, at a temperature of 22° to 

23° c. Original strengths of solution were 01, to 33 l/3~. One set of the series 

had been aerated for the period of experiment 1 (27 hr.: 45 min.), while the other 

half had not been aerated. None were aerated during Experiment 4. 

Later (12:31 to 1 :10 A.M. February 26) the experiment was repeated, again 

using minnows and shiners from the stock used in Experiments 2 end 3, under similar 

conditions. The experiment was also repeated., beginning 12:10 .A.M., Tebruary 26, 

with guppies (Lebistes reticulatus). of the same stock used in Experiment 1. The 

second lot of minnows and the guppies were in the jars together. 

Conclusion !!:21!! Experiment 4.-It is clear from BxpE,riment 4 that minnows 

and shiners ~ be very quickly killed in 10 to 33 1/3% solutions of the sewage 

effluent under condderation, after it has stood for several hours without aeration. 

Und.er the srone condition~ the gup-pies lived merrily on, showing only slight d1!=!

comfort by swimming at the surface. The re~lts "Ti th the minnows a'ld shiners are 

contradictory to those of F.xperiment 2. The lethal results obtained in ~rp. 4 

but not obtained in Experiment 2 were nrob ::-b ly due to the weakening of the fish 

used by longer overcrowding or by a lesi'! gradual cha.-,.1ge in temoerature. IJ.Tha.t the 



:Figures refer 

Strength of No. 
of 

solution in fish 
used 

terms of sew e 
'"jC 2 

01, 2 
Minnows lO;b 2 

10% 2 
and 25% 2 

25% 2 
Shiners 33 1/ 35t 2 
( first ser1es)33 1/3% 2 

Minnows 1~ 3= 
and 25% 2 
Shiners 33 1/31: 2 
Second series 

0% Gup-pies 1 
(Lebbtes 04 1 
reticu.latus 1~ 1 

1~ 1 
25;1 1 
2~ 1 

33 1/3% 1 
33 1/3% 1 
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Table III 

Summal"y of Results of 'Experiment 4. 

to hours and minutes 

Time Time All First 
aerated without fish fish 
before air lait found 
start before seen dead 

of B:ico. start alive 
27: 5 sno 2:20 11:10 

36:15 1 :51'?, 2:20 
27:45 s:30 2:2o>' 11:10 

36:15 0:02 0:05 
27:45 EH30 1:45,6, 1:51 

36:15 0:02,6..,- 0:05 
27:45 s:30 1:51 2:20 

36:15 0,02 0:05 
.. a .. 

38:16 0:1* 0:20 ·-- 38:39 o:o~ 0:08 
3s:39 0:08~ 0:16 

27:45 10:10 9:50 
37:55 9:50 

27145 10110 9:50 -
37:55 9:r,o 

2':45 10:10 9:50 
37:55 9:50 

27145 10:10 9:50 
37:55 9:50 

Other Second 
fish fish 
last found 
seen dead 
alive 
2:20 11:10 
1:51 2:20 
2:20~ 11:10 
o:o 0:10 
2:20 11:10 
0:02 0:05 
2:20 
onov 0:22 

0:39 9:29 
0:0B 0:16 
ozos 0:16 

.. 

Third Third 
fish fish 
la.st found 
seen dead 
alive 

-

9:29 -
0:0S 0:16 
O:OS O:t6 

~ Normal at 0:10; lapping nt 0:55 and l:20i one on back at mi:rfaee for !';Orne time at 1:45; both 
dying at 2:20. 

~Lapping at surface at 0:05. 0:55 and 1:20, indicating a.b~ence of dissolved oxygen; one a back 
at surface for some time at 1:45: weakening at 1:51. f Nearly normal at 0:05, 0:55 and 1:20; l@ping a.t 1:l-1-5 a.Tl.d 2:20. . 

~This one nearly dead at 0:05. 
~ At :>urface and one weakening at 0:05; losing equilibrium for some time at 0:55; one belly up 

at 1 :30 • a..TJ.d nearly dead at l :45; remaining one weakening at 2 :20. 
-4,Somewhat wild at 0:05 at 0:55; one losing equilibrium at 1:20 (lost at 1:45); the one minnow 

which lived through was the only CaD1Postoma used in the experirrent. 
,;[,, Spasmodic at O ro5. 
~ Wild and one losing equilbrium at O :03; one on "back at ~urface and other losing equilibrium 

at O :12. 

~ Lost equilibrium very soon; other fish dying r-t o:OS. 
-lQ.-, .All dying a.t O :OS. 
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deaths were not due solely to these circumstances is clear from the fact that the 

fishes died nuch faster in the solutions which had not been previously aerated than 

in those which had been aerRtad (see Table III). Clearly weakened fishes may succurrb 

to dilutions of this sewage effluent, even if healthy fish may not. The evidence 

indicates tha.t one a ay1 s thorough aeratio"l of the effluent would prob~bly largely 

destroy such fish-killing as it may have. 

Experiment 5 

This experiment was almost the same as Experiment 4, except that the solutions 

were made up anew, udng a sample of sewa,ge effluent which had been kept at aoubt 
0 

23 C. in a sealed fruit jar for about 38 hours. Dilutions of ~. 1%, ~ and 5% 

were ma.de up, in du:pliea.te, into one liter M lutions in two-quart fruit jars. The 

temperature was brought to that of the room (21.5°0). The d:uplicate solutions were 

made up about 11:35 P.M. February 25, and the fish added to one set at 11:45 P.M. 

same day, and to the other set at 10:35 .&.M. February 26. Two minnows were used in 

eaeh jar. No aeration was used.. Results are ·'1.ven in Table IV. 

Table IV 

Summary of Reoults of Experiment 5. Figures refer to hO')).rs ?..nd minutes. 

strength of Time exp. First fish First fish First fish Second fish Second 
solution in started belly up last seen dead last seen fish 
terms of after mak:1.ng and weak alive alive dead 

self~e up solution 
16:30 14:35 16:30 0:10 14-:35 

o:t lUOO 4i30 4:30 4:55 4:30 >;:55 
l~f 0:10 12:15 14:35 14:35 16:30 

14 11:00 2:35 4:30 2:35 4130 ,~ 
12:00 12:15 12:15 14:35 21, 0:10 12:00 

' 2j& 11:00 2:35 4130 2:35 4:30 
5% 0:10 12:00 12:15 14:35 12:15 14:35 
~'& 11:00 1:10 2:35 2:35 4:30 
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Conclusion ~ E;q,eriment 5!_- This experiment shows again th,a.t even weak 

solutions of the Dearborn sewage effluent mp,.y kill somewhat weakened. minnows and 

shiners, after the solutions have ~tood for some hours without aeration. Eut the 

fish died almost as fast in the controls containing no sewage. 

GENE...W. COXCLUSIOUS 

The sewage effluent from the new sewage disposal ple,nt at Dearborn contains 

~iapgaal nothing that is at all stro!l81Y toxic to fish. It contains obviously a 

rather high organia content, even a considerable a.mount of material in suspension, 

Under ordinary conditions, this sewage ·effluent if considerably diluted can hardly be 

regarded as particularly harmful to fish life, a.ssuming of course thnt the sample 

was a fair and representative one. Under certain conditions of limited dilution and 

of considerable $tagnat1on, especially in hot weather, it may be harmful to fish. 

Just how the effluent eolll'9ares with that of well di luted. but untreated sewage a.nd 

with that of other systems of sewage treatment we are not ~repar€d to state with 

definiteness. 

The organic particles 1>re~ent in the effluent may be somewhat noxims. The 

pollution of the Mississippi River h becoming ~.cute because the clay silt on 

deposition in qui~ stretches carries down with it the sewage particles to produee 

an over-rich bottom md which adversely affects the fishes, n:ussels end food 

organisms. To i;ome degrF.:e, the Dearborn sewa0;e may act likewise. A really clear 

sewage effluent is certainly desirable. 

~e did not consider the bacterial quru\llty of this effluent. nor did we deal 

with it chemically. We did test·. its pH, as we were told this sewage might run ... 
high in alkalinity. A.bout 13 hours after the seJ'IT!)le was receivec it te~ted only 

0 
8.0 (2 tests). The 100% non-aerated gamnle containing fishes. at 12 O, had the 

pH reduced to 7.6. 

CPrl t. Hubbs 

Director 
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