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EEFFACT 0¥ TISE LIW OF uFFLUGHT TRQY NIV STNALS TEZATVENT PLANT

AT DUATTOTN, MICEIGAN

Some time aso ¥r. Yilton P, Ldams, in charze of the Michigan Stream Control
Sommisainn, asked 1f we could run some experiments to determine the effect on fish
life of the effluent from a new type of sewaze ireatment plant. We underctand that
this nlant i{s overating at Nearborn, that it ie¢ cheaper to {nstall than treatment
plants of other tyves, that 1t removes a falrly hish percentage of susvended solids
in a filter-bed of magnetite sand, and that it yielde an effluent which on chemical
tests secem to stand between those obtained from primeary and from secondary trestment
(we have not tested these points ourselves).

Aince a new mrocess of trestmert 1ic involved, it seemed desirable to determine
the effect of the effluent of the new plant on fish life. The Institute offerred to
run some exveriments to obtaln data bearing on this prdblem. As s consequence of
this agresment, a S-gsllon sample in a carboy was brought to Ann Arbor sbout 10 p.J¥,
Yebruary 23, by reprezentatives of the Stream Control Commission. 7The carboy was
left outzlde, z0 the liguid was held undiluted nt 2 tempersture not far above freege
ing. The exrneriments were begun the next day.

Fxneriment 1

Two dilutions each of 0% (controls), 107,25, 33 1/3% and 65 2/3% were made
up about 10 A.M., usinz enough of our filtered and eirculrting agquarium water to make

up one liter of solution, in two-quart frult jars. One complete et wns zerated by
comnressed air. A zecond complete set was allowed to stand without any aeration

excent what entered throush the limited ~urface. “he solutions were all broucht
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to the room temperature, about 25° C, before the fish were added. Temperatures during
the experiments varled from 22°C to 26°C in the different jars. The fish used

were all half-grown gupples (Lebistes reticulatus). This is a rather resistant

tropical aquarium fish. The experiments were o1l started at 10:35 A.M. Februery 24,
A summary of the results follow:
0% sewage (cémtrol), met aerated; two fish.

Hr.:Min.

12:50 Remaining entirely normal
21:15 Same

27:45 Still normal; experiment ended

0% sewage (control), not aerated; two fish.

Hr. :Mino

12:50 Remaining entirely normal
21:15 Same

27:45 St1l1l normal; experiment ended.

104 sewage; aePated; two fish

Br, :Min.

12:50 Remaining entirely normal
21:15 Same

27:4%5 3t111 normal}] experiment ended.

104 sewage, not aerated; two fish,

Hrl:Min.

12:50 Remaining entirely normal
21:15 Same

27:45 St1ll normal; experiment ended.

2%% sewage, aerated; two fish

Hr. tMin.

12:50 Remaining entirely normal
21:15 Same

27:45 Still normal; experiment ended.

254 sewage, not aerated; two fish.

Hr,:Min.

11:30 Remaining normsl

12:50 At surface, but otherwise normal

21:15 Sams

27:45 Apparently wholly normsl; experiment ended.

33 1/34 sewage, eerated; two flsh

HI’ [ ) :Min L)
7:08 Apparently quite normal



8:50 A bit slugzish
14:40 No further weakening

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

Hr.:Min.

7208 Apparently quite normal

8:50 A bit sluggish

11:30 Ko change

12:50 At surface, but otherwise normsl

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

Hr. i¥in,
21:15 No change

27:45 Apparently normal; experiment ended

50% sewage, aerated for first 27 hr.: Y45 min.; two fish.

Hr.Min.

7:08 Apvarently quite normal
8450 A bit sluggish

14:40 No further weakening
21:15 Same

504 sewage, not serated; three fish

Hr. Min.

7:08 Apparently quite normal

8:50 A bit slugglsh

11:30 Ho change

12:50 At surface, but otherwise normal
21115 No change

27:45 Apparently normal

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

Hr.:Min.

0:03 w7ild, twiszting arocund, head down
0:15 Much quieter, apparently adjusted
7:08 Apparently quite normal

8:50 A bit sluggzich

14240 No further weakening

21:1%5 Same

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

Hr. Min,

§:03 wild, twisting around, head down
0215 Much quieter, apverently adjusted
7:08 Apparently quite normal

8:50 A bit sluggish

11:30 No change

12150 At surface, but otherwise normal

Er. in.
27:45 Seemingly sbout normal; aeration
diseontimied
30:00 0.X.
35125 0.K.
8:25 0.K., temperature 2 °c.
7:25 0.K.: temmerature 24°C.; experiment
ended.

Er.:Min,

30500 0.%.

35:25 0.K.; temperature 26° ¢.

38:25 0.K.; have been eating sewage
particles

47:45 0.K.; temperature 2h C: experi-

ment ended

Hr. tMin.

27:45 Seemingly sbout normal; aeration
discontimuied

0.K.'; temperature 22° ¢.
0.K.—~ temperature 23° ¢C.
0.X.

0.K.; temperature 24°¢C.;
ment ended.

30:00
35325
as:as

T:l5 experi-

Hr. $¥in.
21315 Ho change
27:45 Apparently normal o
30200 O0.K.; temperature 2 C.
}5.25 O.K.: temrperature oL@ ¢.
38 0.K.
45 0.K.; temperature 24°C; experi-
ment ended.

Conelusion from Zxperiment l.— Solutiomns of the sewage plant effluent as strong
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as 1 part to two or even one part of water, even as strong as 2 parts of sewage to one
of water, falled to ki1l any of the half-grown guppies, when kept under summer condi-
tions. It is true that the gurpy 1x a very resistant fish and very thoroughly ao-
climated to aguarium conditions, but if there had been any particularly toxic feature
about the effluent, some of the fish would certainly have been killed, or would have

died subsequently. The toxicity of thils sewage effluent mast be very low.

Experiment 2
In this experiment native fish were used, namely minnows and shiners from a
ereek near Ann Arbor. These were almost entirely blunt-nosed minnows (H@ orhymchus

not atus) and common shiners (Notropis cormtus). As the two species showed no ap-

parently differences in resistance, they are not separately considered. Three fish
were put in each jar. These fish were seined sbout 3:00 P.M, February 24, in water

not far sbove freezing. The dllutions were made up as for Experimsent 1 in two-quart
jars, just before the experiments were started at 11:15 P.M., February 24. All solutions
were given a few mirmutes ameration after the fish were added. The ercek water in which
the fish were being kept was now up to 6°G, while the sewaze sample had cooled to

9%g, After mixing up the sewage with the aquarium water at about 249¢, the solutions
were all cooled to 14° or 14.5°C, the temperature at the time of the water which was
flowinz around the jars. The water jacket and the water in the jars soon dropped to
12°C. and remained at that point until the flow of water in the Jacket was stopped

at 34 hr.: U5 min., after which time the temperature gradually rose to sbout 25° 6. In
this way, the creek fish, taken in water nearly freezing in temperature were tested as

to their recistance to the sewage plant effluent at a spring temperature, and then

were gredually acclimated to summer temperatures while still in the solutioms.

Table I
Summary of temperatures in Zxp. 2.

Hr, :Min.
0:00—14.0 to 14.5% C. ‘o
8:35 (and no doubt earlier)—12° C.

17:20—sbout 12° C.
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Hr. :B.-?in. Er. :Min.

3Ueln 120 0, 56:3523, 5 to 2u.5°C.
36:30about 15°C. 59:15--23,5%.

Eq :05--18.5°% to 20.0%. 63:15.223,6° to 25.0° ¢,
1:05-—20.59 to 21 5% ¢C. 67:55—2L.50 to 25.00 C.
41:35-20.5 to 28° C. 69:25-214,0° to 25.2° ¢,
47:05—A411 near 24° ¢. 80:45..23.60 to 25,00 €.

Thezse temperatures and times should be considered in interpreting the
results of Experiment 2, which are now tabulated (Table 1I)
Table II
Summary of Results of Experiment 2

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

Strength of Solution A1l 3 fish Pirst fish Other Second Third Third
in Terms of Seware last seen  found dead fish fish fish fish
alive last found last found
seen dead seen dead

slive alive

0% aerated (control) 47305 WV 56135 109:45 129:45 129348 130:49¢

04 not serated (control) 153:65 157:30 157230 177:30 177:30 -
104 aerated 64200 67:25 177: ao -
104 not serated g6shs 109: 109105 129:48% 129-h5 130245
25$' aerated 64300 5 137:&5 138145  153:28 153:25
25% not aerated 80 L5 81:25 gl:ls 82120 83:20 87345
33 1/3% aerated 177:30 ¥ - - - -

33 1/3% not aerated 473055 56 £35 561380 56135 59:15
55(())&% aerated 56235 59:15 3:15 6400 177230 -

4 not asrated 157:30 177330 - -
66 2/3% aecrated 1: 35 - B71305 W gg 1266 so ks go:ls 81:k5
66 2/34’ not amerated E .35 59:1% 6U00 67:55  8Bhskl 86345

10604 aerated 17205 - - - - 56135
100% not_aerated 41335 W 47108 - 47:05%2 47:05 135

Q/One twitching
¥ A fourth control, in aerated jar, was alive at 137:U5, but dead at 138345.
¥V Remalning fish dying.
On of the three in this jar was removed alive at 47:05%.
One nearly dsad: two weak.
Remaining fich wild.
V Remgining two fish nervous.
¥ One was weskening at 63:1%5; both wild at 67:55 and 69:15.
¥ vor long time had been lapving at surface.
\1}7 For some time had been zasping and twisting.

¥ Slugzish from first,
Remaining fish lapping.
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gonclusion from Experiment 2.—This experiment, even more than the previous one,
shows that there ¢an be nothing very toxic about the Dearborn sewage effluent tested.
All the minnows and shiners, which are relatively delicate species, lived for about
a day and a half in solutions zrading from 0% to 100% sewage, whether aerated or not,
and spring temperature conditions {about 12° G.). Even when the temperature was them
allowed to rise to mummer conditions, the mortality was slow in appearing. In 100%

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

2
504 sewaze, 2 1/2 to more than 7 days; in one-third sewage, %6 to more than 7 days.

Experiment 3

This was a mass experiment, with control. These wers made up 27 to 32 hours
after the fish had been canght, and about two days after the sewage sample was col-
lecteds The fish now crowded in the collecting cans had become gradually warmed to
21° 0. The fish were divided among two bushel cana, contalining 12 gallons each. One
contalned aguarium water only {ecooled down to 20.5° @, for the start), while the other
cont ained a 50-50 mixture of that water and the sewage {the solution warmed to 21°
at first). Both lots were aerated. About 200 fish were put in each container.

6% sewagze (control); when this experiment was starged on February 25 at 10:35
P.Y., 'a considerable manber of the minnows in the collecting can were dying and all
were lapping at the surface, and the water smelled foul.

Hr.Min.
1:40 sbout 12 dying fish removed.
2:25 About 20 sick and 2 dead fish, removed.
11235 About one-half dead.
13200 About three-fourths dead.
504 sewage; when this experiment was started at 5:40 P.M., February 25, the

fish in the collecting can were in betier condition.

Hr.¥in.

4220 All normal, except one shall shiner.

6:35 Only one shiner dead and a few others wild.
7:20 A few shiners apmar wealk.

16:20 About one-half dead.

17:45 About three-fourths dead.
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Conclusion from Experiment 3.—~—The fact that only one fisk out of about 200

were killed and only a few more were clearly weakened after being kept at summer
temperature (23.5° C.) in the 50% sewage for more than T hours is further indica-
tion that this sewage effluent is not particularly toxle. 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 ofen experienced in minnow live-
boxes, were probably due to overcrowding, and to having been warmed up tod fast.
Experiment 4

In this experiment, started 10:50 P.M. Tebruary 25, part of the jars and
solutions used in Exp. 1 were again employed. These had stood after the completion
of that experiment for 8 1/2 hours, without aeration, at a temperature of ?.20 to
23% C. Original strengths of solution were 0% to 33 1/34. One set of the series
had been amerated for the period of experiment 1 (27 hr.: lL5 min.), while the other
half had not been aerated. None were serated durinz Experiment U.

Later (12:31 to 1:10 A.M. February 26) the experiment was repeated, agzain
using minnows and shiners from the stock used in Experiments 2 and 3, under similar
conditions. The experiment was also repeated, beginninz 12:10 A.M., Pebruary 26,

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

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

gonclusion from Experiment 4.~It is clear frow Experiment 4 that minnows

and shiners can be very quickly killed in 10 to 33 1/3% solutions of the sewage
effluent under consideration, after it has stood for several hours without aeration.
Under the same conditions the gupvles lived merrily on, showing only slight die-
confort by swimming at the surface. The results with the minnows and shiners are
contradictory to those of Fxperiment 2. The lethal results obtained in Zxp. 4

but not obtained in Experiment 2 were vrobzbly due to the weakening of the fish

used by longer overcrowding or ty a less gradual change in temverature. That the
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Table III

Sumuary of Results of Experiment L.

Flgures refer to hours and minutes

Strength of Ho. Time Time All  ®irst Other Seecond Third Third
of aerated without fish fish fish fish fish fish
solution in fish before  air lagt founéd last found last  found
used start before seen dead seen dead seen  dead
terms of sewage of Zxp. start alive alive alive
7 2 o715 8230 2:20% 11:10 2:20  11:10 - -
0% 2 - 36115 1:51¢ 2:20 1151 2200 - -
¥innows 10% 2 27245 g:30 2:2 11:10 2:20 11:10
104 2 - 36115 0102 0:05  0:0 0:10 - -
and 25% 2 27145 8330 1:45% 1:51 2:20  11:10 - -
25% 2 - 36:15 0:02, 0:05  0:02 0:05 - -
Shiners 33 136 2 o745 g:30 1:516/ 2:20 2120 - - -
(first ceries)33 1/34 2 - 36115 0t02 0305 00 0322 - -
Minnows 104 3 - 18116 0:1% 0:20  0:39 9:29 9:29 .
and 254 2 - 38:39 0:023- 0:08  0:08 0116 0:08 0:16
Shiners 33 1/ 2 - 39139 0:08 0:16  01:08 0:16 0:08 0216
Second series
Guppies 0% 1 27345 10:10 9:50 - - - - -
(Lebistes 0. 1 - 37255 9:50 - - - - -
reticulatus 10% 1 27145 10110 9:50 - - - - -
104 1 - 3755 9:%0 - - - - -
25, 1 27:5  10:10 9t50 - - - - -
2574 1 - 37255 9:50 - - - - -
33 1/3% 1 271345 10:10 9150 - - - - -
33 /3% 1 - 37255 9:50 - - - - -

3 Normal at 03110; lapping at 0:55 and 1:20§ one on back at

dyingz at 2:20.

@?Impping at surface at 0:05, 0225 and 1:20, indicating sb<ence of dissolved
at surface for some time at 1:

5; weakening at 1:51.

Nearly normal at 0:05, 0:55 and 1:20; lapping =t 1:45 and 2:20.
This one nearly dead at 0:05.
" At surface and one weakening at 0:05; losing equilibrium for some time at 0:55; one belly up
at 1:30, and nearly dead at 1:4%; remaining one weakening at 2:20.
é?Sonwwhat 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 Campostoma used in the expsriment.

¥ Spasmodic at 0305.
€ wild and one losing equilbrium at 0:03; one on tack at surface and other 1

at 0:12-

éLIpst equilibrium very soon; other fish dying =t 0:08.

10 A11 aying at 0:08.

surface for some

oxygZen,

time at 1:45; both

one ek back

osing eguilibrium
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deaths were not due solely to these circumstances is clear from the fact that the
fishes dled much faster in the solutions which had not been previously aerated than
in those which had been acrated (see Table ITI). Clearly weakened fishes may succumb
to dilutions of this sewage effluent, even if healthy fish may not. The evidence
indicates that one day's thorough aeration of the effluent would probzbly largely
destroy such fish<killing as it may have.

Experiment §

This experiment was almost the same as Experiment L4, exeept that the solutions
were made up anew, using a sample of sewage effluent which had been kept at aoubt
230 C. in a sealed fruit jar for sbout 38 hours. Dilutions of 0, 14, 2¢ and 5
were made up, in duplicate, into one liter solutioms in two-quart fruit jars. The
temperature was brought to that of the room (21.500). The duplicate solutions were
made up about 11335 P.M, February 25, and the fish added to one set at 11:45 PV,
same day, and to the other set at 10:75 E.M. February 26, Two minnows were used in
each Jar. No aeration was used. DResults are =~iven in Taeble IV.

Table IV

Summary of Results of Experiment /. Pigures refer to hoprs snd mimtes.

Strength of Time exp. First fish Pirst fish PFirst fish Second fish Second
solution in started belly up last seen dead last seen  fish
terms of after making and weak alive alive dead
sewage up solution
% 0:10 - 14235 16130 143235 16:30
o4 11:00 b330 4:30 Y55 4230 K55
14 0:10 - 12:15 14:35 14335 16230
14 11:00 - 2135 4130 2335 4330
2% 0:10 12:00 12:00 12115 12:15 14:35
-4 11:00 - 2135 4130 2:35 4230
4 0:10 12:00 12:15 14235 12:15 14:¢35

5% 11:00 - 1:10 2:35 2:35 4230
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Conclusion from Experiment 5. This experiment shows again that even wesak

solutions of the Dearborn sewage effluent may kill somewhat weakened minnows and
shiners, after the solutions have stood for some hours without aeration. Fut the

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

GENZRAL COXCIIISIONS

The sewage effluent from the new sewage dlsposal plent at Dearborn contains
disposal nothing that is at 211 strongly toxic to fish. It contains obviocusly a
rather high organie content, even a considerable amount of material in suspension,
Under ordinary conditions, this sewsge effluent if considerably diluted can hardly be
regarded as varticularly Aharmf‘al to fisn life, assuming of course that the sample
was a falr and representative one. Under certain conditions of limited dilution and
of considerable staznation, especially in hot weather, it may be harmful to fish,
Just how the effluent ecompares with that of well diluted but untreated sewage and
with that of other systems of sewage treatment we are not vrepared to state with
definitenssas,

The organie particles present in the effluent may be somewhst noxiais, The
pollution of the Miesissippi Alver is becoming acute becanse the clay =silt on
depcsition in qu@@g stretches carries down with it the sewacze particles to produce
an over-rich bottom mud which sdversely affects the fishes, mussels and food‘
organisms. To some degr:ze, the Dearborn sewase may act likewise. A really clear
sewage effluent is certainly desirable.

%e did not consider the bacterial quaklity of this effluent, nor d4id we deal

with it chemically. We did test, its pH, as we were told this =ewage might rum
high in alkalinity. About 13 hours after the sammle was received it tected only

8.0 {2 tests). The 100% non-aerated sample contalning fishes, at 12° ¢, had the

pH reduced to 7.6.

IN=TITUTE FOR FITHTRIES RESEARC

farl L. Hubbs

Director
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