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An invesiigation of the effects on fish 1life of the wastes from
beat supar factories has been requestsd by the Streazm Control Commission,
by Milton P, Adama, in chaige. The Institute agreed to run the necessary
experiments,

According to previcus arrangements, the Stream Control Commission
collectead and drought to the Institute‘for Fisheries Research, two samples
of sugar plent wastes. The samples were brought in by Mr. T. J. Fowers,
an employee of the Commission, and were accomparfed by labels carrying the

following information:



First sample: Beet Waste; Greeot Lakes Sugar Co.,
Blissfield; November 17, 1931, 1:10 P.M.; T. J. Powers; temperature
at outfall; 35%¢. (=95°F. 1.

Second sample: Steffen's Waste] Great Lakes Sugar Co.,
Bligsfield; November 17, 1031, 1:20 P.M.: T. J. Powers; temperature
at entrance to pond, 64°c. [=1479F.].

The beet waste was a somewhat opalescent liquid carrying a large amount

of suspended material, mpparently fragments and fibers of beets, which settled

on standing.

The Steffen's waste was of the characteristic orange-smber color; had
the sweetlsh odor smelled atout the sugar plants} rgpi@ly formed a suds.like
foam on aeration; cloudsd on dilutiqn with the whter used, and then deposited
out a2 lime.like precipitate, This sample was still decidedly warm when received

at 4:30 P.M. on November 17.

The ssmple bottles were then placed in a water bath of 58°F. , in order to

retard the decomposition, until the dilutlons could be made up.
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BXPERIMINTS USING 700 68, IN JARS

On account of the small sige of the sample, the larger number of experiments
were run in wide-mouthed fruit jars, uaing 700 ee. of'waste solution (approximately
1 1/2 pints) in each. The water used had a tem?erature of about 70°F. and was
taken from the cirollating system of the Lxperimental Aquarium, and was, before the
addition of the wastes well serated, clear amd very well suited for fish 1ife.

The dilutions were made up between 6300 and 7:00 P.M, (except two at 8100 P.M. and
one at 10 P.H.) on the day the eample was obtalned, A few minutes after each
dilution was made up to 1ts proper strength, a small fish was added to the jar.
Each dilution was made up in duplicate, so that one series could be run with,

and ‘the other without, compressed air., When used, the ailr was kept on through
the experiment, and was delivered through Filtros plugs so as to be broken up
into fine bubles. The effects of the waste on the fish were carefully observed,

and the time of each observation was recorded,

Beet Wastse

Tor controls on the beet waste experiments, Ixp., 1 and 2 were set up, but

Exp. 14 and 15 apply equally well,

Experiment A 1t ¥o waste (control experiment); aerated; long-eared sunfish (67 rm.
stendard length, 3.3 inches over all); started 6:46 F.M.

Hr+: Min. Hr.: Min.

6 143 Normal 35:14  Normal
137:49  Normal 39 1% Normal

28 139 Normal 913 Freshly dead



This control fish lived nearly 50 hours. Its death was no doubt due to

the confinenment of £0 larze a fish in such a smell quantity of water.

Experiment 4 2¢ No waste (control experiment); no aersted; long-eared sunfish
adult (75 mm. stendard length, 2.7 inches over all); started Gilib P.M.

Hr.t Min, Er.: ¥in.
1:19 Breathing hesvily near surface 4137  Lepving agkdn at surface
2131 Laoping at surface 6136 Do.
2152 ater halferemoved for oxygen 13:45 Dead for sowe time.

test; then replaced with fresh
water; dissolved oxygen, 1.9
PPN
This control fish died in lesc than 1l hours. It was clearly too large
for the jar, and its early death was no doubt due to the consumption of
oxygen by the fish and the accumilation of waste products.
Txperiment 4 3! 0.1 7 waste (virtually a control); aerated; rock bass (34 mm.
standard length, 1.7 inches over all); started 6:49 P.u.
Hr.t Min. H?.: Min.
1346  Normal 40:31 Normal; fish then removed.
29:11 Normal
This very wenk solution of beet waste, using a fish of sultable size, acted
very well as a control. The fish showed no marked distress during the 40 1/2
hours of confinement in the jar.

Fxperiment & 4: 0.1 7% waste (virtually a control); not serated: rock bass (35 mm.
sbandard length, 1.9 inches over all); started 6:49 P.M.

Ir.: Min. Hr. $ Min.
1:46  Normal 40131 Normal; fish them removed to
29111  Hormal Exp. C 13.

Tae remarks under Exp. 3 apply equally well to Twn. U,
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Txperiment A 5: 1 % wastei aerated; large-mouth black bass (66 mm. standarad

7

length, 3.2 inches over all); started Gili5 F,

Hr.! Min. Hr.?: ¥in,
btlh  Normal 47:15  Normal
13:50 Normal K2100 Xormael
29:15  Kormal 61135 Died} after last observation;
40:%50  Normal dissolved oxygen 5.85 p.pdm.

The keeping of this three-inch bass for between 52 and 61 1/2 hours in a
fruit jar, in serated water, would indiecate that the toxi dty of 1 % beet waste
is alight, but perhaps present and slowly effective.

Experiment A 6: 1 % waste; not asrated; large-mouth dblack bass (107 mm, standard
length, 5.3 inches over all); started 6:4%5 P.W.

Br.: Min. Hr.: ¥in.
1:20 TPreathing heavily 2:34  Treshly dead; sample taken
1:27 Do.; near surface ' 5 minutes later showed only
1347  eakening some 0.5 p.pem. of dlssolved
. oxygen.

4

This bass was too largs for the jar; the 1 < of beat waste mayr have contributed

to the oxygen removal and accumlation of poisons in abseice of aeration.

Experiment A 7t 10 % waste; aerated; perch (87 m~. standard length, 4.9 inches
over all); started G:l43 P.M.
Hr.: Min, Hr.: Min.
13:52 TRather wobbly; near surface 28:52 Dead; samplas taken 1:10
26152  Alwost normal later showsd 5.40 p.p.m.

of dissolved osxygen

The killing of this verch in a little more than one day in aerated waste

again suggeste thst the beet waste has wepk toxie properties.

Txperiment A €1 10 4 wadte; not aerated; perch (62 mm., standard length, 2.6

i

inches over all); started 6142 P,M.

Hr.$ ¥in. Hr.t Min.

hzo3 Lapping at surface 5:49  Dead; dissolved oxygen,
0.8 plp.ml



The killing of this small perch in less then 6 houre in non-asrated

10 ¢ beet waste indicates strongly that the waste has rather high

oxvgen consuming qualities and fish-killing propensities.

Experiment A 9@

50 4 waste; asrated; pumpkinseed sunfish (us mm, standard

length, 2.4 imches over all); started 6:20 P.M.

Er.! Min.
0:t10 Half brsathing 41115
0136  Almost normal 47:k40
0139 YNormal 52125
3305 Lepving at surface T4:00
14115 Normal 98110

Normal
Normal
Normal
Normal
Normal

. Dead; dissolved oxygen, 5.90 p.p.m.

This experiment shows that some fish cen 1li ve more than 85 hours in a

50 4 solution of the beet waste, but that it apparently eventually kills

the fish even thomgh the water has been contimiously zerated.

Experiment A 10: %0% waste; not asrated; pumpkinseed sunfish (55 mm., stendard
length, 2.8 inches over all); started 6:21 P.M.

Hr.! Min. Hr.: Min.
0:09 Half breasthing 2:3} less of equilibrium; spasms,
0:3% Gasping at surface 2143  Almost dead

Ot Apparently normal 2:51
0:46 TLepping alr at surface

1:55  Shaking violently; then lapving

Deadi sampk taken 15 minutes
later showed 0.3% p.p.m. of
dissolved oxygen.

Experiment 10, with others, shows that sunfish arc killed rather

quickly by a strong solution of beet waste, and that they are killed

‘with the characteristic symptoms of asphyxiation.

Experiment A 11:

100 % beet waste; well aerated during and for some minutes

prior to experiment; pumpkinseed sunfish (60 mm. stmdard length, 3.0 inches

over all); started 6:35 P.M.

0:01 Breathing heavily 2310 Wild movements

0:24  Apparently normal 3:30 Jumping, st surface
1:01 ¥xeited, but normal 3125 Turning over

1:36  somewhat weskened k10

=G

Dead;i 3.15 p.p.m. of dissolveq
OXygen.



This triasl shows clearly that consumption of oxygen is not the

s0le effect of such organic wastes in fish 1life,
Steffens Waste

Thie, the Beseries of experimen"ts,' was performed like the A-series in
two-quart fruit jars. Each strength of solution was used with and without
asration, The first two experiments are the controls, TExperiments Al to AN

and B3 and B4 are virtually also controls.

Experiment B 13 No waste (control experiment); aerated; smallemouth bags
(58 mm, standard length, 2.8 inches over all); started 6:16 P,M.

Hr, ! Min. Hr.: Min,
7:13  XNormal 17:29 Normali removed to Zxv. C 9.
14:19 Normal

Txperimert B 2: No wsste (Jontrol experiment); not aerated; smallemouth
bass (51 mm. standard length, 2.5 inches over all)i started 6116 P.M.

Hr.t Min. Hr.t Min.
7:13  Normal 17:30 Normali removed to Txp. C.1ll.
14119 Breathing a little
heavily

These two cort rol experiments indicate that the experimentnl proceedure

was satisfactory.

Experiment 3 33 0.1 ¢ waste; aerated; rainbow darter (abuut same size as fish
in Fxp. B U4); started 6:2U P.M.

Hr.: Min. Hr.: Min.
12:11 Precthing a 1ittls 17:25 TNormal; removed.
heavily

Txperiment B 41 0.1 4 waste; not aerated: rainbow darter (63 mm., stendard
length, 3.0 inches over all); started 6123 P.M.

Hr.: Min. Hr.t Min.
0:27 Normal 4:00 Breathing heawily; on side,
1:20 Breathing heavily moving on stimalus

4:25 Dead: dissolved oxygen, 1.5 p.p.m.



This pair of experiments is not very significant, as the very sensitive

darters wers not used in other experiments.

Bxperiment B 5¢ 1 4 waste; aersted; pumpkinseed sunfish (69 mm, standerd length,
3.4 inches over all); started 6:24 P.M.

Hr.: ¥in. Hr.t Min,
0:36  Normal 14:11  Somewhat uneasy -
7:05 Normal 17:26  XNormal; removed

Ixperiment B 68 1 4 waste; not aerated; pumpkinseed sunflsh (55 mm. standard
length, 2.7 inches over all), started 6122 P.M.

Hf,t Min. Hr.t Min.
0:08 TUneasy 14:13  Same
7:07 Breathing somewhat 17:28 YNormal; removed
labored '

Experiments B 5 and B 6 show that sunfish can withsthnd living for
at least about 18 hours in a 1 4 solution of Steffens waste in good

water.

Fxperiment B 7: 2 € wastei aerated; perch (101 mm. standard length, 4.8 inches
over all); started 8:02 P.M.

Hr.! Min, Hr.: Min,
5:2]7 Normal 26148 on side; convulsive
12138 YNormal 27405 Much revovered
2328 XNormal 27:¢58 Apparently ncrmal
26333 Normal 36:03 Deed for some time; dissolved

oxygen, %.90 P.p.m.

Experiment B 8§ 2 % waste; not aerated; large.mouth bass (100 mm. standard
length, 4.9 inches over all); started 8:03 P.W.

Hr.t Min. ' Hr.! Min.
1142 Wild movements 5126 Lepping at surface
2100 lLapring at surface 12:37 Dead for some time
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The two vreceding experiments indlcate that 2 4 Steffens waste is
lethal to f;ahes, killing in less than 12 hours unless well

aerated, and in less than 36 hours even if so well aerated as to hold
the dissolved oxygen a8 high as 5 p.p.m.

Experiment B 9¢: 2 4 wastei hot aerated; golden shiner (77 mm. standard length,
3.7 inches over all); started 10:10 P.M.

Hr.: ¥in. Hr.!: Min,
0120 Lepping at intervals 21&325 Gonstently lapping air
3119 Do, 43150 Same
10:25 Do.; breathing labored 48120 Dead for some time.

The relatively long life (2 days) of the golden shiner in the same
strength of solution as killed a sunfish in 24 minutes is due apparently
not so much to greater inherent resistance as to the abllity of the
minnows to breath atmospheric a:lr after the dissolved oxygen im exhansted.
Experiment B 10t 5% waste; serated: bluegtll (67 mm. standard length, 3.4 inches
over all); started 7:05 P.M.
Hr.t M¥in. Hr.!: Min.
0i38 Partial loss of 0:i2  Dead; dlssolved oxygen,

equiiibrium : . 3.9 p.pem.
0t40 Jumping excitedly

Experiment B 11t 5 ¢ waste; not aerated; pumpkinseed sunffab (62 mm. standard
length, 3.1 inches over all); started 7:06 P.M.

Hr.? ¥in.
0124 Dead; dissolved oxygen, 2.9 P.p.m.

These were critical experiments, showing the quick killing power of
dilution of Steffenls Waste, whether or not these are amerated. The
asration apparently delayed death, for a few minutes only, and odly

retarded the oxygen consumption. In both experiments, sufficlent oxygen



was left for the fish according to ordinary stamdards and experimmece,
but aoparently not enough when this smount of oxyszen was combined
with the specific polluting substance invelved.

¥xperiment B 123 10 ¢ waste; aerated; pumpkinzeed sunfish (54 mm. standard
length, 2.7 inches over all); started 6118 P.M.

Hr.! Min, Hr.t: Min. "
0104  Distressed; at surface 0120 Dead; s:mple taken 52 mwm
0:18 toving spox;aéi cally

later showed 0.5 p.p.m. of
dissolved oxygen.

"
This exveriment shows that Steffens Waste has such a high snd unsaturated
oxygen demand th~t bubbling air throush a 10 % solution is insuffickent

to hold more then a trace of oxygen in the solution.

Txperiment B 13: 10 ¢ waste: aerated; rock Yass (40 mm. standard length,
2.0 inches over all ); started 6150 P.¥.—4 direct continuation of Exp.
B 12, using same jar and solution.

Hr.: ¥in. Hr.: Min.

120  TWeakening 0:26 . Dead; sample taken 14 minutes
later showed 0.5 p.p.m. of
dissolved oxygen.

0

Thie experiment is a complete confirmation of Zxp. B i2.

Experiment B 14: 10 %.waste; aerated; brook stickleback (42 mm. standard lenmgth,
1.9 inches over all); started 8:07 P.M.-.A direct continuation of Exp. B 12
snd B 13, using same jar and same solutlon, but *he latter reduced to about
one-half by the oxygen sample tsken at T:30.

Hr. ¢ ¥in, Hr.1 Min.
0303 Swimming excltedly 0:47 Nearly dead
0:25 Beginning to lose 0157 NDead; dissolved oxygen, 0.6 p.p.m.
equilibrium.

=10



For ¥xp. B 14 an especiszlly resistsmt little fish was chosen, but even
it could not survive one hour in 10 7 aerated Steffents Waste. The
gecond oxyren test showed agmin that this solution consumes oxygen
fagter than it con be added by air-bubbling.

Txperiment B 15¢ 10 7 waste; not aerated; pumpkinseed sunfish (48 mm,
standsrd length, 2.1 imches over all): started 6:19 P.M.

Hr. ! ¥in. Hr.: Min.
0101  Jumping 0114 Dead; s=mple taken 57 min,
0:11 Uneasy later showed 0.5 p.p.m.

of dissolved oxygen.

Experiment ‘B 16¢ 10 7 waste; not aerated; blueglll (66 mm. standard length,
2.6 inches over s1l); started 6:52 P.M.-4 direct continuation of Ixp. B 15,
using ssme jar asnd solutlon.

Hr.: Min. Hr.t Min,
0122 VWildly dashing 0123 Dead, in rigor; sample taken
15 min. later showed 0.5 p.p.m.
of dissolved oxygzen.

Experiments B 15 and B 16, like the several preceding ones, exemplify

the rapid kdilling power of Steffen's Waste.

Experiment B 17: 50 ¢ waste; aerated; pumpkinseed sunfish (71 mm. standard
length, 3.5 inches over all }: started 6:26 P.M.

Hr.! Min. Hr.! Min.
0107 Almost dead, 0:18 Dead (dissolved oxygen not
moving sporadieally testable, owlng to excess
organic matter).

Experiment B 18: 50 % weaste; amerated; pumpkinsced sunfish (66 mm. standard
length, 3.3 inches over all); started 6:55.-A direst contimuation of Exp.
B 17, using same Jar and solutlon.

Hr.: Min, Hr.: ¥in,
Q100 Tost balance in 5 sec. 0:03 VYovements sporadic.
0:01  Very wesk. 0:10 Dead.

»1ll-



Experiment B 19: 50 7 waste: aerated; goldfish (85 mm. standard length,
.2 inches over all); started T:12.—4& direct continuation of Fxp. B 17
and B 18, using same jJar and solution.

Hr.: Hin. Hr.: ¥in,
0:00 Immediate willd reattion - 0208 ILying on side; moving
0:0%5 Bresthing weakly gporadically.

0:19 Dead.

'Ifneée three experiments (B 17 to B 19) further prove the toxicity of
Steffents waste, eveon to a fish so resistant as the goldfish. It is of
importance to note that none of the three fish killed in this experiment
showed any lapping at the surfgce, which ig2 a good indication of the
effects of Jow oxyzen as such. The muick reaetion of the fish to the
s@lntion also indieates definite polsons,

¥xperiment B 20¢ &0 % waste; not aerated; punpkinseed sunfish (50 mw. standard
length, 2.5 inches over all); started 6:27 P.V,

Hr.$ ¥in. Hr.$¢ Min. .
0:00 Almost at once lying flat 0:06 Almost desd, sporadically moving
on surface 0:14  Dead.

Experiment B 21! K0 ¢ waste, not aerated; rock bass (75 mm. stsmdard length,
3.75 inches over all); started 6:53..A direct contimuation of Experiment
B 20, using same jar and solution.

Hr.: Min. Hr.: Min,
0t00 Excited immediately 0102 Lylng on side; breathing
0:01 Shaking head; then weakly.
losing equilibrium. 0:04 Dpend.

Experiment B 22¢ %50 ¢ weste: not aerated; goldfish (50 mm, standard length,
2.5 inches cover gll); started 7i13.—4 direct continuation of Exp. 20 and
Exp. 21, using same jar and solution.
Br.: Min. Hr.! Min.
0104 Breathing weakly 0117 Dead.

Experiments B 20 to 22 fully confirm the results obtalned and discuesed

for Fxp. B 17 and B 19.



EXPERIMENTS WITH STHFFEN'S WASTE, USING K000 £0C.

IN AGUARIA

In order to confirm the results of the toxlmity of Steffents Waste,

and to make quite aertain that the results obtsined in the Beseries of

experiments just outlined were eseentlally vaolid desplte the use of such

small containers and such a diversity of fish, a new or Ceseries of experiments

were carried out. The dllutione were all made up at first to 5000 gc. (roughly

5 quarts), and kept in small rectangular aquaria, sc thot the water was about

4 inches deep and the surface exposure therefore lsrge.

gantion, six controls were used (three aerated).

As a measure of daudle

Solutions of 2 %, 4 4 and

6 ¢ were used, and the 4 % solutione were made up by further diluting the 6 &

solutions after the first set of fish had been killpd therein. The 2 ¢ and

6 ¢ dilutions were made up at 10 A.M. on November 18, nearly 21 hours after the

congentreted sample was collectéd and 17 1/2 hours after it had been received

at the Institute and placed in a cool water bath. The fish used in most of thes

experiments were very uniform -~ all hybrid sunfishes (bluegillX pumpkinseed), and

all were ampll adults about 105 mm, in stz~dard length smd 5 inches over all.

Oaly one fish was vlaced in each aguarium (one exception).

" other species were tried.

In the I 4 solution

Experiments § 1 to C 3t no waste (control experiments)s: aeratéd; small adult

hybridfsunfish; started 10:20 A.M.

Hr.! ¥in.

13:40 Normal

21:45  Normal

29:40 Normal: dissolved

' oxygzen, 6.4%, 6.50 and

6.65 p.p.m.
31840  Normal
36:25 Normal

-13-

Hr.: Min.

46:25

48:10
57310
70:10

Normal} Exp. C1 and 2
ended (fish from Txp. €2
and €3 used for ¥xp. Cl4).
Normal (C 3 only)

Normal (C 3 only)

Normal; dissolwved oxygen,
6.40 p.p.m. (C 3 only),
Bxperiment ended.



Experiment C 4 to € 6: No waste (control experiments); not serated; small
adult hybrid sunflsh} started 10:20 A.VN.

Hr.? Min, Hr.? Min,
13:40 Normal 46¢t00 Normal; dissolved oxygen, 0.33,
21t25 Yormal 0.47 =and 1.52 p.p.m.
24115 Normali dissolved oxygen 48110 Somewhat weskened; oecasionally

in 0 5, 0.4 p.p.m. lapping at surface.
29:40 Tormal; dissolved oxygen 57:10 No change

0.4, 0.40 and 0,70 p.p.m. 70310  St11! almost normal; dissolved
31:40  Yormal oxygen, 0.25, 0,40 and 2,50 p.p.m.;
35125 Formal experiments ended.

These six control experiments were very s-tisfachiy (as controls), and furthers
more showed the high resistance of fish to low oxygen in the absence of marked

impurities in the water.

Experiment 0 7t 2 % waste; aerated: small adult hybrid sunfish; started 10:20 A.M.

Hr.: ¥in. Er., ! Min.
0:28 Signe of weakening. 36:25 No change.
13:4%0  Normal. 6125 No change.
21:45  Normal. 57t10 No chenge
29:40 Nearly naimal} dissolved 70¢10  Still almost norm#l; oxygen 2.50
oxygen, 5.85 plp.m. P.p.M.; experiment ended.

Experiment ¢ 8t 2 ¢ waste; not merated; small sdult hybrid sunfish; started 10:20

AM,
Hr.: ¥in. : Hr.t: Min. _
0:28 Signs of weakening. 21t45 Dead for some timei dissolved oxygen
13115 Lapving ot surface; weak. {sampled twice, at 10 mimtes and
13 thy Do, at 2 hours after removal of fish),
no trece.

Experiments C 7 and ¢ 8 show that »dult sunfieh ean tolerate a 2 ¢

solution of Steffen's Waste, but only when asrated.

Txperiment G 93 U ¢ waste; aerated; small-mouth bass, from Exp. B 1 (58 mm.
standard length, 3,4 inches over all); started at 11:45 A.M.~This dilution



made up at 11:40 A.Y. from the & & solution after the one fish tried
therein was killed (Exp. £ 15).

Hr.! Min. Ar,? ¥in.
0:314- %114 dash; partial loss :36 Nead; oxyzen analysis not
of equilibridm, comnleted owin: to bredkage
of bottde, but carried far
eBough to cee by color that
it was higher than 2.35 p.p.m.

Experiment © 10i 4 4 waste; aerated; pumpkingeed sunfish, sme fish used eerlisr
in B 5 (69 mm. stondard length, 3.4 inches over ~ll); started at 12149 P, M.
A direat continvation of Bxp. C 9, using same aquarium and solution.

Hr, ! Min.
1:02 Dead: dissolved oxygen, 3.65 F.p.m.

Experiment G 11: U4 ¢ waste; not aersted! smallemouth bass, from Exp. B 2
(51 mm, standard length, 2.5 inches over all )} started 11:46 A.M.—This
dilution made up at 11t40 A.M. from the 6 ¢ solution after the one fish
tried therein was killed (Exp. ¢ 16).

BEr.: Min, Hr.! Min.
0:12 Tapp¥ng at surfape 012k Dead; dissolved oxygen,
2.35 p.p.m.

Txperiment ¢ 12: U 7 waste, not aerated: pumpkinseed sunfish, come fish used
earlier in Exp. B 6 (55 mm. standard length, 2.7 inches over all); started

12150 P.M.~A direct continuation of Txp. ¢ 11, using seme aguarium and
solution.

Hr.! Min.
- 1122  Just dled; dissolved oxygen, 3.15 p.p.m.

Experiment ¢ 13: U4 waste; not aerated; rock bass, from ‘F:xp.# L (35 mm. standard
length, 1.9 inches over all); started 11:20 A.M.—A continuation, after a
nearly one day irvkerval, of Exp, € 12, using game jar and solution.

Hr.: Min, Hr.s ¥in.
040  Normal ’ 2510 Dead for some time.

Experiment ¢ 14: U4 waate; not aerated: small adult hybrid sunfish; started at
8145 A.M., Nov. 20.

Hr.: Min. Hr.: Min.
007 TLapping at surface. 5137 Just dled; dlssolved oxygen,
426 Rolling: spasmodie no trace.

=15a



Fxperiments 0 Q to ¢ 14 show that a 4 & solution of Steffen's “aste
(1 part to 24 of good water) is quickly lethal to fiehes, even though

the solution is aerated.

Exveriment £ 15: 6 7 waste; serated; small admlt hybrid sunfish; started 10:20

A.k’,'
Hr.? Min. Hr. ! ¥in.
003 On stdé; up later. 0128 Somewhat spasmodic.
0:0% Weak ’ 048  In rigor.
0:25 Lapping at surface. 0155 Dead; diszsolved oxygen,

.45 v.o.m,

Experiment.? 161 6 4 waste; not aerated: small adult hydbrid sunfish; started
10120 A.Y. "

Hr.?: ¥in. Hr,: Min. .
0:01 On side; up later. 0:28 Somewhat spasmodie.
0105 Weak. 0:48 Wildly dashing; then in rigor.
0t25  ILopolng abt surface. 0:55 Dead; diseolved oxygzen,

2.00 p.p.m,

The last two experiments show that a & 4 solution of Steffen's Waste kills
adult sunfish in less than sn hbur, whether the solution is sernted or not.
The faet that the death oecurired as quickly in the a.eratéd as in the non-
serated solution, and that at the end of the experiment the zmerated solutiom
showed slightly less oxygen than the latter, was due w obably to the churting

up of the sediment in the former aguarium by the bubbling air.
CONCTUSIONS

The wastes of the sugar factorles vrove by experiment to be toxic to
figh 1ife. %hen Well gerated the beet wastes are only weakly toxie, but on

standing, solutions of this waste in good water Iill fishes. "hether aerated or

~16-



not, Steffen's Waske, even when much diluted, kills fiches rapidly. A
2 4 solution is not quickly fatal when aerat er?.., hat a W solution kills
quieckly whether aerated or not. The kllling of the fish is not wholly
due to the consumption of oxygen by the waste, becanse » high residual
oxygen of as mich as 3 to 5 parts per million remained on the death of
the fishes. Steffen's Waste must in o opinion be classed as a definlte
poison to fish life.

The experiments here recorded were performed, and the veport
prepared by the undersigned.

INSTITUTE FOR FISHIRINS RESEARCH

Garl I.. Hubbs

Diredtor

Report sent to Milton P. Adams
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