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An invesligation of the effects on fish life of the wastes :from 

beat wgar factories hae been requested by the Strer.m Control Comnission, 

by Milton P. A.demR. in charge. 'l'h.e Institute a«reed to nm the necessary 

experiments. 

According to previous arrangements. the Stream Control Comn1ss1on 

collected and brought to the Institute for Fisheries Research. two samples 

o:f sugar plant wast ea. '!'.'he sampl~s were brou€;bt in by Mr. T. J. Powers, 

an employee of the Oomni esl on • and were a.ecomparied by la.be 1 s carrying the 

following information: 

• 
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:First smle: Beet Waste: Gre:,:,t LQ_kes Sugar Oo., 
Blissfield; November 17, 1931, 1:10 P.M.; T. J. Powers; temperature 
at outfall; 35°0. (c95°r.). 

Second sample: Steffen's Waste; Great takes Sugar Co., 
Blifsfield; November 170 1931. 1:20 P.M.: T. J. Powers; temperature 
at entrance to pond, 64 c. [•l47°F.]. 

The beet waste was a somewhat opa.lescent liquid carrying a large amount 

of suspended material, _,paren.tly fr~nts and fibers of beets, which settled 

on standing. 

The Steffen•• waste was of the characteristic orange-amber color; had 

the sweetish odor smelled aoout the sugar plants: rapidly formed a suds-like 

foam on aeration; clouded on dilution with the water used, and then deposited 

out a lime-like preeipitah,. This sample wa.e still decidedly warm when received 

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

The sr:mple bottles were then placed in a. water bath of. 58°:F., ln order to 

retard the decomposition, until the dilutions could be made up. 
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EXPERIM;'i;NTS USIMG 700 etl .• IN JARS 

On account of the small size of the semple, the larger number of experiments 

were run in wide,..mouthed fruit Jars, using 700 cc .• of waste solution. (approximately 

1 1/2 pints) in each. '!'he water used had a. temperature of a.bout 700F.. and was 

taken from the oircdlating system of the lt1:xperimental Aquarium. and was, b.efore the 

addition of the wastes well aerated, elear and. very well suited for fish life. 

The dilutions were made up 'between 6&00 and 7:00 P,.M. (except two at 8:00 P.M. and 

one at 10 P .. M.) on the day the sample was obtained,. A few minutes after ea.ch 

dilution was made up to its proper strength, a stm:i.11 f1 sh was added to the jar. 

Ea.eh dilution was ma.de up in du:plioate, so that one series could be :run with, 

and the other without, compressed air, When used, the air was kept on through 

the experiment, and was delivered through Filtros plugs so a;; to be broken up 

into fine bubles. The effects of the waste on the fish were carefully observed, 

end the time of each observation was recorded, 

Beat Waste 

For controls on the beet waste experiments, Exo. 1 and 2 were set up, but 

Exp. 14 and 15 apply equally welL 

Experiment A 1: No waste (control experiment); aerated; long-eared sunfish (67 nm. 
standard length, 3.3 inches over all); started 6:46 P.M. 

Hr.-: Min. 
6 r43 

13 ., :49 
2s 139 

Normal 
Normal 
Normal 
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Hr.: M:tn. 
35:14 
39:549 
4913 

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

the confinement of' so large a fish 'i.n such a srnal1 <11.nmtity of water. 

:Experiment A 2: No waste ( control e:ic-periment); no aerated: long-eared sunfish 
adult (7'5 mm •. stand.,1rc. 1ength, 3. 7 inches over all); stF.<rted 6:46 P.M. 

B:r. t Min. 
1:19 Breathing heB~ily near eurface 
2:31 la~~ing at surface 
2:52 1tater half-removed for oxygen 

test: then replaced with fresh 
water: dissolved oxygen, 1.9 
,>,-p.m. 

Hr.: Min. 
li:;7 I,apuing agii.tn at surface 
6:36 Do~. 

13:45 Dead for some time. 

This control fish died in les~ than 14 hours. It nas clearly too large 

for the jar, and its early death was no d.oubt due to the consumption of 

oxygen by the fish and the accumu.la.tion of waste prod.ucts. 

Experiment A 3: 0.1:;; waste (virtually a control); aerated.; rock bass (34 mm. 
standard length. 1.7 inches over all); started 6:49 P.M. 

Hr. t Min. 
1146 Normal 

29:11 Normal 

Hr.: Min. 
4o:3l Normal; fish then removeo. 

Thls very wenk solution of beet waste, using a fish of suitable size, acted. 

very well as a control. The fish showed no ma.:tked distress d:urinl the 40 1/2 

hours of confinement in the jar. 

F.xperiment A 4: 0.1 ;t waste (virtually a coT1trol); not e.erated.; rock bass (35 nnn. 
standard length, 1.9 inches over all); started. 6:49 P.M. 

Hr.:Min. 
1 :4~ }formal 

29 t 11 !formal 

'J:.11'. : · ittn. 
40:31 Normal; fish then removed to 

Exp. 0 13. 

T'a.e rema:t"ks m1der Bxp. 3 apply equally well to Tfxp. 4. 
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Experiment A 5: 1 ~ waste; aerated; large-mouth black bas$ (66 mm. standard 
length, 3.2 inches over all); started 6:l+5 'F.1t. 

Hr.: Min. 
6:44 Normal 

13:50 Normal 
2'9tl5 Normal 
40:50 Hormal 

Hr.: ?f:in. 
47:15 Normal 
52100 Normal 
61:35 Died, after last observation: 

dissolved oxygen 5.S5 p.p;m. 

The keeping of this three-inch bass for between 52 and 61 1/2 hours in a 

:f'rait jar, in aerated water. would incieate that the toxi dty of 1 % beet waste 

is ~light, but perhaps present and slowly effective. 

Experiment A 6: 1 % waste; not aerated; la.rge-:nO'..ith black bass ( 107 mm. standard 
length, 5.3 inches over all); Pterted 6:45 P.M. 

Hr.: M1n. 
lt20 ~reathingheavily 
l:27 Do.; near surface 
l :47 i1eakening some 

Hr.: Min• 
2:34 :Freshly dead: sample taken 

5 minutes later showed. only 
o.6 p.p.m. of dissolved 
oxygen. 

This bass was too larg"' for the ~ar; tbe 1 •t of beet wa,ste ;n,w have contributed 

to the oxygen removal and accumo.lation of poisons in n.bse,1ee of aeration. 

Experiment A. 7: 10 1i waste; aerated; perch (87 m:-0. standard length, 4.9 inches 
I ,- 4 over a.11); started t>i · 3 P.M. 

Hr.: Min. 
13:52 
26:52 

Rather wobbly; near surface 
Almost normal 

Hr.: Min. 
28:52 DeBd; samole taken 1:10 

later showed 5.4o p.p.m. 
of dissolved ?Xygen 

!l:he kil Ung of this ne:rch :l.n a little more t'htm one {'tay in aerated waste 

again suggests that the beet waste has wenk toxic properties. 

Experiment A Sr 10 % vaute; not aerated; perch (62 m.,n. standard length. 2.6 
inohes over all); started 6142 P.M. 

Hr.: Min. 
4:03 r..apping at surface 
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Hr.: Min. 
5:i4.9 Dead: dissolved oxygen, 

0.8 p.p.m. 



The killing of this small perch in lens than 6 hours in non.aerated 

10 % beet waste indicates strongly that the,waste has rather high 

oxygen consuming qualities and fish-killing propensities. 

rtxperiment .A. 9: 50 tf.; waste; aerated: pumpkinseed swafish (421 mm. standard 
lentth, 2.4 tnohea over all); started 6:20 P.M. 

Hr. I Min. 
0&10 Halt 'breathing 
0136 Almost normal 
0139 Normal 
3:05 Lap~ing at surface 
7H)9 Do. 

14115 Normal 

Hr. i Min. 
41115 Normal 
47:40 Normal 
52:2; Normal 
74:00 Normal 
!5:lO Normal 
98110 . Dead: dissolved oxygen, 5.90 p.p.m. 

This e:x:peri.ment shows that some fish c en live more than 85 hours in a 

50 % solution of the beet waste, but tht-1t it a.-ppat"ently eventually kills 

the fish even thongh the water has been continuously aerated. 

Experiment A 10: 5076 waste; not aerated; pu.mpkinseed sunfish (55 mm. standard 
length, 2.g inches over all); started 6:21 P.M. 

Hr.: Min. 
0:09 Half breathing 
0:35 Gasping at surface 
o:~ Apparently normal 
Oii+6 · Lepping air at surface 
1155 Shaking violently; then 

Hr.: Min. 
2:33 test of equ.ilibriwt; spasms. 
2143 Almost dead 
2:51 Dead; salllpi) taken 15 minutes 

later shoWl!li 0.35 p.p.m. of 
lap~ing dissolved. orygen. 

Experiment 10, with others, shows that sun:t'l sh arc ki l l&d rather 

qu1okly by a. strong solution of beet waste, and tha.t they at'e killed 

·with the oha.racterhtia symptoms of asphyxiation. 

Experiment A 11: 100 ~ beet waste; well aerated du~ing and for some minutes 
prior to experiment; pumpkinseed sunfish (60 mm. sta1dard length_, 3.0 inches 
over all); started 6:35 P.M. 

Hr. I Min. 
0:01 :Breathing heavily 
0:24 Apparently normal 
1:01 '8xcited, but normal 
1:36 somewhat weakened 

-6.. 

Rr.: Min. 
3:10 Wild movements 
3:JO Jumping, at eurface 
3 :25 Turning over 
4:io Dead; 3• 15 p.p.m. of dissolved 

oxygen. 
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Thie trial shows clearly th~t consumption of oxygen is not the 

sole effect of such organic wastes in fish life. 

Steffen• Waste 

This, the B.series of experiments, was performed like the A-series in 

two.quart fruit jars. Each strength of solution was used with and without 

aei,atton. The first two experiments are the controls. Experiments A.l to A.4 

and :SJ and B4 are virtually also contro~s. 

Exoeriment :B 1: No waste (control experiment); aerated; small-mouth bat1s 
- (58 mm. standard length, 2.8 inches over all); started 6116 P.M. 

Hr.: Min. 
7: 13 lformal 

14:19 Normal 

B:r.: Min. 
17:29 N'ormal: removed to ]1xp. C 9. 

Expertmeit B 21 No W8Ste (Control experiment); not aerated; small.mouth 
bass (51 tilm. standard length. 2.5 inches over all); started 6:16 P.M. 

Hr.: Min. 
7:13 Normal 

14119 Breathing a little 
heavily 

Hr.: Min. 
17(30 Normal; removed to Exp. c. ll. 

These two coTt rol experiments indicate the.t the experimental proceedure 

was satisfactory. 

Experiment 13 3: 0.1 % waste; aerated: ra.i nbow darter ( ablllii.t same size as fish 
in Exp.~ 4); stAI"ted 6:24 P.M. 

Hr.: Min. 
12:11 Bree.thing a little 

heavily 

Hr.: Min. 
17:25 Normal; removed. 

Exoeriment B lu 0.1 9b waste; not aerated; .rainbow darter (63 mm. stmdard 
- length. 3 .o incli'es over all); started 6123 P.M. 

Hr.: Min. 
0:27 Normal 
l :20 Breatbi ng heavily 

... 7_ 

Hr.: Min. 
4iOO Breathing heal!ily; on side, 

moving on stimulus 
4:25 Dead: dissolved oxygen, 1.5 p.p.m • 



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

dp..rters were not used in other experiments. 

E:xperimeut B 5t l % 1'a.Ste; aerated; pumpkinseed. sunfiah (69 mm. standard length, 
3.4 inches over all); started 6:24 P.M. 

Hr.: Min. 
0:36 Normal 
7t05 Normal 

Hr. I Min. 
14;11 Somewhat uneasy., 
17126 Normal; removed 

Experiment B 6, 1 % waste; not aerated; pu.mpldnseed sunft sh (55 mm. standard 
lentth. 2.7 inches over all), started 6:22 P.M. 

Ht>,: Min. 
0:08 Unea1y 
7:07 !reathing aomewbat 

labored 

Hr. I Min. 
14:13 Sanie 
17t28 Normal; removed 

Experiments B 5 and B 6 show that sun.fish can wlthe"-n.d living for: 

at least about 18 hours in a 1 'f; solution of' Steffens waste in good 

water. 

:F.xperiment :a 1• 2 ,, waste& aerated.; perch (101 mm~ standard. length. 4.S inchea 
over all): started 8102 P.M. 

Hr. I Min. 
5127 Normal 

12138 Normal 
23128 Normal 
26 (53 Normal 

Hr.: J/.in. 
26:48 on side: convulsive 
27:05 Much recovered 
27t58 Apparently n,,rmal 
36:03 llea.d for some time; dissolved 

oxygen, 4.90 P.p.m. 

Experiment I, g: 2 f, waste: not aerated; large-mouth ba.ss (100 mm. standard 
length, 4.9 inches over all); s'b,rted s,03 P.M. 

Hr. t Min. 
lt42 Wild movements 
2#00 Lapping at surface 
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Hr.: Min. 
5126 Lt:q:)ping at surface 

12137 Dead for some time 
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The two yreeeding experiments indicate that 21> Steffens we.tte is 

lethal to fishes, killing i~ less than 12 hOtll's unles, well 

aerated, and in less than 36 hours even if so well aerated .as to hold 
l . . ~ 

the dissolved 011Ygen ~s hi?,h as.5 p.p.m. 

Experiment B 9: 2 ti, waste# not aerated; golden shiner (77 mm. standard length, 
3.7 inches O'ler ell); started 10:10 P.M. 

Hr.: Min. 
0120 T.,p_pping at intervals 
3:19 Do. 

10 :25 Do.; breathing labored 

Hr.: Min. 
24:25 Constantly lapping air 
43:50 Sa.me 
48:20 Dead for some time. 

The relatively long life (2 days) of the golden ehiner in the same 

S'trength of solution as killed a sun:bh in 24 minutes is due ai:rparently 

not so muoh to greater inhenmt resistance a.s to the ability of the 

minnows to 'breath atmospheric air after the dissolved oxygen bl exhausted. 

Experiment B 10: 5% wasteJ aerated; bluegill (67 mm. standard length, 3.4 inches 
over all): started 7:05 P.M .. 

Hr.t Min. 
o:3S Partial lost of 

equ1 ti'brium 
o:4o Jumping excited.ly 

Hr.: Min. 
o:42 Dead; dissolved. oxygen, 

3.9 p.p.m. 

EXDeriment J3 llt 5 % wnste; not aerated; purnpk1.nseed sunffilh (62 mm. standard 
- length, 3.1 inches over all); started 7:o6 P.M. 

Rr. t Min. 
0&24 Dead; dissolved oxygen, 2.9 P.p.m. 

These were critical experiments, showing the quick ldl1ing power of 

dilution of Steffen's 1./!aste, whether or not these are aerated. The 

aeration apparently delayed death, for a few minutes only, and on \v 

retarded the oxygen consumption. In both e~eriments, sufficient oxygen 
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wa.s left for the fish according to ordinary standards and experience. 

but anparently not enough when this amount of oxygen was combined 

with the specific polluting substance involved. 

Experiment l3 12: 10 t/, waste; aerated: puff!Pkinseed sunfish (54 mm. standard 
length, 2. 7 inches over all); started 6 :18 P.M. 

Rr.: Min. 
Ot04 Distressed; at su.rfaoe 
0: 18 Moving spo?;_di cal 1:, 

• 

Hr. : Min. ,V.)/2"-" 
0:20 Dead: 1wmple taken 52 ilm.fi 

later ghowed 0,5 p.p.m. of 
dissolved oxygen • 

Thls experiment shows that Steffens Waste has suoh a high and unsaturated 

o:zygen demr_.nd th~t bubbling Hir throurJ1 a. 10 '3/.> solution is insu:f'f'iet.ent 

to hold more than a traee of oxygen i.n the ;;olution. 

Experiment :B 13; 10 J~ we..ste; aerated; rock b'ass (40 mm. standard length. 
2.0 inches over all ); started 6:50 P.M.-A direct continuation of Exp. 
:B 12. using same jar and ~olution. 

Hr.: Min. 
0:20 Weakening 

Hr.: Min. 
0:26 Dead; sample taken 14 minutes 

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

This experiment is a complete confirmation of Exp. B 12. 

Experiment :S 14: 10 %:wa.ste; aerated; broo~ stickleback (42 mm. standard length, 
1.9 inches over all}; started fH07 P.M.-A direct continuation of Exp. B 12 
and B 13, using same jar and same solution. but +;he latter redu<!.ed to about 
one-half by the oxygen sample taken at 7:30. 

Hr. i Min. 
0103 Swimming exoi tedly 
0:25 Beginning to lose 

equilibrium. 

-10-

H:r.: r!.in. 
o:47 
0157 

Nearly dead 
Dead: dissolved oxygen. o.6 p.p.m. 
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For F!xp. B 14 an especially resistant little fish was chosen, but even 

it could. not survi va one hour in 10 -~ aerated Steffen's Waste. The 

second O:ity'-',et\ test showed agwdn that this solution consumes oxygen 

faster tha.."l it oe.n be added by air-bubbling. 

Experiment D 15: 10 ~ waste; not aerated; pu.rr.pkinseed sunfish (48 mm. 
standard length. 2.4 inches over all): started 6:19 P.M. 

Hr., Min. 
OtOl Jumping 
0 : 11 Unea.s;y 

Hr.: Min. 
0:14 Dead; s2mple teken 57 min. 

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

Experiment ·:B 161 10 ·~~ waste: not aerated: b1ueg.Ul (66 mm. standard length, 
2.6 inches over all); started. 6152 P.M.-A. direct continu.a.tio'l'l or }txp. B 15, 
using SP.me jar and solution. 

Rr.: Min. 
Ot22 Wildly dashing 

Hr.: Min. 
0:23 Dead, in rigor; sample taken 

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

~xperiments B 15 and B 16, like the several ~receding ones, exemplify 

the rapid killing power of Steffen's Waste. 

Experiment 13 17: So cf, 1f,l.Ste: aerated; pumpk:1.nseed sunfish (71 mm. atandard 
length, 3.5 inches over all); started 6:26 P.M. 

Hr. I Min.. 
Ot07 Almost dead, 

moving sporadically 

Hr.: Min. 
0:18 Dead (dissolved oxygen not 

testable, owing to excess 
organic matter). 

Exyerirnent :s 18: 50 % wnste; aerated; pumpkinse'ed sunfish (66 mm. standard 
length, 3.3 inches over all); started 6:55.-A direct continuation or Exp. 
B 17, using same jar and solution. 

Hr.: Min. 
0100 l-0st balance in 5 sec. 
OtOl Very weak. 

Rr.: Min. 
0:03 Movements sporadic. 
0:10 Dead. 
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Ji:xperiment B 19: ;o f wc:i.ste; aerated; goldflsh (85 mm. etanclard length, 
l~.2 inches over ell); sterted 7ri2.-t .. direct continuation of Bxo. B 17 
a1'ld B 18, using same jar and solution. · 

Hr.: 'Min. 
0100 Immediate wild reaction 
0:05 Breathing weakly 

Hr.: ?lin .• 
Ot09 tying on side; moving 

sporadically. 
0:19 Dead. 

~nese three experiments(~ 17 to B 19) further prove the to%1city of 

Steften•s waste, even to a fish so resistant as the goldfish. !t is of 

importmce to note that none of the three fish killed in this experiment 

showed any lappin;~ a.t the surface. which is a good indication of the 

effect's o:f low oxygen as such. The ~ick rei;i.otion of' the fish to the 

solution also indiM.tes definite poisons. 

'fi'.xperiment :B 20 t 50 ,-& wash: not aerated: pumpkinseed sunfish (50 mm. standard 
length, 2.5 inohes o•er all); started 6:27 P.~. 

Hr.: Min. 
o:oo Almost a.t onoe lying flat 

on surface 

Hr. s M1n. 
0:06 Almost dead, s-poradioally moving 
0:14 Dead. 

Experiment B 21: 50 'f{, we.ate, not aerated:: rook base (75 mm. standard length, 
3.75 inches over all); started 6:53.-A direct continuation of EXperiment 
'.B 20, us1t1g Sl'Jlle jar and solution. 

Hr.: Min. 
OtOO Excited immediately 
OtOl Shaking; head: then 

losing equilibrium. 

Hr.: Min. 
0:02 Lying on side; breathing 

weakly. 
0 to4 Der;(].. 

Experiment B 22: 50 f;, 'lfPste; not aerate'd; gold.fish (50 mm. standard length, 
2.5 inches over all): eta.rted 7tl3--A direct continuation of Exp. 20 and 
Exp. 21, using same Jar and solution. 

Hr.: Min. 
o:o4 ~reathing •eakly 

Hr.: Min. 
0:17 Dead. 

Experimente E 20 to 22 :fully confirm the results obtained and discuesed 

for Exp. B 17 and :B 19. 
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IN AQ.U.AllU. 

In order to confirm the results ml the toxidty of Ste:ffen•s t'!aate. 

and. to ·maim quite certain. that the results obtained in the :a-series of 

experimenta Ju.st outlined were essentially valid despite the use of such 

small containers and euoh a diversity of fish, a neir or C-saries of experiments 

were carried ru. t. T"he dilutions were all m¢e up at first to 5000 eo. (r®ghly 

5 quarts)• and kept in small rectangular aquaria. SQ th<: t the wat-er was about 

4 inches deep and the surface exposure therefore large. As a meamre of .d.ooble 

caution, six controls were used (three aerated). Solutions of 21. 4 % and 

6 %, were used, and tne 4 ~~ solutions were made up by further d.1 lutint; the 6 % 

solutions after the f'irst $et of fish had been killed therein. The 2 f; and 

6 1, dilutions were made up at 10 A.M. on Uoveniber 18, nearly 21 hours after the 

concentrated temple was eollect~d and 17 1/2 hours after it had been received 

at the Institute and placed i.n a oool water bath. The fish used. in moat o:f thet!f:. 
' 

experiments were very uniform - all hybrid sun:f'ishea (bluegtllx pumpld.nseed) • and 

a.11 were ame.11 adults about 105 mm. in sto."ldard. length and 5 inches over all. 

Galy one fish was -placed in eo.oh aquarium (one exception). In the 4 ~{ solution 

other specie$ were tried. 

EJQ>eriments O l to e 3: no waste (control experiments): aerat4d; small adult 
hy'br1dpsunfiah: started 10:20 .A. .. M. •. · 

Hr. I l.t1n. 
1314o Not-mal 
21:45 Normal 
29:lio Normal; dissolved 

oxygen, 6.45, 6.50 and 
6.65 p.p.m. 

31t4o Normal 
36:25 Normal 
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Hr.: Min. 
~6:25 Normal; Exp. 01 and 02 

48:10 
57110 
70:10 

ended (fish from :itxp. 02 
and 03 used for Exp. 014). 
Normal (0 3 only) 
Normal (C 3 only) 
Normali diseolYed oxygen, 
6.40 p.p.m. (C 3 only), 
experiment ended. 
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Experiment O 4 to C 6: No waste (control experiments); not aerated; small 
&(lult hybrid ~unt"i. ;1h; started 10:20 A.t.r. 

Hr. f Min. 
13,40 Normal 
21t25 lformal 
24,15 Normal; dissolved oxygen 

in C 5, 0.4o p.p.m~ 
29:4o Normal: dissolved oxygen 

0.4o, 0.40 and O. 70 p.p.m. 
31 :4o Norma.l 
36125 1;0:rmal 

Hr.t Min. 
46100 Normal; dissolved oxygen, 0.33. 

o.47 and. l. 58 p.p.m. 
48i10 Somewhat weakened; occasionally 

lapping at surface. 
57: lO No change 
70:10 Still almost normal; dissolved 

oxygen, 0.25, o .. llo and 2.50 p.p.m.; 
experiments ended. 

These six control experiments were very sr,Hsfacb-y (a.s eont rols), and further• 

more showed. the high resistance of fish to lCYN oxygen in the absence of marked 

impurities in the water. 

F1x,eriment C 7: 2 ;; waste: aerated.; small adult. hybrid sunfish; stl'lrted 10120 .A..M. 

Rr.: Min .. 
0:28 Signe of weakening. 

13 :4o Normal. 
21:45 Normal. 
29:4o Nearly na:mnal, dissolved 

oxygen, 5.S5 plp.m. 

Hr. : Uin. 
36t25 No change. 
46125 No chang1,-
57110 No chF,nge 
70tl0__ Still almost no~l; oxygen 2. 50 

p.p.m. i experiment ended. 

Experiment O S: 2 % waste; not aerated; small ad.ult hybrid sunfish: started 10:20 
A.M. 

Hr.: Min. 
Ot2S Signs of weakening. 

13n5 La.1rr:,ing 0,t surface; weak. 
13 t~ J)o. 

Rr.: Y.in. 
2lt45 Dead for some time; dissolved oxygen 

(aampled twice, at 10 mimtes and 
at 2 hours af'ter removal of fish), 
no trace. 

Experiments C 7 an.a. O 8 show that ~~dult stmffl.sh can tolerate a 2 1r, 

iolution of Steffen's Waste, but only when aerated. 

E:iq,eriment O 9: 4 5f ,rq,ste; aerated: small-mouth bas;, from Exp. l3 1 (5S mm. 
standard len~h. 3.4 inches over all): started at 11:45 A.M.-This dilution 
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ma.1.e up at 11:4o A.it,. from the G 1., eolution after the one fish tried 
thel"ein was killed (E:xn. C 15). 

Hr. I Mtn. 
0:34 Wild dash; partial lose 

of equi 1 fbri.1Vn. 

Hr.: Min. 
0:36 11ead.; oxygen analysis not 

completed oWil\:.: to breakage 
of 'bottle, but carried fe:r 
eiough to \'188 by color that 
1t was higher than 2.35 p.p.m. 

Experiment O 10, 4 '.'b wast et aerated; pu.mpki nseed sunfish• s ;qne fhh used earlier' 
in B 5 (69 mm. standard. lentth, 3.4 inches over P.11); sta1"ted at 12t49 P.M~
A direat continuation of Bxp. 0 9, using same aquarium and solution. 

Hr.: Min. 
1:02 Dead; dissolved oxygen, 3.65 P.p.m. 

Experiment C 11: 4 ~ waste; not UJ!a.ted}. small.mouth baes, from E!JtP• :B' 2 
(51 mm. standard. length, 2.5 inches over._all ) ; started 11:46 .A..M.-Thl. s 
dilution made up at llt4o A.M. from th.e 61 solution after the one fish 
tried therein was killed (Bxp. cr 16). 

Hr.I Min. 
O: 12 l.opp!lng a.t surf aoe 

Hr.: Min. 
01214, Dead; dissolved ox;ygen, 

2.35 p.p.m. 

Exneriment O 12! l~ i1 waste, not aerated; pumpkinseed sunfish, s~e fish used 
earlier h1 E:icp. l3 6 (55 mm. stantlard length, 2. 7 inches over a.11) J started 
121'° P.M .. -.A. direct eon.tinuation of 'Sxp. C 11, using same aquarium and 
solution. 

Hr.: Mtn. 
lt22 J'ust died; il.hsolved oxyGen, 3.15 p.p.m. 

Experiment O 13 C 4% waste; not aerated; rock bass, from T-'..xp. /#, 4 (35 mm. standard 
length, 1.9 inches over all): started 11:20 ,A..M.-A continuation. after a 
net'?J'ly one dq 11S!rva.l, of Exp. C 12, using same jar and solution. 

Hr.: Min. Er.: Min. 
o:4o Normal 3:10 Dead for some time. 

Experiment C 14: 41t waste; not aerated: small adult hybrid sunfish; started at 
8:45 A.M., Nov. 20. 

Hr.: Mln. 
0:07 Lapping at ~~rfaoe. 
4:26 Roll tng; spasmodic 

Hr.: Min. 
5:37 Just died; dissolved oxygen, 

no trace. 
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F.xperiments C 9 to C 14 show that a l+ 5Z solution of Steffen's 1!7aste 

(1 part to 24 of good water) is quicxly lethRl to fishes, even though 

the solution is aerated. 

EXt.>eriment C 15t 6 ,f., waste; s,erated: small adm.lt hybrid sunfish; started 10:20 
A,.M. 

Hr.: 'Min. 
0:03 On side; up later. 
O;c05 Weak 
0:25 La:p:i,,ing at surface.-

Hr.: tan. 
Ot28 Somewhat spasmodic:. 
0148 In rigor. · 
Ot55 Dead: dh8olved oxygen, 

1),5 1'· -o.m. 

Experiment,-, 16 t 6 11, waste ► not aerated; small adul~ hybrid sun:rt. sh; started 
10J20 J1.. M. 

Hr.: Hin. 
OtOl On side; up later. 
0 t05 Weak. 
Ot25 · I,np:oing at sur:faoe. 

Hr.: Min •. 
0:28 Somewhat snasmodio. 
0148 Wildly dashing; then in rigor. 
0:55 Dead; dissolvEld oxygen, 

2 .. 00 p.p.m. 

The last two experiments show that a 6 1, solution of Steffen's Waste kills 

adult sunfish in less than an hour, whether the $Olution is ~.erated or not. 

The fact that the dee.th occurred as quickly in the aerated as in the non .. 

aerated solution. and that at the end of' the expertment the E>.era.~ed solution 

showed slightly less oxygen than the latter, wa.,; due p:- obably to the chunUng 

up of the gediment in the former aquarium by the bubbling air, 

CONCI.US IONS 

The wastes of the sugar factories prove by experiment to be tox1o to 

fish H:f:e. When well aerated the beet wastes a.re only weakly toxie, but on 

standing. solu.ti ons of this wa.,te in good water kill fishes. Whether aerated or 
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not, Steffen •s Waae, even when nuoh diluted, kills fishes rapidly. A 

2 % solution is not quiakl;y fatal when aerat eo., but a~ solution kille 

quickly whether aerated or not. r::he killing of the fish is not wholly 

due to the consumption o:f' oxygen by the waste, because H high residual 

oxygen of as rm.1oh as 3 to 5 parts per million remained on the death of 

the fishe•. Steffen•~ Vlaete must 1"1 our opinion be c;lassed A.e a d.efinite 

pois.ton to f'-sh life. 

The experiments here recorded were performed, and. the rei:,ort 

nrt?pared by the undersign ea .• 

Report sent to Milton P. Adams 

Carl r.. Hubbs 

Director 
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