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CONCIUSIONS FROM EXPIRIVENTS OF SURAR PIANT WASTES, RELLTING
TO POSSIPIE METHODS OF TABATING THISE TASTES AKD M0 THE DIT-
TCULTIES T OTASSITYING POLLUTIONS AWD TN TIXTNG TEGAL STAIL

DARDS FOR POLLUTED ATERS

For some time the general problems of the relationship between water pollution
and fish life have confronted and concerned the Stream Jontrol Commission. The
Institute for Fisheries Research has endeavored to supply data leading toward a solu-
tion of these vroblems, and has to date vrepared 7 reports on this subject (Wos. 33,
61, 67, 72, 85, 8 and 106). Other reno*ts are forthcoming.

The work dome on the &ffects of sugar vlant wastes (Hevort 100) develoned some
points of more general application, and these points have been reserved for discus-
sion in this report. The noints to be taken up are:

(1) 4 possible method for the trestment of Steffen's Waste.

(2) A susgestion for the treatment of the other wastes.

(3) The variations in the resistance of fishes to low oxyzen.

(4) The incommlete validity of the classification of pollutions into

oxygen~consumine and poisonous tynes.

L

(5) The difficulties involved in fixing legal standards for degree of pollution
permissable in streams.

1. A possible method for the treatment of Steffen's Vaste,

In the course of the experiments to determine the effects of Steffenls Taste

on fishes, it was incidently discovered that the original rather big toxicity was



greatly reduced by the simole process of tubhline air throush the liquid. The air
was released through a 5/8" Piltros plug, and rose through only Y inches of water
in an aquerium vith a surface exposure of 7 3/UM X 137 3/Un, 1ore tﬁ?omgh aeration
would probebly have accelerated the destruction of the lethel wnroperties of the
waste. Even with the more efficient geration achieved vy using the same air outlet
in a 2-quart jar, it was found that the oxygen consumtion was merely retarded in
a 5% solution of this was waste, while with a 10% solution this amount of aeration

/

failed totaild the oxygen up to a point higher than 0.5 br 0.0 pep.m. — s0O eat

4

1s oxygen demand of this solution (see experiments B 10-B 16) in Report 105). 1In

the aquaria, a freshly made up X7 solutio=n with one fish, after about an hour con
q ’ Pty . ?

tained only 2.65 p.o.m. of oxygen, though zerated the entire hour.

In order to appreclate the differente in the length of time required for the
Steffenls Waste solution to kill a fish before and after aeration, we summerire
from Report 106 the killing time of 4% and 5% dilutions more or less freshly made

/

up (the 5% experiment verformed in tvo-quart jar; the US experiments in aqusria);

Txp. No. MAerated? % Waste Species Standard Over all Last observed Found

length, mm. length  Alive dead

. Hr.:Min, Hr.:Min.

B10 Yes 5% Bluegill 67 ERT 0240 Q:h2

B1ll o 5% Pumpkinseed 62 3,10 - o:2h

09 Yes Lef Small-mouth R~ LR 0:34 0:35
bass

¢10 Yes A Pumvkinseed 69 7, Ln - 1:02

011 Yo 47 Small-mouth 51 2,50 0:12 O:24
bass

cl2 Yo A Purpkinseed 55 2.7 - 1:22%

013 Yo Lt Rock bass 35 1.9 0:4 24100k

o1k pife A Hybrid sun- ab. 105 ab. &5 L:ob 5137
figh,

*Just died.

e may now show the results obtained in the stendard aquearia (vsing 5000 cc.,
- ~ \ } - s "
giving & devth of rougaly UM end a surfece exposure of 7 3/¥" x 13 3/UV, by using

<&

vwhat was %) Steffen!s Waste, but now weakefined in vhatever may be in death-causing

properties, by being aerated for many hours. The experiments are 2 continustion of
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those listed in Report 106. 1In all four exveriments aeration was contimied throush

the experiment.

Experiment € 17: rock bass which had survived Zxp. 4 3 (34 rm. standard length,
1.7 inches over all). This solution had killed a pumokinseed sunfish in
1 hr.: 2 min. (exp. € 10}, but had then been allowed to stand with aerstion
a an additional period (21 hr.: 29 min.); started 11:20 A.M., Hovenber 19.

Hr.:Min. Hr.:Min.
0:40  Kormal £5:00 Normal
7110 i 9%:00 "
Galg " 103:00 "
11:25 " 117:00 "
21:00 1] 120:)'1'0 "
32:10 " 140:50 Dead
5:16 % ; oxygen, 2.65 v.v.m.

Exveriment € 18: hybrid sunfish vwhich had been serving ss one of controls for
C-series (about 5 inches over all). This fish added to Exp. 8 17 at €:U5
M., November 20, or after solution had been aerated 43 hr.: 50 min.

Hr,:¥in. Er.:Yin.
La15 Yormal 71:35  XNormal
10:45 " 95:35  Wormal
23 1l5 " oxygen 2.55 p.D.m. 119:25 " ; experiment ended.
63235 "

Experiment ¢ 19: black-nosed dace (&9 mm. standard lensth; 3.2 inches over all).
This fish added to Exp. ¢ 17 after it had run just 85 hours; therefore after
the solution had been zerated for 107 hr.:31 min. It should be reecalled
that the dace are more delicate than sunfishes.

Hr.:Min. Hr.:¥in.
8:00 Normal 18:00 Dead

Experiment ¢ 20: green sunfish (81 mm. stendard length; 4.0 inches over 211). This
fish added to Exp. @8 17 after it Wy run just &5 hours; therefore after the
solution had been aerated Ffor 107 nhrs.:31 min,

Hr, :}¥in. Hr.:Min.
8:00 Normal ' 322:00 On side; breathing hard
18:00 n 33300 Dead

Clearly much of the toxicity of dilutions of Steffen's Waste is grestly reduced
by bubbling aif through it one to several dayvs. If no reasonsbly economic way of
consuming Steffenls Waste as a by-nroduct is develoved, we would sugsest that some

consideration be ziven to the vossibility of temmorarily storing end serating it
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before allowing it to discharge into natural waters. O0f course, mich further
experimentation would be called for, especially in the aeration of full strength

of Steffenls Waste, or strong solutionms.

2e & suggestion for the treatment of the other wastes.

While the exveriments have shown that the other wastes, which the sugar »lants
glve off in mach larger quantity, are not nearly so poisonous as Steffen's Waste,
yet they must vlay a large role in depleting streams of their oxXyzen. Taey malte up
in total quantity whatever they may lack in deleterious quality.

Ever since my studies of sugar olant wastes in 1921, I have felt convinced that
some way could be devised to retain these wastes within the plant, usins the water

in a circulating system. The cost of removing the suspended matter by sedimentation,
filtration, centrifuging or other means, would very likely be offset by the ereat
decrease in the heating bill, for the coal waste in discarding hundreds of thousands

of gallons of warmed water after one use must be great. Some thougit micht be given

to the vossibility of thus concentrating to a savable point the weak solution of

su;zar which is now lost.

%e The variations in resistance of fish to low oxygen,

In the experiments with sugar plant wastes it was found thet the amount of
dissolved oxygen in the pollution sammles was not at all closely correlated with

died or not. The data are summarigzed in Table I, An examination

vhether the fish

of this Table will show thate the fish often died in the presence of what we would
ordinarily consider sufficient oxygen, whereas others lived for about three days in

water having less than 0.5 p.n.m. of oxygén (expecially experiments C 4 and @ ).



TABIE I.
Bxp. Kind of ‘,’3 Aerated? Snecies of fish Oxygen  Time of Last observed Found dead
No. Vaste Waste Pen.m., Analysis alive Hr. ¥in.
Hr.:Min,

A2 Control O No. Lonm-esred sunfish 1.90 2352 6:36 1%:l5
A5 Beet 1 Yes Lorze-mouth bass F.%5 61135 R2:00 61135
A G Beet 1 No " " " 0.60 2:3h 1:47 2:33
AT Beeét 10 Yes Perch F.40 28152 26152 28152
L8 Beet 10 No Perch 0:80 sl 4103 5:49
A 9 Beet 50 Yes Pumplinseed 5:90 98:10 85210 98:10
Al0  Beet 50 No " 0.35 2:66 2:43 2:71
411  Beet 100 Yes " 3.15  U4:10 125 4:10
B 4 Steffen 0.1 Yo Rainbow darter 1. "0 lU:zs 100 Yio3
B 7 L 2 Yee Perch L.90 36:03 27:58 76203
B10 L 5 Yes  Bluegill 3,90 O:lbe 0:40 Osh2
B1l L 5 No Pumpkinseed 2.90 0:2h - O:24
Bl2 " 10 Yes L 0.50 0:20 0:18 0:20
B13 10 Yes  Rock bass 0.50 026 0:20 0:25
B1L " 10 Yes Stickleback 0:00  Of~7 0:l17 0:57
B15 " 10 o Pumpldinseed 0:50  O:1k 0:11 O:1h
315 v 10 Yo Bluezill 0.50 0:23 0:22 0:23%
c 1 Control O Yes Hybrid sunfis h 6.45 29:h0 Did mot cie
¢ 2 1 0 Yes " " 6.50 29:k4 " " 1
oz " 0 Yes f i 5465 29:40 i " "
¢l " 0 Yo " " 0.40 Lo:00 L

0.33 U45:00 nowon

0.25 70: 10 i 1] 1}
e 5 " 0 No - " " 0.10 2)-4-:15 # " "

g 0.40 29:40 nouom

0.47 U46:00 weowoow

0.40 70:10 noowoom
c6 " 0 Mo " L 0.70 29:40 meowo

1.58 L56:00 Weow o om

2.50 70:10 weowoon
T 7 Steffen 2 Tes " " 5.85 293k meewoon

2.50 70:10 L . \
o8 nooop Yo " " 0.00 21:%5 13:10 21:145

0.00 2345 " "
a9 " 4 Yes Small-mouth bass 2.35 0136 033k 0235
010 " i Yes Pumpkinseed 3.55 1:02 - 1:02
a1l ] 4 No Small-mouth bass 2,35 02l 0:12 O:oh
cle " b o Pummlkinseed 3,15  1:22 - l:22
o1k " U Yo Yybrid sunfish 0.00 H5:37 L:26 5137
o1k 0 6 Yes " " 1.45 0:5% 0:4g 0:55
016 " & No n " 2.00 0:5% 0:4g 0257
017 T Yes Rock bass 2.65 U5:10 120:40 140:50
018 " U Yes Hybrid sunfish 2.65 23:l5 Did not die
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The dissolved oxygen concentrations at which the fishes Gied and at wiich they

lived, as given in Table I, verizsd as followss

Fishes died Fishes lived
Oxygene snalyses, p.n.m. Cxyzen analyses, DeD.m.
0.00 1.90 0.25 2.50
0,00 2.7 043% 2.50
0.00 2.35 0.40 2.55
0.35 2.65 0.40 5485
0.50 2.90 0.40 6.10
0.50 3.15 0.40 6.5
0.50 3.15 0.47 650
0.50 3405 0.70 .65
0.20 ;.90 1.68
0.60 4,90
0.80 SPLS)
l.br 5.85
1.50 5+90

(4) The incomlete validity of the classification of nollutions into

oxygen-consumingz and volsonous fymes.

We have for years considered the sugar vlant wastes, including Steffen'g Waste,
as of the oxygen-consuming character, as opnosed to the poisonous tynes of mony

industrial wastes. Ve knew, of course, that the lethal properties of low oxygen are

accentuated by an increase in the dissolved carbon dioxide. We had not befare
realized, however, how closely related are the lethal onroperties of low oxygen and

the presence and kind of oxygen-consuming Wastes in the water. In the orecence of

Steffenls Waste our fishes died when the oxygen varied from O to about & varts ver

million. Yet in the absence of these wastes, using a zood water vell conditioned for

-

fish 1life, sunfishes lived =bout 2 doys in wa F

ter naving less than 0.5 v.v.m. of oxygen,
It becomes clezrly apoarent, that a distinction of Hichisen vollutions into

oxygen-consuming and toxic types is artificial and probably of no vractical use, and

should therefore be sbendoned (by those of us vho heve adonted such a classification).

This conclusion is confirmed by other dats and experience vwhich we sre accumulating,

both in natursl and in volluted waters.
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Be The difficulties involved in fixinz legal standerds for desree of

— —

vollution vermissagble in streams.

The ¥illing of fich in water having a dissolved oxygen content of 3 to 6 parts
per million, on account of the nresence of a waste which is essentizlly of the
oxygen~consuming nroperties, mekes it difficult to give advice for the fixing of
a legal standasrd of dissolved oxygen vermissable for polluted waters. Clearly,
experiments to determine such a suitable yerd-stick should be run in the oresence of
actual pollution materizls. Probably-every different type of vollution will he
found to kill fishes af its own svecific dissolved ox%gen point.

Certainly the point of L.0 parts ner million of dissolved oxysen, which has bheen
considered as a safe value for all streams under =211 conditions, is not confirmed
by the experiments cited in this revort and Report 106. Mo judge by our oresent
evidence, a minimum oxygzen value of 5.0 n.p.m. would be none too low to hold as needed
to consider a stream fit with any degree of assurance for fish life.

The variability of the lethal point of diszsolved oxygen would apnarently call
either for a relatively hish value to be fixed as a legally acceptable one, or for
separate tests of either a chemical or a vhysiological nature to bemade on each
polluted water under considerntion.

This revort has been prepared for the consideration of the Stream Control

Commission and the Department of Conservetion by the undersigned.

INSTITUTE ¥OR FISHERIES RESEARCH

Carl L. Hubbs
Director.
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