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OOtTCLUSIOl'l'S F.ROli EXPEP.IMElf::S OH SU8iJ?. F!.i..L.1'T WASTES, RET-0~1J:D1G 

TO POSSIBLE >tETHODS OF TEJ:lAT.nT'l TT.ASTES AlID T.O THE DH'-

FICU'LTIES rn C!J..SSIFYilTG POLLU':1IOlTS lJJD rn FIXDTG LEGAL STAl'J-

DARDS FOR POLLUTED 1.'iATERS 

For some time the general -problems of the relationship between water -pollution 

and fish life have confronted and concerned the Stream Control Commission. The 

Institute for Fisheries Rese2Jrch has enc.ee,vored to supply data leadin6 tovrard a solu

tion of these "9rob lems. and has to a.ate prepared 7 renorts on this subject (Hos. 53, 

61, 67, 72, 85, 86 and 106)0 Other reports are forthcomint~• 

The vrork done on the effects of sugar J)lant wastes CI~e-J?ort 106) a.evelo1)ed some 

points of more general a:p-plication, and these points }1ave been reserved for discus

sion in this re-;iort. The uoints to be teken up a.re: 

(1) A vossible methoa. for the tre,-,tment of Steffen I s Waste. 

(2) A suo;gestion for the treatment of the other wa.stes. 

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

(4) The incomplete valia.i ty of the classific2.tion of -pollutions into 

oxygen-consu.minc~ and :poisonous tyoes. 

(5) The difficulties involved in fixing '+-,egal stanclr:rds for degree of -:qollution 

permissable in streams. 

1. ! uossible method i£E. ~ treatment of Steffen's Waste. 

In the course of the exi;ieriments to deterrnine the effects of SteffenJs Waste 

on fishes, it was incid.ently o.iscovered that the orit:inal rr'cther 1)i,g toxicity was 
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g,Teatly reducecl by t}1e sin1J?le process of 1::ul)"blin.:; cir throu:"h the liquid. The .sir 

was released through a 5/t 11 Fil tros pluc;, a.net rose t~:rour_c;h only 4 inches of water 

in ctn aquar.ium Y,ith a surface exposure of 7 3/411 X 13 3/411 • 

would orobnbl~j ha.:ve accelerated. tl1e aestruction of the lethe.l properties of the 

waste. Even with the more efficient ~eration achieved 'by usinG the same nir outlet 

in a 2-~~art jar, it was found tbat the oxygen consumption was merely ret2rded in 

a ~e:b solution of tl1is .w.ae. 1Jf1aste, \l1l1ile vri tl1 a, lOr.~ solution this arnou.nt of a.erc .. tion ..-/ i I ~ 

faile(l to1uild the oxygen up to a point hi;;)1er tha.'1 0.5 or 0.6 :p.p.m. _ so g-rea.t 

is oxygen cle::nand of this solution (see experiments CB 10-B 16) in Report 106). In 

the aquaria, a freshly made up 4~ solutio"'.l with one fish, after about an 'hour con,.. 

tained only 3.65 p.-o.m. of oxy,,;en, though aerated the entire ho1.;.r. 

In order to appreciate the difference in the len6th of time required for the 

Steffen's Waste solution to kill a fish before ancL after ~eration, we summarize 

from :Report lOG the killing time of 4% and 5,":1. 6.ilutions more or less freshly made 

up (the 5~; e:x:periment -performed in two-qua.rt jar; the ~ experiments in aquaria): 

Exp. !1To. Aerated? % Waste S,::iecies St~ndard Over all Last observed ::9"ound 
length, mm. length Alive dead 

Hr. :t!in. Hr. :Min. ~---- •··· ..... 
]10 Yes ~A :Bluegill ?7 3.411 o:4o o:42 '.:>iil l::l 

Bll l"l'o 50::' Pump~d ns eed 62 3.111 0:24 • 1" 

09 Yes 4ct Small-mouth 5s -i..lPI 0:311, 0:35 I 
_., 

bass 
ClO Yes J+:;1 Punr9kinseed 69 ;: 411 1:02 ,-:J 

_,. 
011 }Jo ~t Small-mouth 51 2 i::11 0:12 0:24 

{ 
._., 

bass 
Cl2 N'o ~ Purrrpkinseed 55 2.7 11 1:22>!< 

013 No 44- Rock b2ss 35 l OIi o:4o 3: 10* 
49; 

. / 
C14 lJo Hybrid sun- ab. 105 ab. 511 4:26 5:37 

fish. 

•Just died. 

we may now show the results obtained in tne sta,ndard aquaria (1-'.sing 5000 cc., 

t;iving a de:c,th of row¢ly 411 ~nd a S'J.rface exno~mre of 7 3/~- 11 X 13 3/LP1 , 'by using 

what was 1.14 Steffen's Waste, but now wealr..e,ned in whatever may be in death-causing 
{ 

1Jroperties, by being aerated for many hours. The e}::rJeriment s e.re a continuation of 



_;;_ .., 

those listea_ in Report 106. In all four exi;,eriments aeration was continued. throu$ 

:t:he experiment. 

Experiment 0 17: rock bass TThich had survived Exp. A 3 (31~ T'lm. standard length, 
1. 7 inches over all). T11 is solutio:2 had killed a uumoldnseed sunfish in 
1 hr.: 2 min. ( exp. 0 101, but had. then been allowed "to stand with aeration 
a an 6.dditional period (~1 hr.: 29 min.); started 11:20 A.1/., lJovember 19. 

Hr. :Min. 
0:40 Hormal 
3: 10 II 

6:4o II 

11:25 
21:00 
32:10 
45:16 

II 

II 

II 

II oxygen, 

Hr. :Min. 
85:00 
93:00 

103:00 
117:00 
120:4o 
1L~0: 50 

liormal 
II 

II 

II 

II 

Dead 

Experiment C 18: hy1)rid sunfish which haa. been servi:n<c:r, as one of controls for 
C-series (about 5 inches over all). This fish adcled to Exp. 6 17 at 8:45 
A.M., November 20, or after solution had been aerated. 11.3 hr.: 56 min. 

Hr. nan. 
4:15 

10:45 
23:45 
63:35 

~Tormal 
II 

II 

II 
oxygen 2.65 p.n.m. 

Hr. :L1in. 
71:35 
95:35 
119:25 

l?orrnal 
lformal 

11 ; experiment ended. 

E:it-periment O 19: blacla:;..nosed dace ( 69 mm. standard lencth; 3 .2 inches over all). 
This fish add.ed to Exp. C 17 after it :1.a<l run just 85 hours; therefore after 
the solution had been aerated for 107 hr. :31 rain. It should be reca.lled 
tha.t the <lace are more delicr--,te than sunfishes. 

Hr. :Min. 
B :00 li!'ormal 

Hr.:Min. 
18:00 Dead 

Ex~rnriment C 20: g-reen sunfish (51 mm. standard lene;th; L(.0 inc11es over all). This 
fish added. to Exp. O 17 after it li2i@ run just 35 ~1.ours; therefore 2fter the 
solution had been aerated :~or 107 hrs. :31 min. 

Hr.:Jllin. Hr.:1Un. 
s:oo 

lS:00 
Normal 

II 
32:00 
33:00 

On side; breathing 11ard 
Dead 

Clearly nuch of the toxicity of dilutions of Steffen's 1/!aste is {;Te2+ly reduced 

by bubbling ail' throng.½ it one to several days. If no reasonably economic way of 

consuming Steffen's Waste as a. b~r-1Jroduct is ae-ielouea, we would suggest that some 

consideration be ,2;iven to the 1-:1ossibility of temnorarily storing e.no. aerating it 
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before allowinf~ it to discharge into natural waters. Of course, muc.11 further 

experimentation would. be called for, especially in the aeration of full strength 

of Steffen's Waste, or strong solutions. 

2. ! sur-~gestion for the treatment of the other wastes. 

W'hi1e the experiments have shown that t}:-le other wastes, which the sugar s-:ilant s 

give off in much larger quantity, 2.re not nearly so poisonous as Stef:f'en 1s Waste, 

yet they must play a la:'ge role in depleting streams of their o:x:y,_'<;en. Tb.ey ma1:e uu 

in total qua.nti ty whatever the~r ma,y lack in deleterious qua.li ty. 

Ever since my studies of su2;c-J' nlant wast es in 1921, I have felt convinced th,3t 

some way coula. be devised. to retain tllese wastes within the plant, usin[; the water 

in a circulating system. The cost of removing the suspended matter by sedimentation, 

filtration, centrifw1;in2~ or other means, would very likely be offset by the great 

decrease in the heating bill, for the coal waste in ci.iscarding hundreds of thousands 

of gallons of w2.rmed water after one use nust be great. Some thougbt mie;ht be given 

to the possibility of thus concentrating to a savable point tl1e weal;;: eolution of 

SU(;ar which is now lost. 

3. The variations in resistance of fish t.Q. ~ o.xyr;en. 

In the experiments with sugar plant wastes it was found th2,t the amount of 

dissolved oxygen in the pollution samples vras not at all closely correlated with 

whether the fish died. or not. The data are sumrn..-..,rized in Table I. ~.'."' exa.rnb.a.tion 

of this T2J:ile will show that e tl:e fish often died in the -oresence of wl1at we wou.1.d. 

ordinarily consider sufficient oxygen, whereas others lived for about three a.ays in 

water having less than 0.5 :p.p.m. of ox;yge_n (exi::iecidly experiments C 4 a:r'.d C 5) • 
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T.ABJ'..J:J I. 

Exn. Kind of l5f_ 
/~ Aeratecl? S1)ecies of fish Oxye;en Time of Last observed. Found c.ead 

Ho. Waste Waste p.p.m. Ana.lvsis alive Hr. :I.fin. 
Hr. : !,1!i n. 

A 2 Control 0 No. !ionr;-esred sun:fish 1.90 2:i:;2 6:36 1;:45 
A ~ :Beet l Yes Lpre;e-mouth bass 5.35 61=3s 52:00 61:y· 
A G Beet 1 No If II II 0.60 2:3iJ. 1:47 2•~4 ..... 
A 7 :Beet 10 Yes Perch 5.11-0 28:::;2 26:i:;2 28: r:;2 
A 8 Beet 10 No Perch 0:80 5:l+9 4:03 5:49 
A 9 Beet 50 Yes Pumpkinseed 5:90 98:10 s5:10 98:10 
AlO :Beet 50 No II 0.35 2:66 2 :l~3 2: i=,l 
All Beet 100 Yes II 3.15 4:10 r25 4:io 
:B 4 Steffe"'1 0.1 No Rainbow a.art er 1. r:;E) h • 05 :oo 4:2~ .. '--
B 7 JI 2 Yes Perch 4.§o 36:03 27:5S 36:03 ✓ 
]10 II 5 Yes :Blue,~Jll 3.~o 0:42 o:4o O: 1~2 

Bll II 5 No Pumpkinseed 2.90 0:24 0:24 
El2 It 10 Yes II o.i:::o 0:20 0:18 0:20 

•✓ 

Bl3 ti 10 Yes Rock 'bass 0.50 0:26 0:20 0:26 
:rnL~ If 10 Yes Sti cklebac}:: 0:60 0) r:,, 0: 1J.7 0:57 • I 

Bl5 II 10 No Pumpldnseecl O: S,0 0:14 0:11 0:14 
BllS II 10 No Bluegill 0.50 0:23 0:22 0:23 

C 1 Control 0 Yes Hy1:.ric. surdi's h 6.45 29 :L~O Did not cie 

§-~O 
. ' 

11 II ti 
C 2 II 0 Yes II II 29 :L~O 

C ,: II 0 Yes II " 0.65 29:40 ti II II 
..J 0.LlQ 46:oo II II II 

C 11- II 0 lTo " II 

0.33 46:oo II II II 

0.25 70:10 11 ;1 II II 

0 5 II 0 1To II II o.4o 2LL•1i::: II II II 
• • ..J 

o.4o 29:l.1-o II II II 

o.~-7 46:00 II " II 

o.4o 70:10 II II II 

C 6 II 0 lTo II II 0.70 29:lW II II II 

1.68 4b:OO II II II 

2.50 70:10 II II II 

:0 7 Steffen 2 Yes II II 5.s5 20• 11 0 II II II 
.--· . ...,. 

2.50 70:10 II II II 

C s II 2 Ho II II o.oo 21:r-;~ 13:l.;.Q 21: L1-5 
o.oo ':>"Z :' 4~ II II 

C 9 II 4 Yes Sm.all-mouth bass 2 •}5 0·;36"' 0: 31~ Q•-Z.'~ • -·' I...-

ClO II 4 Yes Pumpkin seed 3- 05 1:02 1:02 

Cll II 4 }Io Small-mouth bass 2.35 0:24 0:12 0:24 
Cl2 II 4 lfo Pnmpkinseed 3.15 1:22 1:22 
Cll.f II 4 No Hybrid. sunfif',h o.oo 5:37 4:26 5:37 
Cl~ II 6 Yes II II 1 ), 'l 0:55 Q•L'"' 0:55 . .,. , • ro 

016 II 6 No II II 2.00 O:~t:; o::48 0:55 
017 II l.1-- Yes Rock bc>ss 2.65 45:io 120:L~o lLJ.O: r-;Q ,, 

018 II 11-- Yes Hybricl su:-1fish 2.65 23 :l.~5 Did not die 
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The dissolved oxyr_~en concentrations at whic"L•,.. -1-vl1e -f_i· s_i-1es 0°1• - , t , · ' t· · ,, • .. ec. ano. a Vh11cn ne:r 

lived., as given in Table I, v21'ied f1S follows: 

Fishes c.ied 
Oxy:::;ene analyses, p. ·p. m. 

o.oo 
o.oo 
o.oo 
0.35 
0.50 
0.50 
0.50 
o.~o 
o •. so 
0.60 
a.so 
1.i_~~ _, 

1.50 

Fishes lived 
Oxy0en a!lalyses, ~9.p.m. 

0.25 
o.,;,; 
o.4o 
o.l.;.o 
o.L~o 
O.L!-0 
o.47 
0.70 
l.b8 

2.50 
2.50 
2.b5 
5.85 
G .l.~o 
6.45 
6.50 
r_ .r5 o.o 

(4) The inconrolete validity of the classification of 1'.lollutions into 

oxy0en-consumin,::,: and noi sonous t:v1'.les ._ 

~!e have for years consia.ered the su,c:;r-.r "Dlant wastes, inclucting Steffen's YT2.ste, 

as of the oxygen-consuminp; chnrncter, as opl)Osea_ to the -ooiso:r:tous t~roes of rr.eny 

ind:nstri2.l wastes. 1!!e knew, of co1..1.rse, that the lethal -:-iroperties of low oxy,sen are 

accentuated by an increase in the c1.issolved cru:bon a.ioxia.e. We hr-.a. not before 

realized, however, how closely related are the lethal nro-perties of low oxyr;en and 

the :nreseYJ.ce and 1dnd of oxJr{.,:en-consuming wastes in the vr::,,ter. !'J. t11e 9resence of 

Steffen'~ Waste our :F'ishes diec.. when the oxygen v2riecl from O to about 6 narts ·oer 

million. Yet in the absence of t:i.1ese wnstes, usinf; a c;ood. water v.-en conoitio:ied for 

fish life, sunfishes- lived :?bout 3 d.o.ys in vrater baring less tha.'1 0.5 p.:p.m. o: ox;n2:en. 

It becoa1es cle~.rl;., a,rmaren t • t"!1.at a distinction of Llichi-,;en :pollutions into 

oxy,<2;en-consuming a"!1d toxic types is artificial and 1Jrobaol.r of no 1Jractical use, and 

shoi..,lo_ therefore oe a.b~mdoned (by t~10se of us who have aclo1Jted such a classific.d.ion). 

This conclusion is confirmed. by other data 211.d e:;.__1):erience which we gre accumulatin.~;, 

1:,oth in natural ana. in -polluted. waters. 
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5. ~ difficulties involved in fixing leegl standards for a.er-Tee of 

-oollutio~ uermissabl~ in streams. 

The ldllb.g of fish in water having a dissolved oxygen content of 3 to 6 parts 

per million, on account of tl1e prese::1ce of a waste w:1icl1 is essential1Jr of tlie 

ox;rgen-consuming "'.lroperties, r:ial:es it rlifficult to give advice for the fixing of 

a legal standard of dissolved oxygen per~~ssable for polluted. waters. Clearly, 

experiments to determine such a suitable y21•0.-stick should. be run in the nre 0 ence of 

actual :pollution rr,aterials. Probably-every different type of uol1ution will ·be 

found to kill fishes at its own syecific dissolved oxygen point. 

Certainly the :point of 4.0 parts :oer million of d.issolvec. oxy{:;en, which has been 

consic1ered as e. safe value for all streams uncler 211 concU tio11s, is not co11firmed. 

by the experiments cited in this re-oort and. Renart 106. To Jt.1.dc;e by our uresent 

evidence, a minimum oxygen value of G.o p.p.m. would be none too low to hold as ,1eeded 

to consider a stream fit with any o.ebTee of assurance for fish life. 

The variability of the lethal point of c1issolved oxyge:?1 would. apparently call 

either for a rel2tively hijh value to te fixed as a legally accept13J:ile one, or for 

separate tests of ei tl1er a. chemical or a -physiolo5ic21 nature to bemade on each 

uolluted w~ter under considerRtion. 

This re:port he"s been "))re-pared for the consideration of the Strepm Co11trol 

Commisdon 8,ncl the Depp_rt,":'lent of Conserv::-tion by the unc'l.ers:i. 0:ned .• 

I}TS~ITUTE FJR FISHERIES RESEARCH 

Carl L. Hul)bs 
Director. 
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