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' ~RT ON TOXICITY OF STEFFENS WASTE AFTER PONDING 

Thie report 1s a. follow-up on Reports Mo. lo6 and 130. It deals with the 

toxicity of Steff~• waste a.f'ter this hae been :ponded_ for a consid.ereble m:ini>er 

of weeks~ 

The sample of waste used 1n these experiment• was delivered to the Institute 

for J'isherles Research at 1:45 P .. M. on March 4, 1932, by T. 3. flQwers of the 

Stream Oo?ltt'ol Oommbsion. The statements of Mr. Powers an.d the label on the bot

tle indicated that the sample had been taken -at morning; at 11 A.M. from the 

Steffen'• pond at waste ))ump, at the Blisd'ield plant of the Great Lakes Sugar Oo. 

The -oond was u.id to be receiving some seepage t.rom the lime cake pond.1- 1 and the 
,-

The first series of experlm•nta, 

using 2 liter solutions. were ttarted almost immediately, at 2110 P.M. on March 4. 

The second series, using 5 liter solutions ,ere started. at 10:30 A.M. on MaJ!'oh 6. 

In the meantime the sampll of waate had been kept stOl)'pered, and cooled by a 

cold water Jacket. 

A comparhon of the results pretented below (Tablet! 4 to 9) with those obtained 

from fresh, unpon.d.ed Steffen's waste (Report 106) d.iscloses no olear ... cut d1f:ferencea. 

We attribute the failure of the wat1te to become self' ... puri:fied in this time intenal 

to the fact that it was not diluted, nor aerated.. Steffen's waste when ponded 

obviously undergoes anaerobic d.eco~oeition, on ace011nt of its extremely hidl oxy~• 

demand. 'The ·1ond lt\slself is re'!:!Uted. to have given off a pron011noed. odor, and the 
I 

sample of the pon.de(l wa11te had. a very strong od.or-,.a. mixture of sugary sweetneu and 
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unpleasant putridity. The odor wa1 iq,parent in 5i and 1~ solutions, not completely 

disappearing until the toxicity had been abol.lt destroyed by aeration. 

The sample differed in other reapects than oder from fresh Steffen's waste. 

indicating that it had undergone eonlliderable change. It was no longer of a bright 

orange amber color, but was rather a dirty yellowish c,ay. On shalr::lng it produced. 

suds-like foam, but not ••· t11t:rikingly as the fresh waste does. On aeration the 

solution, unlike the :f're111h waste, did not precipitate lime. Mr. Milton 13 .. AdaJH 

informa me that the ponded waste had lo11t the strong aa111tio alka.lini ty of the freah 

~a•te. Since the to:rlcit1 remains, this may indicat• that the eaustie alkalinity is 

not the ca.use of the to:rloit;r of the fresh waste. On the other hand. the toxicity 

of.' the fresh waste may have been due, 10 tar as we can say to the oau.atio alkaH.nity, 

and the torleity of the ponded wastes to some other ohemical perhaps to products of 

anaerobic decomposition~ 

The possibility that the toxicity ot the :h-esh and ponded wastes, though rou.&bly 

similar may be due to dl:f'f'erent eansee, finds some BUJ>port in the way the fish died. 

In dilution11 of the ponded wa~ite, the fhh usually remained apparently normal for a 

long period; then a few minutes later would be dee.cl. The period of turning on the 

side or rolling or daflhing was usually very short. Death oc0t1rred with violent 

-~ twitchings and of.ten in an opiathotonic rigor sucg,listing that the toxic principle was 

acting on the cent!"al nervous ■ystem. 

'!'he re~orted lack of any fish deatha in the river during the period when the 

ponded Steffen'• waste was being released. was taken by some to indicate that the 

to:rleity of the waste was destroyed, which we have :found not to be true. The factors 

which permitted the fiah to Uva we would assume to be rather rlue to the high water 

leTel and. low water tenmera.ture ot this period. 

The greatd reeistance o:f' fish to the solutions of the waste when cooler is 

shown b7 the first reault1 obtained with the 'JI, and 1()% wagtea in the two-liter e::. 

perim.en.ts. The solutions were made up with water at 14.5°. In the "' experiments 
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('Pable 5) both of the fish, an.d in the 10% eJq>eriments ('!'able 7) one of the fish 

f'irst introduced, and hence en.joying cooler w9ter, lived longer than did the same 

species after the water temperature hed risen 1s.500. 

The lack of a close correlation between low dissolved oxygen value and-- between 

-low- d.iasei.ee o~e ¥alae and the killing of the fish character! zed the e.xperimenta 

with the ponded wa.ate ae well as those using t'reeh waste. When the waste wa• weak 

(2~ aolution) the :t'hb did not die until the oxygen was low• but when the Tf'a.ste was 

strong (5~ to 2~ aolutlos) the fish died when the oxygen Wal high (2.9 to 6.2 pp.m.). 

The data are given in 'fable I. 

'fable I. Dissolved. 02'.ygen analyaes made during experiments with ponded 

Steften 1s waste. 

-ll-xo-. --.%..----A-er_a_t_e_d_? ___ Stl_. _e .... c1_e_s_o_f_fi_s_h_. __ O_x_y-·gen-.·--1'-i_m_e_of--L-a_s_t_s_e_e_n __ Jl_ou._· .-u-d--

no. waste -p.µ.m. analysis alive dead 

2e. 
2b 

la 
11:) 

6c 
I 

10b 
lOg 
10g 
7o 
8h 

54 

2 
2 

0 
0 

10 
10 
25 
25 
?5 
10 

10 
5 

No 

" 
ff 

" 
" 
It 

Yes 

• 
• 
• .. 
" 

Blunt-nosed minnow 
Golden shiner 

Blunt-nosed minnow 
Golden. shiner 

II It 

I I 

Blunt-nosed minnow 
Gold.en thiner 

I I 

Blunt-nosed minnow 

Golden shiner 

" " 

1.8 
If 

2.9 
" 

3.0 
5.2 
• 

R:ritMin. ltJUMin. Rr.Ulin .. 

" 
0:48 
I 

0,:50 
0140 
" . 

uo4 
0130 
0:26 

22:20 
194:20 
1S7r20 

• 
0:40 
2:45 

--
o:4o 
0,16 
0130 
2:10 

23:0; 
19g:05 
194111) 

• 
0148 

11,00 
0,30 
0:40 
Oo4S 
1104 

Ot4o 
2:11 

The toxicity of the ponded waste was destroyed by aeration. very mu.oh as that 

of. the fresh ·wa.ate was. This is suggested by the data given in 'l'able 5 and proved 

in that given 111 Tables 6 and s. It is of ::partico.lar interest, especially &om the 

point of view of the potsible use of compressed.-air aer~Uon in purifying the waste• 

that the toxiett1 of the 51i eolut1on wa• removed in le11s than half the time required 
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to remove the 1>01•onous :preperttes of. the 10}£ solution. The •:proximate figure•• 

given in Table 2, are taken from: the tata in 'fables 6 otl. 8. 

Table 2. fl.me re4'l1:rect tor redu.otlon and elimination ot toxicity of 

stetten•e waate aolu.tlone, by mean• of aeration. 

!oX1c1ty largely destroyed: 

To:noity still obYiouet 

'1'1m:• reff111:re4. 
u•ing flJ/, eoh.tS.011 

1eas than I dayw 

less than 2 daye 

Time rei,Uii-ed, 
· u■illg le>;' solution 

9 days 

10 daya 

16 day• 

' 
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!able). Oontrol (no waste). Hot •rated; 2 11tere of filtered water in 

small aquarium: temperature 14.5° o. at start, gradually increash1g 

to 1s.,0 0. 

Blunt-!Md d.nnoy 

'!r. rMin. 

44103 :Wonal 
52130 Ga.aping rather w1ldl1 at surface; 

oxygen 1.s p.p.m.. 
66,15 .A.ppron•tely normal 
187t20 Still alive 
194120 had 

lglun ehiner 

13t05 ••proximately normal 
44103 Same 
66115 lame 

187t20 Same 
194t20 Dead (death -probably du.e to 

la.Gk of 07gen) 

Table 4. 2;t waste. Otherwise ae in Table 3. 

Jlu••oee4 JJ;dnnow ield.en th!••£ 

Rr.:Min. Hr.tMin. 

9:50 .A.bout normal 
18:05 Same 
22:20 Lapping at SUl'face 
23105 Dea41 dissolTed oxyge-n onl7 0.@5 p.p.m. 

23125 Apl)roxtmately normal 
66tl5 Same 

142150 Very weak and thin 
lglt-120 Same 
19gro5 Dead 
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Exp. 
no. 

3a 
3b 
~a 
4'b 
4e 
>+, 
4e 

Exp. 
no. 

5& 
5b 
5c 
54 
5• 
5f 
51 
5h 
51 
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Table 5. ~ waste. Otherwise as in Table 3. 

Species Aerated? Length of Length of Time last Time 
previous nrertous seen alive found dead 

:t~ standing Hr. i in. Hr •• nun. Rr.2Min. 
without 
aeration. 
Br. nun. 

Blunt-nosed minnow lo 0:00 0100 9150 18105 
Golden shiner No 0:00 ozoo ,,50 18t05 
Blunt-nosed minnow Yet lSelO 0:00 1:55 2,20 
Golden shiner Yea lSalO OtOO 1155 2120 
Blun.t-nose<l minnow Yes 18:10 !5c56 3(39 1,,,1 
Golden shi'ner Yes lSalO 5:56 46129 461 4 
Golden shiner Yes llhlO 4thG; 7120 7:35 

!able 6. 5% waste. Solution made up to 6 liters in a mnall aquarium with 

ftl*ered water at H3.5°o. Aerated for 10 minutes before and 

throughout experiments. 

Golden shiner 
" • 
II • 
" " • " • I 

• • 
II • 

Blunt-nosed minno.-• 

teagth of 
1)J"evious 
aeration 
Ur. nan. 

0110 
2tl5 
5102 
6114 

23,20 
26150 
45:50 
93:50 

215:10 

Time last 
seen alive 
Hr. nan. 

lt42 
1,52 
0:58 
2tl0 
1215 
le45 

36140 
33,15 

23s:35 

Time :f'oan4 
dead 
Rr. :w.n. 

1143 
2145 
llll 
2111 
1:25 

11~5 l1' ()Ii s,20 
- -

• Jumped out of tank 

•• Usually at least as sensitive as golden shiner. 

;f 
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Table 7, 10% waste. Otherwiae a.a in 'fable 3. 

Ezp. S-pec1ea Aerated.? Length ot Length of !ime last Time 
no. l)l'e1'1ou• t~· IN'.ft aUve found dead 

ttanding • •···. n. trr. Olin. Rr.;Mln. 
without 
uration 
Hr.nun. 

6a llunt-noeed Bo GtOC> ()100 4135 7,00 
minnow 

6b O.lden shiner • (HOO 0:00 2:1; .,lo 
6c Golden ehinff " 7105 OtOO 011+0 Ot g 

Golden shiner " 1u,, 0100 2,~, 11,tOO 
7a l3lut..-l'lo•ed Yee 18110 OJOO 0,:50 1;25 

minnow 
7b Golden shiner R lSllO OtOO 2:20 2t4'5 
7c llunt..noaed. It 18110 5i;6 ou6 1104 

minnow 
7d Golden shiner • 18:10 5t56 Ot16 1104 
7e Jnun t. nosed It lStlO 7105 0,29 OtJO 

minnow 
11 Gold.en shiner .. ltHlO 7:05 0130 1:15 



Sa 
8b 
Sc 
84 
Se 
8t 
Sg 
8h 
ll 
SJ 
8k 
81 
Sm 
!n 
So 
fp 
s, 
8r 
88 
St 
Su 

• 
•• 
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'!'able 8. l(}jt waste. Solution made up to 6 11 ters in e. small aquarium, with 

ftltered water at 1s.5°o • .A.erated for 10 minutes before and 

through.out experiments. 

Speoiea 

Golden shiner 
• • 
ff It 

I • • II 

fl • • " • • 
• • 
II It 

I fl 

If fl 

IJ ti 

ft " II " 
ff It 

II • 
B lun t-notiJed 

• 
It 

Length of 
preTiou.1 
aeration 
Hr. :Min. 

OUQ 
1100 
2115 ,,,1 

3142 
5,02 
5153 
7110 

2:,,20 
26150 
451;0 
69,,5 
93150 

118145 
142,10 
19(H07 
214tl8 

mlnnolflt•• 215:10 
" 241H45 
II 262tl0 

Steel-colored shiner .. *(3S5t20 

Jish was weak to begin with • 

Dead several hour• • 

'l'ime last 
seen alive 
Hr. tMin. 

0118 
111:5 
0126 
Ot39 
Ot25 
Or2' 
0,31 
Ot,o 
0,35 
Ot35 
0130 
OdS 
0:25 
Ot~ 
013 
'2t'l'1t 

·' -·-'2a'i:; --
~120 

tOO 

'.t'ime found 
dead 
Rr. lMi'n. 

0,50 
1:14 
0136 
0151 
ltlS 
0:,1 
Ot 4 
o,4o 
o,4; 
o,45 
011.J-O 
Ot~O o, 0 
0158 o,,o 
2113 
o:47• 
3:20 

17,05-• 
29120 
69,25 

••• Usually at least as sensitive as golden shiner. 



Table 9. 25~ wa.ste. Otherwise as in !ab le 3. 

Exp. SpeciH Aerated? Length ot s.«th of Time la.st 'l'ime 
no. preTi0\18 ':,,,tfleu• teen alive found dead 

standing ...-1on Hr. Olin. Hr. :Min. 
without Hr. tllln.. 
aerat101'l 
Hr. OUn. 

' .. 

9a Blunt.nosed minnow lfo OtOO OtOO - o,lg 
9'b Golden shine1' " OtOO OrOO o::3s Ot 2 
lOa lllunt-nosed minnow Yes 015; 0,05 0120 Ot25 
lOb Gold.en shiner • 0155 0105 0,2~ OtJ7 
lOc !luttt-nosed ad.nnow • 0,55 ot45 on 0117 
104 Golden shiner • 0155 0145 01,!5 .0,3; 
10. !lunt.noeed minnow " 0,55 :,,lw ., .. ,, -101' Golden shiner • Ot55 3140 

.j 

I 
_...., 

10g Golden shiner • 0,55 6:10 'k;,,,;~:. 

Golden 9h1ner .. 0155 6no ... -.. 
10h !lunt.nosed minnow ff 015; 17,15 ' 0,30 -101 Golden shiner tt 0,5; 17,15 0:30 
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