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Re,>ort 135 

THE E:rFEOTS ON FISH LX1.! OJr THE LM S!UJ)OJ 

DUMPED INTO GlWfD RIV"m :BT it'!trl! J'IL'rlU.TION 

APR 14 t932 

FISH DJV!SJON 

Thh 1Mestigatton was bu!.uoecl by looal :f'eeHng against the practiee emplo;sred. 

by the city of Grand Rap1d.s, of du.mping the waste lime sludge from its city water 

fi Uration. plant d.ireetly into Grand R.t•er. 

The matter was brought to oor attention by the Stream Oontrol Oemmission, In 

exnlanation of the d tuation Mr. Milton P, Adams wrote on Noveml:>er 2l~, 1931, as 

f'ollQWst 

" The Director of Oonsena.tien ari.d the writer ha.Ye Jut received, a oop7 
of a resolution passed by the Dwight I.yd.ell Oh&J>ter of the Izaak W~on 
Lea£Ue of Jme!'ic.a, of Grand Ra;ptds, on liovemer 20th, relative to getting 
the ci tr water works there to adopt ,a new means of disposal tor tb.e flt.. 
tration plant lime sludge which is ttow being d.hcl:iarged. to the GJ'and R1Yer. 

nrt ;you he.Ve gone· over Leonm-d Street l3r1~e in Grsnd. -tde recently 
and look.a. to the !forth, :,on have noted the ef'feet of this Ume 9ludge in 
the sti-eam, and periodically when the basins are disehar~d at the flltl"e,.. 
tion plant• ther• ensues a day or two run. of lime water ,~own the river. 
Lime a11d alum are used in thh plant• a.• y-ou lmo,r, -to 1?.Hht in the -µuri­
tiea.tion o.f" •a.ter and the remoTal of organic matter and to soften the· river 
water 'for domestic use. The aOfflUll).la.ted. lime sludge whleh is now dis,,. 
charged :i,ertoAcally to the ri"fer, 111••• every two week:tt du.rtn~ the suimer 
months and at three or four week in.tens.ls during the winter, consists of' 
spent lime and preci1>1tated lime oonsiat1n,g largely ot calcium cal"bon.ate. 
together with such other orgruiie matter aa is remoTed f'!'om the city water. 

"'then Mr. Sperry was at the filtration plant in. Grand b!)id.•• he waa of 
the opinion, I recall, that thitJ matter had :no detrimental effect 01l fish 
life. '-'he material 1.s u11dgb.tly• howeyer, and has bee.n the sour• of 
complaint from SeYeral riparian owner• along the r1Ter below the :N.ltrat1on 
t>lant where the water is used for b6ller and eond.enser purpo•••• !his 
complaint has ar1.sen -rrom the stattdJ)oint of the ph;yo~~l obetru.cH•• Di 
coating c•Md by the lime in boiler•, tub-e•• etc. 

•1 am jllst wOTtdertnc if tu.eh a problem hu eTe1' come to your attention 
and whethff or not ;you han any eomments y<J11 would care to make in this 
connection.• 



rt wa.a agt-eed soon. af'terw8l"d that the Institute would make an investigntion of 

the ef':f'ecte of thh pollution on fiah 11:re. '!'he lnYetU,gatlon was delqed., and. f'leld 

work by the Institute made imprac,t1eal. by reaaon of the wscertabt\ies existing at 

that time regarding the continuation. of the etate sup-port for the invest iga.tione of 

the Institute. 

J'iu.lly, in Jam:a.ary. the agreement for the eon.duct of this particalar in1restiga,. 

Uon ••• reawud, and the Strea,n Control Oommias:lon brought a 5,-gallon SSJttPle of 

the waste lime sludge to the lniTerstty. The testa were made that month (January 21 

to 25). 

A large number of tests were made to det6t"mtne the toxicity of this sludge waste 

to tleh life, eepecially to mlm•• and. to yearlin.g sunfish. the en! point of ea.eh 

of these 46 emerir:nente and of the 12 controls :le given in '!'able I. A.n exa.mina.U.o:n 

of this Table will show thttU 

(1) all the controls liYed through the experi.menta; that 

(!) none of the fish died. 1n eithel!' 17' or 'I$, •aste solutions; that 

(3) ouly 2 0t1t of 9 fish testet in the ~ selution diet; that 

(4) all but 3 of' the 1; tested in l~ waste di8'.t that 

(5) the time requ.ired tor the l()Jb waste to kill b quite Tariable; that 

(6) the 3 fish teated in ~ wa11te 41•4 quickly, and that 

(7) the 4 fish tested in~ waste died ver1 quickly. 



!~Ul 1. END USULTS 01 EXFWMEN'l!S TO SHOW THE TOXIOITY OF TEE LIMil SLTJDGE 

TO .FISH LIFE. 

In se,ries. l the dilntic!ls were made up to l 11ter (about 1 qu.art) and run in 2 

quart jars: 1n series 2 these were mad• up to 5 Hters 1n •mall aquaria. 

Strength 

1~ 
1~ 
1~ 
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Series Aerated? Species Stanqrd 
length 

l. 
l 
1 
l 
2 
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2 
2 
2 
2 
2 
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no 
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no 
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• 
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It 
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• 
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" • 
• 
" 
" 
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Golden shiner SO 
I II 74 
• • 64 
• • so 
I II 60 
II If 73 

SteeL..colored shtner6) 
Pu.mpklnseed 32 

fl 29 
13lunt-noeed ... minnow 77 
()olden shiner 65 

I ft 81 

" " 53 
Steel-colored shiner 53 

• • 64 
Golden shiner 66 

Blunt-nosed minnow 72 
Pwnpkinseed 33 

• 36 
lHunt-nosed minnow 67 

Golden shiner 79 
• • 81 

• • 66 
• • 73 

Steel-colored shiner 75 
Jlunt-nosed minnow 50 
~kinssed ~5 

ft 29 
• 34 

" 
II 

I It 

: Steel-eo~ored shiner ~ 
" " • "tO 

• Elunt-nosed minnow 75 
• Golden shiner 659 
• • • 4 

It 

no 
yes 
• 

• 
• 
I 

" 

• 
It 

• 
" 

Last seen 
alive 
ft• tJ\B· 

90155 
90:55 
90:55 
'6ti5 
$815; 
88155 
88s55 
ss,55 
6fh30 
68(~0 
Gs,30 
6th30 

90,:54 
90:29 
68,30 
68t)O 
6S(30 
6!tJO 
68130 
68130 
61130 
68130 

s7,15 
s7115 
17,15 
87115 
87tl5 
87:15 
s7,15 

S]t20 
47t40 
47s4o 
1:14 
51;1 

6h20 
61120 
s9,o6 
89to6 

5159 
90:27 
7J:20 
ds46 

Time of 
death 
Hr. !Min. 

Did not die 
ff 

• 
" 
" ti 

I 

• 
" • 
" • 
" ... 
" 
' • 
" • 
" 
" • 
• 
fl 

• 
It 

• 
fl 

It 

• 
ti 

• 
1132 
6:56 

-Did. not die 
• 
ti 

It 

5:59 
Did rtot die 

• 
33131 
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Table 1. {Continued) 

Strength Series Aerated? Species Stsndard Last seen Time of 
length alive death 

10% l!r. lJii!l• 1tr. •~n• 
2 res Golden shiner ab. 58 24tl8 25,5 

lot 2 • • II 

~ 18:56 21151 I 

1~ 2 • .ff II 1:1.1 7:~1 l()Jt 2 If Blunt-nosed minnow (yr.) 13:40 17• 5 
l(),t 2 • Steel-colored shiner 6g 0128 1:19 
1~ 2 • :Bluegill 26 lii3 2,53 
1~ 2 • Pumpkinseed 29 71, O Did not die 
lOit 2 tf • ~f 29125 69,25 
1()% 2 II ff 17,45 21:25 
1~ 2 • ff 45 7,4; 26,10 
lo,( 2 " ff 38 2153 6:o4 

2~ 1 It II 31 1:05 1:3~ 
2~ 1 " :B lunt.-..nosed minnow 54 Ot50 1,0 
25% 1 no " ff 55 2:29 2:51 

501& l yes Golden shiner 60 Ot22 0126 
50% l • Pumpkinseed 27 0111 0117 
5<>;1t 1 no .. 29 0:16 0,23 
50% l ff Golden shiner 67 0133 oz:35 

b oonclsde ~ the lime sludQ .1! noiaqp,w@ ll (hh .ll.;ta, lull. ~ ii wou,ld not 

form .I ll1£h !494&h gonaep.tration 1n, ~.h§ ilrand liver JU. Grmd, ltl!,T.)ids to !111 fish. It 

would not likely kill fish near the point of discharge of the waste. where the coneentra,.. 

tion~ 1"'1.ln up to 51t or 10;!! for a short discharge, because as explained later fish 

s}l.011' a strong negs.ti ve rea.Gtion to tbe waste when strong and milky. 

The Ume sludge nresuma'blf' acts e.s a direct chemical poison., and not throu.gh. 

withdr'awal of oxygen trom the water. In our exioeriments bearing on this :poS.nt • the 

:f'iah dietl events, more quickly in the aerated then in the non-aerated solutions of' the 

same strength. (eee Table 2). The reason -probably was that the bubbling air kept mo.ch 

of tbe lime in suspension. whereas in the unaerated. tanks the lime soon precipitated to 

the bottom• and was only occasionally stirred u-p during the experiments. 
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TA1UJ! 2. OOMFARISON :BETWEEN EFJ'.EO'l'S OF ilRA.TllD A-rID UllAllU..TE!l WASTE S01.UTIOIS 
{All experimental belong to Series 1-see Table 1) 

Species 

Golden ehiner 
Blunt-noeed minnow 
Golden shiner 
Pumpldnseed 

Strength 

10% = ~ 

A1rated 
Last aeen 
alive 

Hr. aMin. 

5J59 
0;50 
0:22 
0:11 

solution 
Found 
dead. 
Hr.H.iin. 

5:59 
lto4 
0:26 
0117 

Y:n1er1ted s2lut1on 
La.st seen Found. 
alive dead 

Hr.:Mtn. Hr. H.fi?h 

90:27 Did not 
2;29 2,51 
0:33 0(35 
on6 0,23 

die 

Even when the solutions were aerated some of the lime gradually settled as a hard 

precipitate, and it was noted that the toxicity of the solution 'W88 concurrently decreased. .. 

Date. bearing on this point are given in. !able 3• Whether the -precipitation of the lime 

was the •~ole reason for the decreased tox:iei ty, we do not know. !he results indicate, 

however, that the to:rloi ty of the lime would be expected to decrease in the stream. 

5 liters of solution used in small aquarium. 

Species ( and standard 
length) 

Time :f'iah were added. af'ter start of experiment 
0 to 2 min. 27 hr.151 min. 29 hr.:Jl min. 

Last seen Found La.et seen Found ta.st seen Found 
alive dead alive dead alive dead 

Hr. :Min. Hr. :Min. Hr. :Min. Hr. :Min. H:rv11Min. Hr. tMin. 
I I , 

Steel-colored shiner (68) 0128 
llunt-nosed minnow 

r:19 
13140 17,45 

' - I -
(;yearling) 

Golden shiner (58 to 68mm.) 7:11 
" 18:56 " .. 

:Bluegill (26) 
Ptlmplrlnseed (29-4 7) 

24:18 
28 :l+6 

7'51 
21151 
25156 
3lf31 

' -
Did. 'not 

' -. --
21::25 

die ' -
' -

7:45 
29l25 
29ue1 

• -I -
' -

26:10 
69:25 
71:40 

The BJ'DPtome shown by the fish preceding death are different• f'rom those exhibl ted. 
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by fish being ldllect by certain other wastes• for example the ponded Steffen's waste 

dealt with in Report 134. In solutions of that waste the fish usually appeared almost 

normal until shortly before their dee.th. In the lime sludge dilutions, however, the ef:f'ect 

. showed up at once, and the ldlling was a •long drawn out affair. 1'0 illu•trate this 

statement we give, two aharuteristlc examples (Table 4). 

TJJ3Lll 4. SYMPTOMS SHOWN :BY FISH l31INO KIL!iJm :BY A. l~ SOLTJTION OF 'l'H.E SUIDGE,. 

'l'ime :f'rom start 
of experiment 

0:20 
0:25 
Ot28 
1:19 
6;06 
7:11 
7:51 

17,51 
21:51 

Stee1-colored shiner 

l)istressedf at surface part time 

At surf'aoe: weak 
Losing equilibrium 
Up side downJ Yery weak 
:q,ead. tome time 

Golden shiner 

Dittressed: at surface part 
time 

At aur:f'ae411 weak 

Gapping badly 
Weakening 
Dying 
Bare signs of life 
Dead 

-----------------------------------------
Even in 1~ and 2% eolutions, which did not ldll in the course of the experiments, the 

fish showed. at once a nuch greater nerYousness than in the controls, and sometimes lapped 

at the surface. The pH of the clear liquid after the lime had settled was markedly in­

creased even in the 1~ waste, One test gave a. pH of 8. 7. In lo,& solutions the pH wa1 

raised to some point above 9.2. 

Despite its high pH (above 9.2), the crystal clear water which had been repeatedly 

shaken with lime, but from which the lime had resettled and been removed, was not strongl7 

poisonou.s. One liter samples in 2 quart jars were used. One aerated and one not: in 

each a blunt-nosed. minnow and a pumpld.nseed yearling was placed., and ke'pt a.live for 52 

hours (when the expel'iment was en.ded). They ahowed some wild dashing, and. ln the un­

aerated solution lapped. at the surfa.ee, as would b-e expected. but none of t'he fish 

showed signs of impending death at the end of the experiment. We ha'Ve no reaeon to 

think that the clear solution made by the riTer water washing over sludge beds would. 

kill fish. 
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:Pollutions may a:.f'f'aot fish in wave other than merely killing them. The solutions 

of some wastes induce a n-egat1Te reaction. that is they cause the tish to swim away 

from them. The reaetion of :f'i9h to the waste was tested out in a sino-l$11ed tauk, 

12 inohea wide a:nd nearly 16 feet long, and containing wata about 2 1/ 2 in.che• ••P• . 

Into one end waa nm the clear liquid from which the lime had settled ~:fter being 

frequently stirred up. while into the other end. also serving as outlet• was ra.n 

water of s1m1lsr temperature untreated with lime. The differences in the water in the 

different quarters of the tank was shown by pR tests. The method of recording and 

present1np; the data w88 to determine the time in seconds that the majority of the fish. 

remained in a given quarter of the length of the tank; and. entering this in the column 

of the tab le eorretrpond.:1.ng to the qna.rter of the tak occupied. Then a.:rter the fish 

moved into the next quarter.. the time the majority spent there was entered in the next 

eolumn, and in the next lower row. Thus, at the 'beginning of' the main experiment 

(which followed preliainary trials)• the fhh stayed /? seconds in the end quarter 

into which the f!'eshwater entered; then moved. into the next. quarter for 'i?" second.a, 

into the next quarter for 5 seoonds, then into the opposite end (lime-water inlet) 

where they stayed If second.s, etc. (fc,llow Table 5). i'he fishes used were a ccnaider­

able number tshiners (mostly golden shiners) along with a few eunfish and others. 

It is clear from the data, presented as Table 5, that the fish showed no evident 

negative reaction to the strong lime sludge water, when only the clear liquid was 

used. In thie table, at property points, the pH concentration as oolorimetrically 

measured. ie inserted .• 



mtm 5. SHOWING l?J:!OTION OF 1rsn TO CI,EAll WATER WHICH TT.Al) :Bli"l:N m'~'.l~ 

MIXiD WITH THE LIME Stm)Glfl" 

...... -

'!!he number of aeconds the :f'ish remained in each quarter of the tank is •hown. The 

t'our columns correspond to the quarters ot' the tank~ The pH determinations are tater♦. 

polated. 

Lime· water 
entered. this 
end 

PH 7.9 

Olear water Lime water 
entered thts entered this 
end · end. · 

pl J.9 

Clear water 
entered this 
end 



t.tme watel' 
entered this 
end 

, 

TA:BLE 5 ( 0011.t imed.) 

Clear ,rater 
entered t'hl• 
eiti 

Lime water 
entered tb.l• 
end 

·•,·. I• : 

Clear water 
ntve4 thi1 
ead 

l 



!MlLE 5 (Oontin:u.ed.) 

Lime •a.tel' 
entered thia 
end. 

Olea watei­
entered. thb 
end 

pH 9.2+ pH 8.6 pH S.O 
lime water now stopped and more system water in 

~5 
10 --------.. 

12---------1.· 

-------=---.:::29 
1 

~~1 
25 

23. 

T 

· tme water 
· nterot this 

4 

Clear •a.tel"· · 
eatel'f>d tnl.• 
end. 
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When a milky mixture ot 11:me s1. udge and water was used at one end ot the t•nk, in­

stead. ot the clear lime water, the reactions of the fish were entirely d1tferen11. They 

showed very strong and umrdstakable avoidance ot the milk7 water. The7 rarely swam inw 

it, usually turning about and retreating b first entering the clouded edge. Whether the 

response was Chsical or visual was not determined. Nor is this perhaps important. It 

seems sate to conclude, that when the river is made milky 'by releasing the lime sludge, 

that the fish ot the stream move out ot the affected sectioa. The loss to this section may 

be as serious as though the f'ish were killed. 

The data are shown in Table O, which presents the results of the main experiment, whieh 

followed preliminary trials indioaUng the same oonolusions. 

TABLE G. SHOWING REACTION OF :FISH TO MILKY tnm SDJOOE WATER 

The number of seconds the fiab. remained in eaoh quarter ot the tank is shown. 

Milky water 
eatered this 
e=-

Clear water 
entered this 
end 

Milky water 
enie:red this 
end 

6 

Clear water 
entered this 
end 

3 

9 

0 
1~ 

5~-----_ -_ -_ -_ -_ ~..1.1 ... 
1 

,1 
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