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THE EFFECTS ON FISH LIFE OF TUE LIME STUDGR
DUMPED INTO CRAND RIVER BY THE PILTRATION

PLART OF THE CITY OF GRAND RAPIDS

This investigation was induced by local feeling agaiﬁst the practice employed
by the city of Grand Rapids, of dumping the waste lime sludge from its city water
filtration plant direectly into Grand River.

The matter was brought %o our atteqtion by the Stream Qontrol Gem?aission. In
explanation of the situatlom Mr. Milton P. Adams wrote on November 24, 1931, as
follows?

" The Director of Conservation and the writer have just received a copy
of a resclution pessed by the Dwizht Lydell Chapter of the Igzask Wlgton
League of America, of Grand Rapids, on November 20th, relative to gettinz
the city water works there to adont a new means of disposal for the fll. ‘
tration plant lime sludge which is mow being dischargeé to the Grand River.

HIf you have gone over leonard Street Bridge in Orand Repids recently
and looked to the North, you have noted the effect of this lime sludge in
the atream, and periodically when the basins are discharged at the filtra-
tion plant, there ensues a day or two run of lime water down the river.
Iime and alum are used in this nlant, as you know, to assist in the purie-
figation of water and the removal of orzsmic metter and to soften the river
water “for domestic use. The accumilated lime sludge which 18 now dis-
charged veriocdleally to the river, i.e., every two weeks during the summer
months and at three or four week intervales during the winter, eonsistes of
spent lime and precipitated lime consisting largely of calelum carbonate,
together with such other organic matter as is removed from the city water.

“Mhen Mr. Sperry was at the filtration plant in COremd Rapids, he was of
the opinion, I recall, that this matter had no detrimental effect on fish
1ife. The material is umeightly, howewer, and has beer the sourge of
complaint from saveral riparian owners along the river below the filtration
plant where the water is used for béiler and condenser yarposes, This
eomplaint has arisen from the standpoint of the phyeial obstructive and
coating esused by the lime in boilers, tubes, ete.

*1 am Just wondering if such a problem has ever coms to your attention
and whether or not you have any comments you would care to make in this

connection.”
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It was agreed soon afterward that the Institute would make an investigstion of
the effects of this pollution on fish 1life. The investigation was delayed, and field
work by the Institute made ifmpractigal, by reason of the ungertainties existing at
that time regarding the continmuation of the state support for the investigations of
the Institute.

Finaliy. in Jamuary, the agreement for the conduct of this particular investice
tion was resumed, and the Stream c‘ontrol Commission brought a S-gallon sample of
the waste lime sludge to the University. The tests were made that month (Jemuary 21
to 25).

A large mumber of tests were made to detdrmine the toxleity of thie sludge waste
to fish life, especially to mimmews and to yearling sunfish. The end point of eash
of thess 48 experiments and of the 12 controls ie given in Table I. An examinpgtion
of this Table will show thatt

{1) 2ll the controle lived through the experiments; that

(2) none of the fish died in either 1¢ or 2% waste solutions; that

(3) only 2 out of 9 fish tested in the 5% solution dled: that

(4) 811 but 3 of the 15 tested in 10f waste died; that

(5) the time required for the 104 waste to kill is quite variable; that

(6) the 3 fish tested in 25% waste dled quickly, and that

(7) the 4 fish tested in 50% waste dled very quickly.
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TABIE 1., END RESULTS OF EXPERIMENTS TO SHOW THE TOXICITY OF THE LIME SLUDGE
T0 ¥FISH LIFE.
In series 1 thé diinticns were made up to 1 liter (sbout 1 quart) and rom in 2

quart jars; in series 2 these were made up to 5 liters in small aguaria.

Strength Series Aerated? Specles Standgrd Last seen Time of
length alive death
EE + :Eig- Hr. §¥L§. -
04(control) 1 yes gGolden shiner 80 9045% Did not die
o% " 1 # " " Th 90¢535 a
o = 1 no " " 6b 90155 "
Qg " 1 - n " g0 9@,95 ™
ofg 2 - » " 60 32155 "
of * 2 ~ " " 13 88155 "
of 2 L Stoel.colored shinerb’ 88455 L
of 8 2 - Pumpkinseed 32 88155 "
of ° 2 L a 29 68330 "
op v 2 - Blunt-nosed.minnow ZT 68130 "
o 2 - Golden shiner 5 68330 "
of 2 - " " 81 68130 .
1% 1 yes " " 53 90734 "
14 1 no Steel-colorsd shiner §% 90129 "
b 2 yes  ® » el 68330 #
14 2 " Golden shiner 66 681230 ]
14 2 ®  Blunt-nosed minnow 72 68230 "
14} 2 " Pumpkinseed 33 68430 "
14 2 no # 36 68230 "
14 2 #  Blunt-nosed minnow 67 68130 .
i% 2 " Golden shiner 79 68130 "
14 2 " » " 81 68130 .
24 2 yes " " 66 87118 "
24 2 " " " T3 g7115 "
24 2 * Steel-colored shiner 75 87115 "
24 2 *  Blunt-nosed minnow 50 37115 J
2, 2 " Pumpkinseed 2% 87115 "
2% 2 " " 29 87115 "
2% 2 " " 3k g7415 "
» 2 " " 3848 87120 "
55% 2 " " " 47840 .
A 2 " » " L7340 "
5 2 . " gg 1:14 1132
5 2 ® gteslecolored shiner 63 5151 , 6156
&4 2 " " J ug 61120 -Did not dle
54, 2 "  Blunt-nosed mimnow 75 61220 "
57 2 " Golden shiner 53 " 89106 "
5{% 2 e " " 6 29106 L]
104 1 . " " 66 5459 5:59
104 1 no oo 59 90127 Did not dle
104 2 yos " " €3 T3:20 "
104, 2 " . " ab. 58 28146 13131
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Table 1. (Contimed)

Strength Saerles Aerated? Species S$tandard Last seen  Time of

length alive desth

Hr. 1¥in, Hr.: »

104 2 yes Golden shiner ab. 58 24118 - 2515
107 2 * " " 58 18156 21:51
104 2 L s " 66 T:11 7:51
104 2 * Blunt.nosed minmnow (yr.) 1340 17:25
104 2 " Steel-colored shiner 68 0:28 1:19
104 2 " Bluegill 26 1153 2:53
104 2 " Pumpkinseed 29 T1:l40 Did not die
104 2 " " 3 29125 69725
10¢ 2 " " 7 17145 21326
104 2 " " 45 Tilis 26110
104 2 " " 38 2153 610k
254 1 " " 31 1105 1:3
254 1 " Blunt-nosed minnow sl 0150 110
ord 1 no " " 55 2:29 2151
504 1 ye . Golden shiner 60 022 0126
RO, 1 # Pumpkinseed 27 0211 0117
504 1 no 0 29 0116 0t23
50¢ 1

* Golden ehiner 67 0133 0135

¥e conclude thet the lime sludze is poisomous %0 fish life, but that 1t would not
form 3 high enough congentrstion in the drand Biver gt Grand Rapids to ki1l fish. It
would not likely kill f4ish near the point of discharge of the waste, Where the concentraw
tionm run up to 5% or 104 for a short discharge, because as explained later fish
show a strong negative remction to the waste when sgirong and milky.

The lime sludge presumsbly acts 28 a direct chem;cal poison, and not through
withdrawal of oxygen from the water. In our experiments hearing on this point, the
f1sh dled evenly more quickly in the serated them in the noneserated solutions of the
same gtrength (see Table 2). The resson vrobably was that the bubdbling alr kept much
of the 1lime in sugpension, wheress in the unserated tanks the 1lime soon precipitated to

the bottom, and was only occasionally stirrsd up during the experiments.
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TABIE 2, COMPARISON BETWEEN EFFECTS OF AERATED AND UNAERATED WASTE SOLITIONS
(A1l experiments belong to Series l-see Table 1)

Aerated golution Unmerated solution .

Tast seen  Found Last seen Yound
Species Strength alive dead alive deead
Hr.tMin. Hr.:Min. Hr.i¥in, Hr.iMin,

Golden shiner 104 5159 5159 90327 Did not die
Blunt-nosed minnow o8 0350 1:04 2:29 2151
Golden shiner : 504, 0322 0:26 0333 0135
Pumpkinseed 50% 0311 0:17 0216 0123

Even when the gsolutions were aerated some of the lime gradumlly settled as a hard
precipitate, md it was noted that the torxieity of the szolution waes concurrently decreased.
Data bearing on this point are given in Teble 3., Whather the preclpitation of the Hme
wag the sfmle reagon for the decreised toxieity, we do not know, The resultes indicate,

however, that the toxiecity of the lime would be expected to deoremse in the stream.

TABLE 3, DECREASE IN TOXICITY OF 10% LIMZ SOIUTION ON ATRATION,

5 liters of solution used in small agquarium.

Time fish were aﬁded after atart of experiment

0 to 2 min. 27 hr.:51 min. 29 hr.131 min.
Speeies (and standard Last seen  Found Laet seen TFound Last scen Found
length) alive dead alive dead alive dead
Hr.:Min. Hr.:Min. Hr.:Min.  Hr.iMin. Hrmiyin, Hr.iMin.
Steel-colored shiner (68) 0128 1:19 - - - o )
¥lunt-nosed minnow - - 13340 17:h5 - -
(yearling) ‘ ‘
Golden shiner (58 to 68mm. T:1l 7151 T3:20 Did not die - -
" " * 18:56 21151 - - - “
2l118 25156 - - - -
28146 31131 - - - -
Bluegtll (26) 1153 215 ,
Pumpkinseed (29-47) 253 6803 178h5 21125 7345 26110
- - - - 29125 6912%

- - - - 29:2§ 71340

The eymptoms shown by the fish preceding death are dlfferents from those exhibited
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by fish being killed by certaln 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 bef‘dre their death. In the lime 2ludge dllutions, however, the effect
:shewed up at once, and the killing was a long drawm out affair. To illustraste this

statement we glve two charscteristic examples (Table U4).

TABIE Y4, SYMPTOMS SHOWN BY FISH BEING KILIED BY 4 10% SOLUTION OF THE SIUDGE.

Time from start §teel-colored shiner Golden shiner

of experiment

0302 Distressed; at surface part time Distressed; at surface part
time

0:20 At surface; weak At surface; weak

03258 Losing equilibrium S

Qs28 Up side down] very weak

1:19 Dead some time

6306 Gapping badly

7:11 Weakening

781 Dying :

17:51 Bare signs of life

21151 Dead

Zven in 14 and 2¢ solutions, which 4id not i1l in the course of the experiments, the
figh ghowed at once a much greater nervousness than in the ccﬁtrols. snd sometimes lapped .
at the surfsce. The pH of the clear liquid after the lime had settled was markedly in-
ereased even in the 14 waste. One test gave a pH of 8.7. In 10% solutions the pH was
raised to some point above 9.2.

Despite its high pH (ebove 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 strongly
poisonous. One liter samples in 2 quart jJars were used. One aerated and one noti in
each a blunt-nosed minnow and a pumpkinseed yearling was vplaced, and kept alive for &2
hours (when the experiment was ended). They showed some wild dmshing, and in the un-
aerated solution lapped at the surface, as would Be exvected, but none of the fish
ghowed signs of imnending death at. the end of the experiment. Ye have no reason to

think thet the clear solution made by the river water washing over sludge beds would

k111 fish.



-7-

Pollutions may affect fish in ways other thsn merely killing them. The solutions
of some wastes induce a negative reaction, that is they cause the fish to swim away
from them, The reaction of fish to the waste was tested out in a sinc-dined tank,

12 inches wide and nearly 16 feet long, and containing water about 2 1/2 inches deep,
Into one end was run the clear 1liguid from which the lime had settled after being
frequently stirred up, while into the other end, also serving as ocutlet, was run

water of simllar temperature untreated with lime. The differences in the water in the
different quarters of the tank was shown by pH tests. The method of recording and
presentings the dats was to determine the time in seconds that the msjority of the fish,
rempined in a given quarter of the length of the tenk; and enterinz thias in the column
of the table correspending to the quarter of the tamk ocecupled. Then after the fish
moved into the next quarter, the time the majority spent there was entered in the next
columm, snd in the next lower row. Thus, at the beginning of the main experiment
(which followed preliminary trials), the fish stayed /7 smeconds in the end quarter
into which the freshwater entered; then moved into the next guarter for ¥ seeonds,
{nto the next aquarter for 5 segonds, then into the opposite end (lime.water inlet)
where they stayed /7 seconds, ete. (follow Table 5). The fishes used were a comsider-
gble nunmber 2i5h1ners (mostly golden shiners) along with a few sunfish and others.

It is clear from the data, presented as Table 5, that the fish showed no evident
negative reaction to the stroﬁg 1lime sludge water, when only the clear liguid was

used. In this tzble, at vproperty points, the pH concentratlon as colorimetrically

measured 1s inserted.



TABLE 5. SHOVING REACTION OF FISH TO CLEAR WATER WHICH 7AD PrEN HEFEATED
MIXED WITH THE LIME SLUDGE,
The mumber of seconds the fish remained in each quarter of the tank 1s shown. The

four columns correspond to the muarters of the tank. The pH determinations are interw

polsted.
Time water - Clear water |Lims water Glear water
enterad this entered this Jentered this entersd this
end end end - ' end
PH 9.1 oH 7.9 . PH .9
T
5 — .
1
— o
21 . 5/3/
— 1
B | —
T 66—
=t 62
1 2
s 15 -
17<6 \6>13
5 y

—_— \
1
i —
\u
19/‘\/\/21 6—
——
—_— 15 \7
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TABLE

5 (contimed)

Time water

“Time water

Clear water Clear water
entered this entered this entered this entered this
end end end end
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ZABLE % (Contimied)

. i .
Lime water Clear water Iime water
entered thie entered this dntered this
end end 4nd
vH 9.24 pH 8.6 0B £.0 |
Iime water now stopped and more syatem water in

12
5 —
2
5
67.
11-~N_‘\\\\~
9

ciear water
entersd this
end

o .
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Fhen a milky mixture of lime sl udge and water was used at one end of the tank, in-
stead of the clear lime watsr, the reactions of the fish were entirely different. They
showed very strong and unmistakable aveidance of the milky water. They rarely swam into
1%, usually turning about and retreating éam first entering the clouded edge. Whether the
response was chemical or visual was not determined. Nor 1s this perhaps important, It
seens safe to conclude, that whem the river is made milky by releasing the lime sludge,
that the fish of the stream move out of the affected seotion. The loss to this section may
be as serious as though the fish were killed.

The data are shown in Table 6, whieh presents the results of the main experiment, whieh

followed preliminary trials indiocating the same conelusions,

TABLE &, SHOWING REACTION OF FISH TO MILKY LIME SLUDGE WATER

The number of seconds the fish remained in each quarter of the tank is shown,

Milky water Clear water Milky water Cle ar water
entered this entered this entered this entered this
end end end end
3
13
9
5.
0
2<‘/ T
2
1e
10
58 )
56
()
15
\*]
80 "
169 o
19
15
7?1
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