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Stream Control Cormnission 

._ t•i•lty to ...,..,_._,. tiah• ot ...-1a -,.mu pla:H.ng . . 

'baths 'Ml•• ........ ,-. ____ , l>7 tile 

.U.li-ohlwlati• 11dnNW 

.. 
hwp •• ·•hlNnt~ 

ll1ehi&Nl ~'t ot ~i.toa 

Mm -U'Mr • Uiobigaa 

!he ate tiqnal of •••• ••taial:ag .,.W• alw ·•• alwa7a 

ott_... mtln1' 41tf10\llt1ft to 1a&e .,_..'tor• of ,1uvo,lattag p1-ta 

Waea o,aa1a •ne• •• aue_.,_. «U.Netly into • atnaa lu"p ~1-­

of tillltia watv &ff Nqllired to ·Nmtter tu ettl.,..t lml .. uou_. au 

ill llilll1' ,._...._.. the waw.r nppU.ea eaNatial trw neh dilutiea are 

11m1Dd. Th• plaat th••f'ore eithv ••-' r•~ to••• othtJP aetilo4 

ot 41apeal or w't nm the rl•Jt: of MataaSna-t:lag polio -.'h!'a. Al• 

tl\Mgh ....-al_..._. haft beft clefflope4 11'l th• paat 'to ttliainat• 



.. 
OI' ••••• 'i1- haaard ot eya,,.id.e dispotS&l• thq ••• aot beea utd:Yff'aall7 

aoeepte4 by the plating WuaW7 b--••• of the high •••'I of thAt eq;u.1:,• 

._, 5.Jn-•lffA v tho •cnm.t of tMhniea.1 b.elp require« te follow euoh 

preoed.vea. 

iiD.•• manJ •f th.a plating plaat1 ot wday ue aaall eata'bl1•••ata,. 

it la oon8l4.eecl highl7 u,inble \bat a meth•4 be 4nelope4 wldeh oan 

be autt •<t1tfn\•11J in both aall u.4 large pltm:ta., fhe alb.li• 

ohlortutioa method. ,,-..:red b7 E. l+ h Pont cl.e »•••• & O.paay-. 

appev1 w 'be appllo'ble \o 1aeb. opaaid.••• lt ocm.1in1 .r veata•t 

of p-la1111ag ••t•• with ohl.-ia• 1n tit.• preaen.o• ot • alaU.ne aed.ium, 

bl'euiag clowa tile O radioaai 'through a aertea or el\emioal r•••tou 

(».noa, 1947), u.4 aa'ir'o,inc the ol'tafteteriatio toxio ion. 1&tunll7, 

fellGlfi.ag the ,_....1.,--t ot thia __..od it •• neo••8UJ' to 4etend.ne 

the n'tlen't 1a redue1lion of tniotty. ib.oe many pltt.tlug waatea ffen ... 

tally reaoh atl"'eama eontaiaing fiah popalation.a, it•• beU.eTtu.l tha.t 

fish aheu14 """' at a,eria•-1 animal• 1n a ••1•• et teat• aiae4 

at e1ta'bliahiag u. iaclex .!!. tui•i-t;z: whieh wou14 taoilitate 4lr9"'b ••· 

par1••• ot the toxioi"7 of •••w4 anti treated ••t••• A atuq ot 

iltd.e •"•• •• 11».4ertaken dving the water and spring ot 1946 u4 

1911,7 •· •h• Iaati'INte t• E. I. Du Pont 4e Hemova & C-,e»7 whioh ha• 

....... the ooat ot the experiaet•• 

.hkllowledl!!en.ta 

Th• writff 1, cr•tl7 lncle'bjed to Clarenoe Taube, Fi1heri•• Biologiaii 

ot tll• Inat1ilut• tor Fiaheri•• haearoh, tor his work ia ••eluting the 

\eat,, and to nr. A. s. laaH1'4, Dlr••'• ot ta• In•"itute tor Fiaheri•• 

ltea-.reh a• a oonaultant. Aolm.01Jledg•e111i 1• alao •'• to Manlq s. Bo••• 



•I • 

....... l•U• w c,..si. rtolui1 ».fflip.iaat, of •• Du Pct c-.-,, ·. 
fvbia e-,.ra.tia ad.h&g••tt ... 4VJ'Ug the--•• et~ ••47• 

.... ,..1. -·~--· 
the Glmleal• _.. ta '-" ~•• •1lPP11e4 1t7· h Poat, •••late4 

flt aveate4 aacl tl"ea\e4 ••ner pla.tuag \Ja'"1•• a1no platlq batha, u4 

ou'burldag al'\& Mlnla11 '-•• lta'\ha ... ,,...,.,. .. apeoitioally. tw 

. ._. P•••• ,.....,, a1J ldgller iibaa ..,,.1 •oao--att.... Ill• ual.71•1 

Oftfflq th ... pla1Wag ul~S...-, aa 111fplied b7 h Pct, are t•t•d a1 

tollw11 

•.1., h P•t lU.p !z"4 f!la!! Pl&t!!J .,-. 

h ,- Bp SpN4 ...,_. Platiq kl"- ftN m1aM •• 

9 gall•• ot ••• ia u aaoat atfl.olen w o'btaia • aolutloa 

wt:th a total OJaDi4• ••teat et S ,_. ... , _,., ••• .._ •• ••• 

1. VJmoeaW • bo J.-plle ,-ntoa1 ot tldt aolut1e Wl"e an 

aat.u (laQ OMna1J J♦O ,_.oatJ pl OY_. l.J)• 

a., Cbl•blaffd • fh• Hal.ml• ot tke aolala (appJ'oxS.-.t•l7 

T pllou) -· •• , .. ,n.th IO ,... ... , la.OJI ua 16 ,.. .. 

ot •1a (4•9 ,..,_. c11 ,- , •• , w.a). ,..,. .. ,1., ot .__ 

. ttnal. U,f!_,. ...... apeof.fio pt&TitJ'• l♦JI ~,~. pllt 11.81 

laffO, --• .. ._..._, &ftlla'hle 011, aae --•-41 :laCI, lHI 

-.,. l ,... Cha Sa tilva'9:. l ,,.. uA <h, la al'114p 12.1 ,. ... 

• ...- (drJ ••u). 
I. Du Poat ...... 'Wlte• Zia• Pl.a11!91&"11 

A ntti•1mt aanat of l1\l Pail •hNwt••• Z1m Platug hlu 

•• aiae4 with 9 gall-.. ot •tv to o'btaia a ••lnie with a to•l 

oyut4• oonten't ot ; per"1'lt eapre11e4 a• lf&QI• 



1. intro.te4 "' Two 1 .. gallon. portiGJ1e ot tb.111 ••luti• were ••1l 

aaid.e (la.ON 0011:tat ; .. o percent; pR oT•l" 1;}. 

2. OhlGl"hated. • ~• remaindff' of th• aolutioa1 (approximately 

1 gallon•) •• t70.ttd 1rith. 9 po•d• ot NaOlI and 10 pounds ot 

012 {J.l poau Cl2 ,-r peuad X.010• Propertiea ot the tlnal 

liquor ••r•• 1peoitia ~•vity,. 1,.25 ~~• pH, 11.0, anilabl• 

011• 0.02 pffoa.t, laCJO,. 0.1, pePoen't; laff, laas than 1 PJ'DJ 

1ino in tiltnt•• 5 pp.t!.t; ud aino in 1l11d.ge1 60.2 peroen;t ( vy 

••t.•>· 
c. Du Pon, aai:bv.i•!ff 8-lt la:th 

• 1utt101at ao•'b .t a ~• ot •• pN'·t Du Poat cu-...tu 

1ac lalt to wo pane Du Pon't lt•t frutbg Salt 16 ( the r••--•u4 

•~Ull nd:nve tor 'iM h Pent '-1-buri&in.g Salt Bath)•• disaolwt 

m · 9 p.llG!lf of water te ol>taill a aolutlioa 1ti;th a toilal cyanide 

oe.ri:tent ot 1.5 ,.net e:q,r•••H aa liaCJ. 

1. Untr-eat.4 • ho J.,...,gall• pwtiaaof thia eolution wer• ••t· 
e.a14• (kCW •••t, a.J ,-reet). 

a. O.bl.,.inat.4 • !he r...,u4•r ot the •ollrli1oa (app.roxi.mat.17 

7 pllou) •• treatet with. 9 peada of Ne.OH UAl 6.5 pound• 

of Cl.a (J.6 pewuit 012 pet" pouacl kCN)w P'r'•pertlea ot th• 

f'S..1 liquor were, apeoitio gravity, 1.19 ~ai~' pB, 11.61 

aftila.ble 018 , Q,OJ7 PffO&tJ Na.01101 0.5 paroentJ and NaCH, 

1••• than l ppm..• 

!eat ti.ah oonai.necl ot the bluegill (Lepei• maoroohil'ua) and tM 

lrna bu.llheaa (Ameiuru aebuloau). The bluegUla., 1 .. 1/2 to 2 .. 1/2 ineu1 

h length, were ••ourecl troa hep lake,. Oakl.an4 Count,", Michigan, and. 
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tr-om th:• Wolf' Lake Stat.I Pieh Bat•hffY !n Ve Bur•n County, '.liehtgu.. 

The bullheads, 1fh1ob ranged 1n length trom 2 to. , .. 1/2 bohea, weroe 

olrtain.e4 from Portage Or••• Jaokecm Counily • :ta.ch1Pll• and t'l-a 'the 

Oastook Pai-k State Fieh ll&toheey in Kent, Co,m:ty. Micddgan. Oare was 

talr:b in the collM'tion of thee• ti.eh to seleot only healthy incH.Ti• 

4uala. 

The •• ua4. tOI' Petalning the atoc,k eupply et tiah, tot' th• 

dilution ot the pla\blg •'•rial•• and tor other pwp•••• dueetly co:n­

ee:rne4 With the ntdy, •• ••••4 tr• Pl•ing Creek, Wa1htnaw 

County• Hit,hlga.11- ftd.a watel" waa eonaideNd iio lJe repr•••tativ• ot 

normal atream .,_.. in whieh a m-4vate popula\ion et tishea oould 

\tt •••tained nooeaetully. fh• total hardnea1 (JI. O, alkaliai:\7) •• 

188 ppm. !he pR a'N!ngecl abw, 8-4.. Bo tr•• ovlJoa 41.oxicle or otha 

aaiou.a o.••• ,..... pr•••'• 

lh• ••t equipa•t oonai•w• of l•gallcm glaea jata, eaeh equipp• 

wiith a oow.l" and. aa air rel•••• All eontaet• with the pl&ti.D.g element• 

wer• •4• with et.th•J" gla•• OJI nCN1-eor:rosiff tixtv••• Th• eolutlcm 

,apen~v• •• appr•iutel7 that of the laboratOJ7, ••• 72" F., 

fh• te•t F"•4ve employed to d.eteraue 1du• r•lat1w toxioity ot 

the plating aolatic.m.a 'to tiahet •••i•t•4 ot pr.,..,.iag a ••ies ot atMk 

1olaic1 ~••en·Ung a wi4• range ot oonoenwatlon tor eaeh of the 

proqota, an4 npoaing tr-• J to 5 tishea to eaoh oonoeavation. The 

ten ju-a wer• auppl1e4 with 3,000 ou.bio centimeter• of atoek solution 

and the tiah were retaue4 ia a giYm solution ter a period net •xoeeding 

96 OOlllNutin hour•• At frequent intern.la wt thin thia period the oon­

di tion ot the fl.a wae no"9d a.ad it U17 a.ead w•• preaent they ,rere 

immediately removed to preftllt poselble contamination. During the entire 
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ma.de of the reserve etoek of :t:bh being retained. in a holding tank withia 

the laboratoJ')"• The texioit7 of the plating bath.ans m•awed. in ten• 

ot the ree.otio:a of tiah exp•••4 te varying oonoentration,. Th• deg•• 

oi toxicity waa .-.aluated. 1n terms ot the "eonsisten.t tolerance limit,• 

an npreaaion denoting the higheet concutntra.tion a, whieh all ot the 

test u.imala IVY1ved a 96,-hour expoaur•• 

Prooel.ure 

Fout' voupa ot -,.rnutn.t• in.Yol"Ving I~ indi:vid.ual teat, were 

undertaken during the study. The group teata •••i•'b•4 ot d•te,,mining 

the relati.ve todoity ot (l) ea.eh of tb.• thl"'•• u.veat•• u.4 treat.cl 

••tea, (2) the at.qMtrnata.n:t of the VM'ied waste, (J) the asludge ot the 

treated •ate, and. (4) the alu4g.e of the treated ••te t.t'ter undergoing 

alight e.eiditioa.ti•• 

!he three raw plating •olv.tiona were to\tlld to po•"•• hip ton• 

val••• the ooriautent tolera».•• limit (in term• ot the ao,ue.l r••idue.l 

eyu14• pr••at) •• 0.4 ppm rw the bluegill ancl 0.5 tw tu 'bullhead 

tor both 'bhe ooppei" qd sine plating aolutimu. the tod.city ot the 

lethal limit be.ing enalJliehedat 0.25 u.d. o.J75 ppm., •••peotiTely, tor 

,u bluegill and the 'bullhea4. 

le$ulta ot the toxioitr teats are beat expr••••• in degree, of 

41lution of the baaic plating bathe (fable l). On thia baaia the w.luea 

are expreee•d in higher unit• than when espreeaed in terms of oyanide 

ogtent. The tolerance l•••l• tor the bluegill wei-• 8, 8, and 10 ppm 

1n the oopper, zinc, and carburizing bath.a, reapeotiTely. The oonsiate:nt 

tolerance lenla tor the bullhead. were 10, 10, and. 15 ppm, reapeotively. 



kbl♦ 1 .... Th• wsioltj of \m.Uet.te<l .ooppel/' plating batn, llu plAtlng bath anti 

oa~buriah.g alt• ath to bluegill• and bullhee.4t 

Oonon.vatf.a 
et 'bl.alo 
platug batu 
1a 

1,000 100 .• 00 lo t••t lo teat 100.00 5 1H> 1 11.P• I 1so 8 ab.. 

1,000 ,o.oo 9 ... 12 m1n. 1 ~. 11 a.Sa. j(t.00 ' to 7 mu lfo teat ,. ~.oo 6 'to 34 lda. •• .... .., as.oo lo 
--··--

7 -li lda. - 10.eo Ko , .. , 1' " J8 m1a. 10.00 s ,. 12 •• lo , .. , 
1ao 5.00 11 ,. 24.m1a. J t• ' how• s.eo .. wet 9J te 187 m1a. ,. a.so l'o '"" 6 t• lJ houra 2.50 •• ten 96 to lff •In• _. 2.00 lo ... , lo t••t 1.00 21 'be 40 min. Bo tea\ 

• 1.00 JO tee IJ •in• Jl 'bo ~ heura 1.00 51 -110 ain. ' te ; h0\11'• 

1; 0.1, lfo ten lo ten 0.75 Bo ten lfo t••· 
18 o.60 6o to ~ am. •• u,t o.60 ' to 4 hov.re :,a to " ho•~ 

10 o.,o ' to J.5 ho;r• ~hoUPa 0 .. 50 •• ten 96+ hove 

• 0.40 96+ hour• ~ hour• 0 • .40 9'>+ hov• •• .... , 
' o.,o 96+ how• :lo ten o.,o 96+ hove Jc teat 

I 

5 o.,s lo •. , 9'+ la.our• 0.25 No ••• 96-t hour• 

1l 0.20 Vo wat Bo ten ,.ao 9'+ b.ov.r, •• te•t 

I 0.10 96+ houra lo ten 0.10 lo ••n Jlo , .... 
l 

I 
o.o, 96+ hove lfo teat o.o; lo •. , No teail 

0 (hOO 96+ houra 9'+ hour• o.oo ~ ...... 96+ hOVI l ! 
! 

j0.000 lo ilea-I; Ne Wl'b 

as.coo j ~- 4 mu. 2 to ' m.tn. 

1.a.,00 6 to l2 min. lfo te,t 

1.000 lo ten 45 to 11'/ ab.. 

2.,00 6.to 1, am. 88 to 161 •• 

1.a,o Bo wtt Wo teat 

1.000 

0.5" 

0.171 

G,JOO lo , .• lo .... , 
0.150 9'+ AOVI 96+ heura 

o.ac,o lo 'len Vo , .... 
0,1,e 96+ houri Bo teat 

o.ia, lo t.1t 96+ hova 

OtlOO 96+ h.-1 lo •. , 
o.o,o 96+ h...r'I •• teat 

, . ., 96+ houri •• ,.,t 
0.000 9'+ uura 96+ hova 

' . 
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throughout the tests. the tiah {both bluegills c.d bullheads) either 

aucctm1.bed. within• fewhow-s or leu, or (in most instances) survived.the 

90-hour exposw-a. ~is result suggested that the teat solutions lost ••• 

ot their toxioity d.urlng the time internl et the testing. Sinoe a con­

stant stream of air as being toroed through the test solutions, it is 

possible that through hydl"oly•is the active toxio subetano.e wer• quiokly 

Woken d.OWll, 

A Tery 1ipifiont ohange in the degree of tolerance Qt the fishes 

•• nei.etl when. \hey were 1ubjeo'ted to the plating solutions which ha4 

\lJ:tclez-gone the alkali-ohloi"1nation. tr-.tm.ent., For th••• tests the con. 

aineii tolen.no• lilllite are e:qtl'eaaed. in teras of the original oyan.14• 

'ftlue before vu.t1um.t, For the bluegill the Um.it• were tind e.t 2501 

350, and. 17; ppm for the oopp•r, aine, and oarbvizing aolu:tions, 

r•apeoti:vel7 ('.fabl• 2). Fer the bullhnd the 1um-le'thal l1m1ta ea'ta.b• 

11ahe4 ta ooppw, sino, and O&J"'burid.ng ru:llution• were JOO, 400, an4 

125 ppa. th••• to:dolty 'Taluea bftome much more aignt.ft.ant when ex• 

presaed. in terms ot dilution. ot 'baeio plating bathe (stock mataial). 

fh• oout.1tent tole:rue• limits ot the 'bluegill fer th• three produot.a, 

copper. st.no, an.~ carbaising aolutiona, were 5,000, 7,000, t.nd. 7,000 ppm, 

reepeottvelyj tor the bullhead. the •lues, in the a.hove ord.er, were 

6,000. e.,ooo anct 9,000 PPJU• 

CempU1aon oft••• presented 1n tables land a, •howa that the 

taio w.luee tor u.oh ef t~ products••• ehange4 mat•ially by trN.t­

ment. From a low ot 8 ppa ot b&•1• atook of ooppa plating solution. 

repreaen'liing the higheat non ... lethal oonoentraision to bluegills, the value 

. •• inoreaae4 to 5,000 ppllJ by treataent tor the lino eolutioa from 8 to 

7 ,ooo ppm; and for the ouburiaing aolutiu tram 10 \o 7,000 PPJn• 

' ., t• 
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hble 2.-!he tos1•itJ' «>f treated aopper plating, aino plating anti oubviaing 

l 

1alta bathe to bluegill& and bullheade 

Oo 
Coz:uumtntia Original 
ot ••i• li!e.ON 
plating baths oontent 
b. in 

eo.ooo 4.ooo 1 to 8 E'Wh 5 to 7 min. 4.ooo· 5 t• 6 min. 5 to 20 m.ia. 

' 60,000 J,000 4to 8 mu. 6 to 7 min. 3,000 e to 9 min. 7 te 17 mu. 
40,ooo 2,000 5 to 8 min. 8 to 12 min. 2.000 9 to 11 min. 20 to 28 JU.ll• 

20,000 l,000 9 to 10 min, 11 to 26 min. 1,000 10 to 15 min, }9 'be 47 mJ.ri. 

1,,000 750 16 to 18 min. 15 to 46 min. 150 15 to 23 min, 45 •• 19 'IWl• 

i.o.ooo ;oo 160 to aoe m1n 19 to 56 min. 500 15 te 9€, hours 68 to 138 1dn 

,.ooo 450 lfo teat Xo te1t 450 16 .,96 hova 4 to 67 bov• 

8,000 400 , to~ hov• ll to 18 hour• 400 28 to 96 hour• 96+ houri 

7,000 350 5 to 96 b~t 29 to 96 hour 350 96+ hours 96+ hour, 

6,000 ,oo 22 to 96 hou,oa 96+ hOUJ"I JOO 96+ houri 96+ hour, 

5,800 . 290 ,1 to g6 hours 96+ houra 298 No teat No ten 

5.400 270 44 to 96 hours 96+ hour• 270 No test No -t•a\ 

5.,000 250 96+ hour a 96+ h.oura 150 96+ hours 96+ houra 

4,ooo 200 96+ hours 96+ houra 200 No teat Ne te,t 

000 000 96+ hours 96+ hours 000 No teat Ho teat 

"¢/' Fi.ff tbh ueed in each oonoentratioa teateti 

a,ooe 6 to 8 Dd.n. 7 to 10 ll'd.n. 

1.,00. ''to 7 min. 9 to 10 min. 

1,000 1 to 9 min.. 18 to 2() mu, 
,oo 32 ,. 51 DlUl• ~ to 29 min. 

,,o 24 '\Jo,, ma.. 49 to 57 min. 
I 

250 l) to 17 hov 16 to 96. hour• 

125 JO to 96 ho\U" 90+ hOU1'8 

200 114 to 9t> hour 96+ Jiu.)ura 

171. 96+ heurs 96+ howa 

150. 96+ ho11n 96• hours 

14; 96+ hev• lio teat 

I lJJ 96+ hours llto te•t 

l 
125 96+ hove 9'+ hova 

100 96+ hours 96+ hour■ 

000 96+ hours 96+ hours 
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81llil,VlJ't tar tlUt l»&ll.h•••, the h4n of 1od.oity ot the oep•tt pla1Jhg 

aolu'\iion ohang•cl ti'a a la of 10 to 6,000 ppD. toll"111:ag treatmu:b1 for 

th4t ,uo, fr• 10 t-o a.ooe, -· tor the O&r'b\U"iliq ••1J.n1cm, hem l!j te 

9,000 ,,.. 

It can alao M no,G4 that althngh a •ipif'iO&J1il r•4utia 1a 

1.nlo1t7 •• l>•ea •,r•••ecl. 1a w.luea tor the v•'lled produeta the n4uo­

tion 4••• aot- o•• up te a.p•e'tl.tion• on the ltta..1• of the original 

ue.11••• whioh iJl.dloe:t.o tha't •11 or at least moat of the 4eteota'blo 

oyan14e ha4 •• 4••troye4. 

In••-- ,o ••hi.,,. a••• thoreugh acleratuuling ot th• 'li•1• 

Jll.tve f#I the weaiJed. material•, tuioity- teat• 1Ml"♦ rua oa. 1:».e baaie. 

• ., .. , ,.,.ut ....... , Md alu.c•• I~-· t...« that ta• IU,W• 

., ... , .t eaeh ot the tht•• protl•t• •• ...-e ,._l• '\baa th.e 1-•1• ehek. 

Slh• oa.al#\ent tolenue llmit ••te.'bliahe4 tor th• bl•gill 1a t.,._ of 

wm •• J.,,00 tff the •ontr plating nlut;ioa, 4,000 t• thtt &iao plat•• 

au 4,000 fOI' the oarltviab.g solution. 'fh• w.lue ♦t tol•aae• •nab. 

lilkff t•the b'tallheacl ..... t.n genaal ••.-hat lower (tabl• 3)• 

,.ooo pp. bl the o♦ppel' platbg eolutta., 4,000 -in. th• ai.Ua an4 J,500 

ill tu ou'btari&iag 1olut1a. 

h-• the t1Jil4.iag 1dlat the 1U,-rmte.nt• po-1•••••• higher tosie 

w.lu.e• than the ••poai,e 1plutiou,. it waa·decl•et that the alutge 

would be l••• to~d.e • !he alutlg• t'um1t:l:tn1wd &om 15 '\o 20 peroen:t ot 

the total nlum.e, and ahoul4 ban hacl ••• importaat role la tu 

· ta:ioit,, one way or the othGI'• Sam.pl•• of aludge ••• l'ttmO"fM. ha 

•oh ot the 'thrN aelution1 by t1ltnt1oa, therougbly ••ud to••••• 

the en-tire reanal ot the aupenatant, and •ploy•tl 1a a ••F1ea -rd 

toleration w1t1. ieaulta J>l'••etecl in Table 4, 1n. oompar1aon with tu 

.. • 



fable J.-hlatiw toleranoe ot blugilla and. bullh•d.a 1lo the ••penatant tJt treatM copper. zinc and 
...,.l,vlaing •lta l,atu 

40.ooo 8 to 12 min. :Mo teat Bo te•t. •• t.at 5 to 12 min. No t•a't 

20.000 16 t• 22 mbt. 6 te 14·m1n. 28 to 47 min. 28 to47 min. ·24 to 26 min. 10 to 20m1n. 

is.ooo Bo teat No teat No t.at llo teat J8 to 62 min. No tut 

12.,000 No h•t Ho teat •• wat Be te&i. 1.; to 16 heUJ'a No t••t 

10.000 2 to 16 hour• !.a to 9S ml.a. 2 to 13 hour• 2 to 1s·nov• l'o test 2 to 4•5 houra: 

,.ooo :lo test lio test •• i.est l'o teat l to 22.s hours No test 

s.ooo Jfo teat •• teat No teat Bo teat No test No t♦at 

1.000 12 to 16 hours J'o teat No ten lfo teat 12 to 16 hours No te•t 

,.ooo lio teat lo teat No teat lo t•at a:, -96. hours Ne teat 

5.000 29 to 57 hom-a lio teat 31,.to 9t> hove J4 to 96 houra ;6 to. 90 houra No ten 

4.000 ;6 to 9' hove 28 to 51 hours 9'+ heva 96+ b.oura 96+ heur■ 4 to 18 hours 

J.500 96+ hour• t 42 to 96 hour• No t••- lo teat Bo teat 96+ hours 
' I 

,.ooo 96+ hours 
I 

96+ hours 96+ hOJ.U'a 96• hoW/'8 96+ hova 96+ hove l 000 g6+ hours 96+ hove ! 96+ hove 96• houra 96+ hows 96+ hova ! 

l 

t,' :P'iw tiah used in each concentration listed 



ta\le -..,_ifhe tone1,ty te 1-lugfila ea«· 1N1J.uua ef •lw.4ga 4w1wct tra ---'- •eppw plai;iag,. sf.M 
pla1.J.ng au· ...-bwi•in& al• •~ iegnh• •• •..-rt- of tu ~it, et &1-.li.M a1Ml 
Mlilfi.ed .1 ..... 

f••••a:tratie 
'4•1--
Ql ----. ... 

i.t.-mo 

•.-eoo 
10,,000 .... 
1.ooe 
6-.0GI 

6 t. lJ Jda •. ... ,.._ 
111-l4a1a. 

9',+ ..... 

96+ hWl'a .......... 
:.-.. 

·9'+uun 

~ ..... 

9't- Jlftn. .. _..._ 
""howl,· 
96+ .... 

9'+hcmn 

Be t.nc 

21-..41--. 

.1'··-" hollrlt 

96+ uvi-• 

9'+ NNN 

96+ ..... 
•• WA .... ._ 

·--.. t.en 

96+ ...... 

9M' ~ 7 'to 18 mt.a. -♦ be--·· ··--~ .. ..... ..... 
96+· 11 .... ' -- hour• 96+ 11o ... 

96+- .... 96+ hove 96+ ~ 

9'-· bow• 96+ hou"ll ... ..... 
•• Wfl •• ... •• --.. ~ 9'+ how•· •• --
Jfo -- '6+ --· lo --.. ... , • --· .. .-. 

96+ how• 9'+ heara 514+ hova 

.. ~' 

•• _., .. ten .. ten ··•··••if"•·· •• --•• .... 1.,f·to 2 ..... •• --
16 '-"6 ..... ' -.6;houra '48 -to,0 ... 
"" .... .. ten 9'+ ...... .. --- ,... ..... . .. ...... 
Bo wa ...... .. test 

• -- 9'+ .... 96+ hour• 

Bo __.. • teat; .. ··" ~ I 9'+ l:uarra g6+ hnn 96+ laourtl 



tiav•• ·1a fable J, •tt• -that th• alwtg• •• appreoiabl7 1••• toaio 

thaa ,he hpffll&ta:a.t. ·BNA tholl.gh -3.J wicle range toleratioa ••t• 
w•r• P•n'el"llt4, the c•a1ateat 'telerano• 11:miii 'RI •••l>liehecl at m11oh 

hlgh.•J' OOl1fflltn.tt0lla tor al~Cfl 'tlum. tor n,erutant. Bl11egill1 Wffe 

touncl to -to1•ra't• eoneh.tl'&tion1 rugiag aaewllere nweea 20.000 uct 

J.JQ,ooo ppm tor 'the thN• pro4w.ttt, an.4 the bullb.eadt 1JI. all••••• 1a 

mm••• ot eo,ooo PP•• 

:r.taer audutioa •• •4• et tho tale nat•• ot the alucl&• attu 

v•1mteat 111.,ta. aa t.t14 'butt••• lllft6P1ug male it poasil,le to ut--1a• 

.-hnher ..- not aa iaoreaae ill t•lcd:ty would. reault tT• ionisation et 

tu 1lmlg•• !eobJllqu•• ai.ll.11u to thoae praotieed in \he &&off ••P••l• 

11at were -,loye4 1n 1lwlp 1-,antlon, the aluqe waa reaoY•4 b7 

tiltntien, oaretul.17 ••he4 1...-.nl id.ae• Ulcl tha aixe4 into a h7ao. 

ohlorio aoi4 aelutien ud a11_.4 t. atan4 ,_. ao houra before •••• the 

pa•• acljuaw4 at 6.2 tw t• COPP•" plating aol,atioa,. 6.4 for th• aiao, 

P4 6,.6 tO'I! ta• oubvi1iag •lu aolvtlon. Oal.7 one apeo1•• ot fi1h 

('bl.-gil.l) •• •ployH 1a the•• t••t•• '11• r•aulta ( !able 4) indicate 

~t the a.luqe t• all "thrff pro4uote be..,.. ••:it• teai• wha 'buttffe4 

with u aeicl. fhe ooaat.nent tole.-uee lhuta w.-. 101HW'hw• lletween 

e,ooo ancl 20,000 pp•• oom.pard with 20,000 te 401000 ftluea, th• rug• 

ot telwation ta the apMiee prior to aoiditieation. 

✓ 

Treatment ot thr•• •leotroplating waatea bJ' the alkali•ohlorination 

teebnique resulted. 1D. u. appreeia'bl• reduotion in to:deity. fll.tt 'treated. 

oopper plating solution. waa found to. be 62; tin.ts• leH toxic to 'bluegill• 

and 600 t1m•• le•• ~1• to bullhada than waa a h•ogeeou p~ of the 



•trea1Je4 procblo'li,' v-.tment of tlie aino plating isolut1cm re1ulted in 

a. redueti-. in. iu.-:lei:ty ot 875 ancl 800 time• for the bluegill aad bull. 

head• r•apeoti:vel71 and tor the OU'l>vlalng ealta aolu'kion, the red.uotien 

•• oaloulat.d at 700 u.4 680 timea tor ilhe two •:t•i•• (Figure l). By 

presenting the ooll•tiw 4ata 'Ire the Rudy ill &llothd tona. 1•••• tn 

relatioa to ta• ra\ie et the dilution •t•r ued, the Haomio wlu .oan 

'be •••ily illuWat•4• for th• uaveawd. wa.at••• umel;y ••pper plating 

awl· &mo plating, the dilut:1a •t•r •••••Hl'J' -to a<t.v.ia the h1gheet non­

lethal • .. • .. •••1oa apfl"•iat•4 a n.tio ♦t 115100G p&i"'ta et •tv to 

l part of the teat produ•'• FollowiJlt.& ••••'• hoWeYer, the ratio 

lKttne 4ilutton nter ad the nate •• oona1tt••bl7 reciuoed, ...._ting 

to •ly 200 to l tor the ooppef' plati:n.g 'b&tb u.cl 14J to l tv the aiao 

plating lla'11. Fer 'tbt nrl:na•taing alt• bath• whioh tonutrly requil"ft 

a 100.000 to l dilution, the .tipre •• altffd to a 14J "8 1 ntio. 

ae.teri-rhg to the qal.J8•• o:f the untreated. ud. tr•t•4 -.tffiala, 

iw•••aHd on· page• 000 •. it 11 ditt1eult 't•· apla1a ,my ia thi• 1tud.7 ewn 

1....,. fl.1•• of -toaicd.t, wae no'i obtained tor the tr•t.td produot•• 1:inee 

the au.17••• 1ndioa•4 that th• · r..,bd.ng · r•a1dut.l -,..aid.a at no ta• 
uoe.ae4 1 pp,.. I\ ia bel1ne4 that oth•r ehemiMla, either ,ugly, 

eollNtiffly., or 1:.,y' v••P aotioa1 eoatribu't• a major po:rtioa of the re .. 

maUling toxiolt;y. ror .ample, ,otia •JU&t• {kCltO) 1• pi-eaa:t; la 

le'tbal ·-·•--•ticm., in two of the thrH plating ltatha, namel71 lino an.cl 

earburi1iag aalt•• fb.rollgh. aperimantation the writer roughly eatal>­

liahed the :max:imua telaanoe u .• 1t tor the ereek ohull (s.,.otilu1 •• ·-----
••--•ulat\11), a hariy ti•h, to ••d.ia OJIU'l&t• at 75 ppm. Aaeaing 

that the bluegill u.4 bullhead. are ••parable to the oreek ohu'b 1a 

tolerance, it cu be dacmatrat•d that a mocterate 4egree ot the toxicity' 
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tat.- treaucl product• cu 'M uocnmted tor in thi• mum.er. It ou 

N n.ote4 f.n fable I undel" t.he eolumnb-.4•4 "aine plating 'bath• that 

'tihe mla:bl• oon.oeavatiene •M•~ produoed. lethal e.tteote to the blt1•• 

gill and. 'bullheacl 'll'fl"e eata.bl1ahe4 at 7.000 and 81000 ppm, reepeetiwl7, 

pl1e4, would ooatain a rea14•l laClfO e011tct 0-t approximately 9.1 an4 

10.4 ppm., thu providing a aul>etar.t.t1al pl'oportim of the taio elenumta 

pream:i.t., . fh• kCIO ftluea in the oarbviaing bath we.r• even higher J at 

a 1d11m-. leimal o-.onwa'hioa of 7,000 ppa tor the bluegill and 9.000 ·ppia 

tor the aullhn4, the NaOllO 0011te:rl'ti nul4 •• J5 u.4 45 ppm. 

fh• JN•••• ot obl@14• (aot iaolud.94 in th•anal.7••• $uppl1N bf 

the Du PGDt C.pu.7) •7 be a eontributing fac1HP"• $odiU111. ohlorid• 

(NaCl) 1n a eonoatre.ti• ot 101800 ppm baa l»••n ahmm by Gu:rey (1916) 

to••••• 4-tll to th• paplduee4 (!:!Jail §ibl>oau,} and th• geld ti•h 

(Oua11iu aura-tu•), tt1h•1 oempanble in ltar..tb.eaa to the 'blu•gt.ll aa4 

litullltead.J uut WieN, eiJ al. (19J4) tound that 10,000 ppra ot oleium. ........... 
o.hled.4• (Gac12} •• -toxio to auattanea. Sine• it 1• mow.a that a hlgk 

chlericl• u»:twtnt (in ••••• et 100.000 ppm,) na pr♦ac'b !a th••• mater'• 

iall (li4en.ev, 19,48) it 1a only i-ea.1cma'bl• "aaa-. that th••• aalt• 

ere in part reapona1l>le tor some of the toxicity. Many et the salts, 

that the inert, •l,!-ghtly toxic sludge, ..... p08MII high toxio '98.luea 

whe aoicli.tied, it c.toee oonatitute a meaee 'When pre1ent in the oompeaite 
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