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The safe disposal of wastes containing eyunide salts has always
offered meny difficulties to the operators of slestreplaiing plants
becnuse of the toxie aaturs of thess substances to agquatiec 1ife and
the nesessity of using large amounts ¢f water for washing purposes.
When cysnide wastes are dissharged directly into a stream large volumes
of dilution water are required to render the sffluent imnceucus, and
in many instances the water supplies essential for sueh dilutions are
1imited, The plant therefore either must resort to sume other methed
of dispessl ar must run the risk of ecntaminsting publie waters. Al

though seversl msthods have been developed in the pest to eliminate
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or reduce the hasard of cyanide disposal, they have not been universally
accepted by the plating industry because of the high eost of the equipe
ment invelved or the amount of teshnisel help required to feollow sueh
praosdurea,

Sinee many of the plating plants of today are smsll establishments,
it is considered highly desirable that & method be developed which oan
be uué satisfactorily in both small end large plants, The alkali. |
ehlorination method, spensored by E, I, Pu Pent de Nemours & Cempany,
appears to be appliocable to sush operations. It consists of treatment
of plating wastes with ehlorine in the presemce of an alkaline medium,
bresking down the CN radieal through a series of chemiecal reactions
(Dobeon, 1947), and destroying the charasteristic toxie ion. HNaturally,
following the development of this methed it was necessary ﬁe; determine
the extent in reducstion of texioity, 8inece many plating wasbes even.
tually reach streams containing fish populations, it was believed that
fish should be used as experimental animals in a series of tsets aimed

at establishing an index of toxieity which would fascilitate direct cam-

parisens of the toxioity of untreated and treated wastes. A astudy of
this nature was undertaken during the winter and spring of 1946 and
1947 by the Institute for E. I. Du Pont de Nemours & Company whioch has

borne the eost of the experiments.
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The chemiocals used in these tests, supplied by Du Pont, sonsisted
of untreated and treated copper plating baths, szino plating baths, and
ocarburizing selts solution. These baths were prepared specifiscally for
the present study, at higher than normal soncentrations. The analyses
covering these plating sclutions, as supplied by Du Pont, are quoted as
followss
"A, Du Pout High Speed Copper Plating Bath

Du Pont High Speed Copper Plating Selts were mixed with

9 gallons of water in an amount guffioient to obtain a solution

with a total oyanide ocontent of 5 percent expressed as Nall.

1, Untreated -~ Two legallon portions of this solution were set
aside (NaCN sontent 5.0 perocent; pH over 13),

2. Chlorinated « The remainder of the solution (approximately
7 galloms) was trested with 20 pounds of NaOH end 16 pounds

of Gl (L9 pounds Cl, per pound ¥aCN), Properties of the

2
 final liquer were: specific gravity, 1.32 %gg; pH, 11.8;

FaCKO, none detested; available Cl_, none detected; NaON, less

gl
then 1 ppej Cu in filtrate, 1 ppmj; and Cu in sludge 12.1 pere
oent (dry basia).

B. Du Pont "Burcbrite” Zine Plating Bath

A sufficient amount of Du Pont *Durcbrite" Zine Plating Salts
was mixed with 9 gallons of water to obtain s solution with a total

oyanide sontent of 5 peroent expresaed as NaCN,
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l. Untreated = Two legallon portions of this solutiaﬁ were set
aside (HaCN eontent 5.0 percent; pH over 13).

2+ Chlorinated « The remainder of the solutiens (approximately
7 g8llons) was treated with O pounds of NaOH and 10 paund# of
’?312 (.};1 éamd: 612 per pound NaCli})s Properties of the final
liquer weres specific gravity, 1.25 (25); pH, 11.0; available
Gla, 0,02 percent; NaClNO, 0.13 péroon#'%acu, lase than 1 ppmj
gine in filtrate, 5 ppm; and zinc in sludge, 60,2 percent (dry
basis).

€. Du Pont Carburising Salt Bath

A sufficient amount of a mixture of one part Du Pont Carburize
ing 8alt to two parts Du Pont Heat Treating Salt #6 (the recommended
sterting mixture for the Du Pent Cerburising Salt Bath) was dissolved

~in 9 gallons of water to obtain a solution with a total oyanide

{eontoat of 2.5 persent expressed as Hall,

l. Untreated « Two l-gallon portions of this solution were set
sside (mm content, 2.5 percent).

2, Ohlerinated « The remainder of the solution (approximately
7 gallons) was treated with 9 pounds of NaOH and 6.5 pounds
of €1, {3.6 pounds 512 ‘per pound NaCN)., Properties of the
final liquor were: spesific gravity, 1.29 (25); pH, 11.6;
available Gla, 0.037 perecent; NaCNO, 0.5 pervent; and NalH,
less than 1 ppa.®

Test fish oconsisted of the bluegill (Lepomis macrochirus) and the

brown bullhead (Ameiurus nebulosus). The bluegills, 1-1/2 to 2-1/2 inches

in length, were seoured from Deep lake, Oaklend Cowumty, Hichigan, and
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from the Wolf lake Etwo» Pish Hatehery in Van Buren County, Michigan.
The bullheads, which ranged in length from 2 to 3+1/2 inches, were
obtained from Portage Creek, Jackson County, Michigan, and from the
Comstock Park State Fish Hatchery in Kent County, Michigan. Care was
taken in the colleetion of thess fish to seleet only healthy indivi.
dunls, |

The water used for retaining the at;oek supply of fish, for the
dilution of the plating mmterials, sand for other purposes direetly con
cerned with the study, was seowed from Fleming Creek, Washtenaw
County, Michigan, This water was considered te be representative of
normal streanm waters in which a moderate population of fishes oould
be susteined sucoessfully., The totel hardness (M. O. allmlinity) was
188 ppm. The pH averaged about 8.4, ¥o free oarbon dioxide or other
noxious gases were present,

The test equipment consisted of legallon glass jars, eaeh equipped
with & cover and an air relesse., All eonteots with the plating elamen‘kt\
were made with either glass or noneeorrosive fixtures. The solution
temperature was approximately that of the laboratory, ««e 72° F,

The test prosedure employed to determine the relative toxicity of
the plating solutions to fishes eonsisted of preparing a series of stook
solutions representing a wide range of concentration for each of the
produsts, and exposing fram 3 to 5 fishes to eaech concentration. The
test jars were supplied with 3,000 eubic centimeters of stoek solution
and the fish were retained in a given solution for & peried not exseeding
96 eonnoﬁtivo hours. At rroﬁuont intervals within this period the son-
dition of the fish was noted and if any dead were present they were

immedistely removed to prevent passible contaminatiom. DPuring the entire
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study, control jars were in constant operation and & periodic check was
made of the reserve etock of fish being retained in a holding tank within
the laboratory. The toxlioity of the plating baths was measured in terms
of the remction of fish exposed to varying soncentrations. The degree

of toxicity was evaluated in terms of the "sonsistent tolerence limit,"
an expresslion denoting the highest coneentration at whiech all of the

test animals survived & 9é.hour exposure,

Prosedure

Four groups of experiments invelving 215 individual tests were
undertasken during the study. The group tests ceonsisted of determining
the relative toxicity of (1) emch of the three untreated and treated
wastes, (2) the supernatant of the treated waste, (3) the sludge of the
treated waste, and (L) the sludge of the treated waste after undergoing
slight seidification.

The three raw plating solutienn were found to possess high toxie
valuess the consistent tolerance limit (in terms of the actual residusl
eyanide present) was O.; ppm for the bluegill and 0.5 for the bullhead
for both the cepper and since plating solutions. The toxicity of the
carburiging salts solution was found to be somewhat greater, the none
lethal limit being established at 0.25 and 0.375 ppm, respectively, for
the bluegill and the bBullhead,

Results of the toxiocity tests are best expressed in degrees of
dilution of the basic plating baths (Table 1), On this basis the values
are expressed in higher uhits than when expreseed in terms of syanide
content, The tolerance levels for the bluegill were 8, 8, and 10 ppm
in the eopper, zins, end carburizing baths, respectively, The consistent

tolerance levels for the bullhead were 10, 10, and 15 ppm, respeotively.
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Table 1.,«-The toxicity of wntreated copper plating bath, sine plating bath and

carburizing salts bath to bluegills end bullheads

oo

5 fish used in each test

. I ’ . mtaria;m used in 'bei‘l: : — , v —
Concentration | Residual Sopper _p%;:oigfab::g Residual | e Pz%;f:ge:‘;ﬁd g‘- mdﬁi lﬁarhnri;:%:z?mh:ﬁh
of basis | NaON survival time HaCN survival timeY || NaCN  survivel timeV
‘plating bathes | content Bluegill = Bullhead | content Blusgill Bullhesd || eontent “Blue Bullhead
in ppm in ppm  [Burvival bime Survival vime | in ppm | Survival time |Survival vime | in ppm [Burvival ime | Survival time
2,000 100,00 | No test No test 100,00 | 5 te 7 min, 5 %o 8 min, | 50,000 | Ho test He test
1,000 50400 |9 te 12 min, 7 to 12 min, 50,00 |5 to 7 min No test 25.000 |3 to Lmin, |2 to 6 min.
500 25,00 |6 %o Uy min. Mo test 25.00 | No test 7 to 12 min, || 12,500 |6 to 12 min. | No beat
200 10,00 |No test 16 ta 38 min, | 10,00 |8 ¢o 12 min. |No test 5,000 | No test L5 to 87 min,
100 5,00 |11 to 24 min, 3 to 5 howrs 5.00 | No test 93 to 187 min. 2,500 |6 to 15 min, | 88 to 161 min.
50 2,50 |¥o test 6 to 13 hours | 2,50 | Fo test 96 %o 139 min.|| 1.250 |HNo test Wo test
ko 2.00 [No test Vo test 2.00 | 22 to 46 min, |Ho test 1.000 | Ho test No test
20 1,00 |30 to 83 min. 31 %o 96 hours| 1.00 | 51 %o 120 min.|3 to 5 hours 0,500 |28 %o 50 min. | 31 to 96 heurs
15 0.75 Ho test Ho test 0.75 No test No test - 0.375 No test | 96+ hours
i 0.60 60 to 142 min, No test 0,60 {3 %ol; hours |38 te 96 hours 0,360 | No test | Ho test
10 0.50 |3 to 3.5 hoyrs 96+hours 0.50 | o test |96+ hours 0,250 | 96+ heurs 96+ hours
8 0440 964» hours 96+ hours 040 | 96+ hours Ko teat 04200 | No test Ko test
6 0.30 | 96+ hours No test 0.30 | 96+ hours No test 04150 | 96+ bours Fo test
5 0.25 | Ho test | 95+ hours | 0.25 | No test 96+ hours 0,185 | No test 96+ hours
i 0.20 | Ho teat Ho test 0,20 | 96+ houﬁ No ﬁqst 0,100 | 96+ hours No teat
2 0.10 g6+ hours Ho test 0.10 No test ¥o test 0,050 96+ hours No test
1 009 96+ hours Ho test 0.05 Ho test No test 0,025 96+ hours No test
0 0,00 | 96+ hours 96+ hours 0,00 | 96+ hours 96+ hours 0,000 | 96+ hours 96+ hours
4
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Throughout the tests, the fish (both bluegills and bullheads) either
suceumbed within & few hours or less, or (in most instances) survived the
9behour exposure., This result suggested that the test solutions lost some
of their toxieity during the time interval of the testing., Binsce a cone-
stant stream of air was being forced through the test solutions, it is -
possible that through hydrolysis the activs toxio substances were guiskly
broken down, |
A very significant change in the degree of tolerance of the fishes
was noted when they were subjeoted to the plating solutions which had
undergone the alkali-shlorination treatment. For these tests the cone
sistent toleransce limite are ixpnsnd in terms of the original cyanide
velue before treatmemt, Fer the bluegill the limite were fixed at 250,
350, and 175 ppm for the copper, iine, end earburising solutions,
respectively (Table 2), For the bullhead the non-lethal limite eataba
lished for vopper, sine, and carburizing solutions were 300, L0O, and
225 ppm. Thess toxielty values beoome much more significant whem ex-
pressed in terms of dilution of basic plating baths (stock material).
The consistent tolerance limits of the bluegill fer the three products,
copper, zine, and carburizing solutions, were 5,000, 7,000, and 7,000 ppm,
respeotively; for the bullhead ths walues, in the above order, were
6,000, 8,000 and 9,000 ppm.

Cemperison of the data presented in Tables )l and 2, shows that the
toxic values for each of the products were changed m.tasrinllyA by treate
ment. From a low of 8 ppm of basie stock of copper plating solution
representing the hig_helt nonelethal soncentration to dbluegills, the value
_was increased teo 5,000 ppm; by treatment for the zino solution fram 8 te

7,000 ppm; and for the carburising solution froem 10 %o 7,000 ppm.



Table 2,«=The toxicity of treated copper plating, sine plating and earburiszing

salts baths to bluegills and bullheads

5= .

- v Materials used in test
Copper plating bath Zine plat bath . Carburizing S&1ts Death
Concentration | Original >pecies gnd 3 Original pneia? and igina’ﬁ : Ty
of basie HaCW _ survival time NaCN survival tim NaCN survival tia
pleting baths | oontent | Bluegill — Bullhead content Bluegill | Bullhead content | Blueglll Bul lhead
in ppm in ppm [ Survival time | Survival timo | in ppm [ Burvivel time |Burvival time | in ppe | BSurvivel time | Survivel time
80,000 15,000 |7 te B nin, |5 to 7 min, L,000 5% 6 min, S ﬁo 20 min. | 2,000 6 to 8min, |7 to 10 min.
60,000 3,000 |htoBmin. |6to7min. | 3,000 |Bto9min, |7 %o 1T min, {1,500 | § %o 7 min. |9 %o 10 min,
40,000 2,000 5 to 8 min, vB to 12 nin, 2,000 9 to 11 min. |20 to 28 min. | 1 000 7 o 9 min, 18 to 20 min,
29;0@0 1,000 9 to 10 min, | 11 to 26 min, | 1,000 10 to 15 min, |39 to 47 min,. 500 32 to 51 min. | 23 to 29 min.
15,000 750 | 16 o 18 min. |15 to LS min. | 750 | 15 to 23 min, |L5 %o 69 min. | 350 | 2i %o 63 min. | L9 to 57 min,
10,000 500 160 to 208 minJ 19 to 56 min, 500 15 to 95 hours| 68 to 138 ning% 250 | 13 to 17 hours| 16 to 96 hours
9,000 450 | No test No test Lso 16 %0 96 hoursil, to 67 hours| o5 | 30 to 96 hours| 96+ howrs
8,000 400 3 to 96 hours]| 11 to 18 hoursl 40O 28 to 96 hours| 96+ hours 200 | Lk t§ 96 hmzr] 96+ hours
7. 350 5 to 96 hours | 29 to 96 hoursl 350 gb+ hours 96+ hbﬁr: 175 96+ hours 96+ hours
6.000 300 |22 to 96 hours | 96+ hours 300 96+ hours 96+ hours 150 | 96+ hours 96+ hours
5.890 - 890 31 to 96 hours| 96+ hours 290 Ho test No test ‘ 15 96+'haurc o test
'5.1.00 270 Ll to 96 hours| 96+ hours 270 No test No test 135 | 96+ howrs No test
5,000 250 96+ héurs 96+ hours 250 96+ hours 66+ hours 125 96+ hours 96+ hours
4,000 200 ' 96+ hours 96+ hours .200 No test No test 100 96+ hours 96+ hours
000 000 96+ hours 96+ hours 000 No test No test 000 96+ hours 66+ hours
i .
Y

Five fish used in each conecentration tested
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8imilarly, tcﬁ the bullhead, the index of toxieity of the copper plabing
solution changed from a low of 10 to 6,000 ppm following treatment; for
the sinec, from 10 to 8,000; and for the carburicing solutien, from 15 to
9,000 ppm.

 I% oan also be noted that although & significant reduction in
toxicity has been expressed in wvalues for the treated products the reduce
tion does not ocome up to expestations on the basis of the original
analyses which indieated that all or at least most of the detectable
eyanide had been destroyed.

In order to achieve & more thorough underatanding of the toxie
nature of the treated materials, toxicity tests were run on the basie
component parts: ewpernatant and sludge, It was found that the supers
natant of each of the thres produots was more toxis than the basis stook,
The sonsistent tolerance limit established for the bluegill in terms of
ppm was 3,500 for the copper plating solutien, h.amlfar the zine plate,
and L,000 fer the sarburising solution. The values of toleranse estab. |
lished for the bullhesd were in general samewhat lower (Table 3):

3,000 ppm in the copper plating solutiom, 4,000 in the sine, and 3,500
in the carbwrising solutien.

From the finding that the supernatants possessed higher toxie
values than the semposite _,,;oiuticnu,f it was’ deduced that the sludge
would be Iaa; toxie. v‘tho sludge oanstituted froem 15 to 20 percent eof
the total volume, and should have had some important role in the
 toxioity, one way or the other. Samples of sludge were removed from
each of the three solutions by filtratien, thoroughly washed teo assure
the entire removal of the supernatant, and employed in a series of

toleration tests, Results presented in Table L, in ccmparison with the
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X Table j.~-Belative tolerance of bluegills and bullheads to the supernatant of trsated copper, zinc and
earburizing salts baths

Matorials used in 'kutc
| Copper plating beth ﬁim piatin Carburizing salts bath
gpec%n and Bpeeles an Species and
Concentration - survivel tﬁ_ggV e survival timt%/ . Survival t
of supernatant |  Bluegill Bullhead Bluegill Bullhead Bluegill Bullhead
liquor in prm [ Survival time Survivel time Survivel time §mi~ml time | BSurvival time Survivel time
440,000 8 to 12 min. No test | Yo test Ho test 5 to 12 min. Ko teet »
20,000 16 to 22 min. | 6 to 1l min, 28 to 47 min. | 26 o 47 min. | 2l to 26 min. | 10 %o 20 min.
15,000 No test No test No test Ho test 38 to 62 min. No test
12,000 No test No test No test Ho test 1.5 %o 16 hours | No test
10,000 2 to 16 hours L2 %o 95 min. 2 to 18 hours 2 to 18 hours No test 2 to Liu5 hours
9,000 No test No test No test | No test 1 to 22.5 hours | No test
8,000 Ho test No test No test No test No test ¥o test
7,000 12 %o 16 hours Yo test No test No test 12 %o 16 hours No test
6,000 No test No test No test Ho test 27 to 96 hours | No test
5,000 29 to 57 hours | No test 3l te 96 hours | 3l to 96 hours| 36 to 96 hours | Ho test
L,000 36 to 96 hours | 28 to 51 hours 96+ hours g6+ hours 96+ hours L to 18 hours
3,500 96+ hours L2 to 96 hours Ho test Ho test Ho test 96+ hours
3,000 96+ hours g6+ hours 96+ hours 96+ hours 96+ hours 96+ hours
000 96+ hours 96+ hours 96+ hours 96+ hours 96+ hours 96+ hours

Five fizh used in esch concentration listed
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Table L.=-The toxieity to bluegills and bullheads of sludges derived from treamted cepper plating, zins

plating and earburizing salts baths, tegether with somparison of the toxieity of alksline and
acidified sludges.

Materials used in tests

~ ' KlEaiine sludge solution, pH 11,0 €e 11.6 T %s1d sludge sglutlen, %o 6.5
14%@ lst‘izg bath ine plat 1 » &r‘burislngr u},ts beth | Cepper plat- Zine plat~ | Carburising
peciea and o “Bpecies and \}/ || ing bath bath » salts bath
Coneentration ____ survival time® _ ____survival time _ sm'vinl tina& _ .iu and_survival time %z ‘
of sludge Bii ﬁi ) Bul lhead — Biuegill | Pullhead — Bluegill “Bullbead _ Blueg fii [ Bluegill m%xi ,
in ppm : C time Survivel time Suryival time %m tina urvival time Survivel tinme val time ﬁminl time “Burvival time

80,000 6 to 13 min. 96+ hours 21 to L8 min. | 96+ hours 7 to 16 min. 9%+ hours - Yo tut. ¥o tost No test

60,000 | o test No test 16 to 96 hours | Fo test No test No test I} o test Wo test No test

110,000 11 to 2 min. | 96+ hours 96+ hours 96+ hours 3 to 96 hours | 96+ hours | o test 1.5 to 2 hours | Fo test

20,000 96+ hours 96+ hours 96+ hours 96+ hours 96+ hours 96+ hours S 16 to 96 hours 3 te 65 hours 40 to 90 min,

| | { . .

10,000 1 96+ hours o6+ hours 96+ hours 96+ hours g6+ hours 96+ hours '| 96+ hours Ho test 96+ hours
8,000 o test No test No test No test Fo test o test | ¥o test 96+ hours o test
7,800 96+ hours Ho test Fo teat Ho test 96+ hours No test | Ho test No test No test

. B {
6,000 Ho test No test Ho test No test 96+ heurs Ho test Tl Ho test 96+ hours 96+ hours
ks, 000 96+ hours Ho teat o teat o test Ko test o test || %o test o test Ho test
000 96+ hours 96+ hours 96+ hours 96+ hours 96+ hours 96+ hours “{! 96+ hours 96+ hours 96+ hours
-+

1
\fthree fish used in each concentration tested

et e
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figures in Table 3, show that the sludge was apprecisbly leass toxio
than the supermstant., Even though only wide range toleration tests
were performed, the consistent tolerance limit was established at much
higher consentrations for sludge than for supernatant, Bluegills werse
found teltolorute soncentrations ranging namc:h@rc hutunaabee,ﬁﬂﬁ and
L0,000 ppm for the three products, and the bullheads in all cases in
excess of 80,000 ppm.

Further ax:miaition wags made of the toxie nature of the uindgo after
treatment with sn seid buffer, Buffering made it possible to determine
whether or not an inereess in toxicity would result fram ienization of
the sludge. ?u#hniquei similer to those pénetiaod in the above experiw
ment were smployed in sludge ssparation: the sludge was removed by |
filtration, earefully washed iavarll times and then mixed into a hydré-
ohlorie asid selntien and allowed to stand for 20 hours before use. The
pH was adjusted nt 6.2 for the copper plating solution, 6.l for the xins,
and 6.6 for the earburising salts solution. Only one spesies of fish
(hlnégill) was employed in these tests, The results (Table L) indicate
that the sludge for all three products became mors toxie when buffered
with an aold. The consistent toleranee limits were somewhere between
8,000 and 20,000 ppm a&s compared with 20,000 to L,0,000 values, the renge

of toleration for the speciss prior to soidifiocation.

Discussion and suwmary
Treatment of three eleotroplating wastes by the alkmli-ohlorination
technique resulted in an appreciable reduction in toxieity. The treated
eopper plating solution was found to be 625 timse less toxis to bluegills

and 600 times less toxie to bullheads than was a homogeneous part of the
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untreated produst; tremtment of the zine plating aclution reasulted in
s redustion in toxicity of 875 and 800 times for the blusgill and bulle
head, respectively; and for the carburlzing salts solution, the reductien
was oaloulated at 700 and 600 times for the two speeies (Figure 1). By
presenting the collective data fram the study in another form, 1.0.; in
relation to the ratic of the dilution water used, the socnomic value ean
be easily iiluatratoé. For the untreated wastes, namely copper plating
and zine plating, the dilution water necessary te attain the higheet none
lethal ooncentration appreximated a ratio of 125,000 parte of water to
1 part of the test product., Following trestment, hewever, the ratie
betwaen dilution water and the waste was considerably reduced, amounting -
to enly 200 to 1 for the oopper plating bath and 143 to 1 for the zine
plating bath, For the carburizing salts bath, which formerly required
" a 100,000 to 1 dilution, the figure was altered vs a L3 %o 1 ratio.
Referring to the smalyses of the untreated and treated materials,
pnunﬁad on pages 000, it is difficult te explain why in thii study even
lower values of femioity were not obbained for the treated products;, since
the analyses indicated that the remaining residual eyanide at no time
exceeded 1 ppm. It is believed that other chemiecals, either singly,
solleetively, or by group aetion, contribute a major portion of the re.
maining toxicity, For example, sodium eyanate (NaCNO) is present in
lethal coneentrations in two of the three plating baths, namely: zine and
earburising salts. Through experimentation the writer roughly estabe
1ished the maximum tolerance limit for the oreek ohub (Semotilus 8«

stromsgulatus), a hardy fish, to sodium oyanate at 75 ppm. Assuming

that the bluegill and bullhead are comparable to the oreek chub in

tolerance, it can be demonstrated that a moderate degree of the toxicity
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in the treated products can be ascounted for in this manner, It esn

be noted in Table 2 under the column headed "zinoc plating bath" that

the minimum concentrations whioh produced lethal effects to the bluee

gill snd bullhead were established at 7,000 and §,000 ppm, respectively,
of basio stock. These comoentrations, secording to the analyses sup-
pliia, would contain a residusl HaCNO sontent of sppreximetely 9.1 and
10.4 ppm, thus providing a substantisl proportion of the toxis elements
present, The NalClNQ values in the earburising bath were even higher; at

a minimum lethal concentration of 7,000 ppm for the bluegill and 9,000 ppm
for the bullhead, the NaCNO sontent would be 35 and L5 ppm.

The prssenee of chloride (not included in the analyses supplied by
the Du Pent Company) may be & contributing factor. Sodium ehloride |
(NaCl) in a coneentration of 10,000 ppm has been shown by Gerrey (1916)
to osuse demth to the pumpkinseed (Lepomis Egibbosus) and the geld fish

(Carassius suratus), fishes camparable in hardiness to the bluegill and

bullhead; and Wiebe, et al. (1934) found that 10,000 ppm of oalcium
ohleride (CaCly) was toxic to sunfishes. Since it is known that a high
chloride sontent (in exsess of 100,000 ppm) was present in these materw
inles (Ridenour, 1948) it is enly ressonable t# sssume that these salts
are in part responsible for some of the toxioity., Many of the salts,
being insoluble or omly slightly soluble, undoubtedly were precipitated
gut in the asludge. However, asince it was demonstrated in this study
that the inert, slightly toxie sludge does possess high toxic values
when acidified, it does constitute a monace when present in ths camposite

treated plating haths;
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