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STATEMENT OF THE PROBLEM

The primary objectlve of this study 1s to determine
the feasitility of the use of lime-sulphur in the treatment
of cyanide waste to destroy the toxlcity or lethal effect of
this industrial sewa_ge as it presents itself in the manufac-
ture of case hardened steels and in electro-plating processes.
It is the writer's belief that a more satisfactory
method of treatment of this waste can be found. The present
methoGés of treatment precsent problems which constitute a hazard

either to the safety of individuals or from some other standpoint.

SURVEY OF THE LITERATURE

Various salts of cyanide, chiefly sodium and potassium,
are used in the electro-plating industries for the plating of
copper, zinc, nickle, chromium and otner metals. The washings
from these plated parts manufactured for every day needs con-
taln cyanides in varying concentrations and, hence, create a
problem of disposal in a safe and satisfactory manner.

Cyanides are very poisonous and when discharged into
streams as a method of disposal create a menace not only to
fish and other aquatic 1life, but to ~attle and other animals
which mey frequent the stream., Also there is alwavs the pos-
sibility of humans' coming in contact with a stream so polluted.

The Toxie Actinn of Cvanides

The toxic action of the cyanides is exerted physiolozically

to reduce or entirely eliminate the utilization of oxygen.(l)



This may bes presented better by observiny Profecsor Andrews
Karsten's, of South Dakota State School of lMines, experiments

()

on the effects of cyanide on trout. He states thzt he believes
the action of the cysnide was through the blood by the formstion
of cyano-hemoglobin and points out thzt perhaps the hemoglotin
has a8 marked affinits for cyanide. Hence, the blood cerried
cyznide rather than oxyzen to parte of the body which require
oxygen., He observed tzaot fish killed by cyanide had extrenmely
red gills.

£)

Medical handbooks bear out his theory. The centrel nervous
system is first stimulated and then devressed anil finzlly parzlyzed.
Trhe stimulation is espescially marked in the medulla, so that the
respiratory center, vesomotor, vegal centers are stimulated, re-
sulting in an acceleration of the resoiration, constriction of
the blood vessels, and slowing of the heart. The blood nressure
rises on account of vssoconstriction in spite of the slowing of
the heart, but soon falls on account of vasodilation. The respira-
tions are st first accelerated as stated before, but soon beconme
slowed and shallow., Coma follows quickly, sometimes preceded by
convulsions; death beinz cdue to asphyxia. Hydrocyanic scid enters
the blood very rapidly and, while in the circulation, profoundly
affects metabolism so that the tiscues lose their power of absorb-

ng oxyzgen. Contrzry to previous belief it does not fix oxyrgen
more firmly to the hemoglobin, but forms cyanohemoglobin which dif-
fers from ordinary hemozlobin in its bright red color, and which is
responsible for the bright red color of the blood.

4)

M. M. Ellis( of the United States Department of Comnerce,
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Bureau of Fisherles, report=d in his work thst

1. Ammonium ferrocyanide of 150-°70 p.o.m. killed
oranze spotted sunfish in one hour.

2. Ammonium thiocyanate 200 p.o.m. was lethal to
fish.

3. Potassium cysnide of 0.1 to 0.3 p.r.m. in hard
water killed gold fish in 3-4 deys.

4. Potassium ferricyanide of 2000 p.p.m. was not
lethel to minnows and gold fish.

5. Potassium ferrocyanide of 2000 p.n.m. was not
lethal to minnows and gold fish.

Viashinzs from plating rooms will very as to the tyve of

pleting process and as to the mena

=
=

erent of the plant, tut in
zeneral they vwill run between Z200-5230 p.n.m. of cyanide. Care
should be tasxen that no vats are dumped during the process of
cleaning, but rather that the contents should be transferred to
another vat or tank., With good cooperation of the emplovees
there is no reasson why concentrsted cyanide should enter any
sewer or stream.

Pisposal by Dilution

Present methoids of disposal of cyanide waste are, in the
writer's opinion, none too satisfactory. Dilution by discharge

great care

o

into streems is an easy method of disposal, however,
should be teken thet the dilution is sufficient to reduce thae
cyanide content below thiat letnal to fish and other aguatic 1life.
For averasge platinz room wsete this should be abont one part in

two to three million. Care should be tsken to introduce the waste

]



evenly over the stream so thzt areas of high concentration of
cvanide do not pass down streem. At kest this is a poor method
of disposal sand sﬁould be resorted to only in ceses of sccident
when no other method can be uced.

Pondinc of the Vaste

Ponding the waste 1s a frequent practice of meny factories.
The ponds are made by throwing up an earth dyke about an area of
land forming a retention basis for the waste. It is good practice
to fence these ponds in and put up warning sizns to the public.
The use of ponds is unsatisfactory in that wells in the vicinity
may become contaminated by seepage or children may come in direct
contact with the waste. The cyanide content of waste treated in
this manner will entirely disappear over a period of time if no
new waste is added., Several factors effect the rate of reduction
of the cyanide. Rain or dilation, seepage, temperature and chemi-
cal action with the elements all tend to aid this cause. No def-
inite time 1imit can be placed as to complete removal of the toxic
substances since the above mentioned factors a1l enter into the
destruction of the cyanide. Before a pond of waste is drained,
selec£ed samples should be collected end tested for cyanide.
While this method of treatient is rated as a better means of
cyanlde waste disposal than dischsrgze direct to the stream, it is
none too good and should be resorted to only in case other methods
are not available.

Reactions of Cvanides

Listed below are some reactions of the cyanides and perhaps

explain the elimination of cyanides by ponding.
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An agueous solution of the cysnides is unstable and
hydrolysis tckes place with the production of ammonia, thus:
CN + HoO —> HCOOK + NHz
The cyanicdes are oxidized by oxyzen of the air and
cyanates are produced. Tuese in turn sre hydrolized in water
solution to produce ammonia and an acld carbonate.
KOCN + HoO —> NHz + KHCOz
The cyasnides are decomposed by cerbon dioxide with the
production of HCN a soluble end volatile gas which is gradually
evolved in air.
KCN + HoCO0z — HCN + KHCOz

Acid Trestment

Two recent methods developed in the last ten years have
proved quite succegsful in the destruction and removal of the
cyanide in plating room waste.

When cyanides come in contact with acids, hydrogen cyanide
or hydrocyamic acid is formed which is extremely volatile and
csn be removed from the waste by bubtbling air through thé waste.
The success of the treatment depends on the acid concentration
required, the period of aeration, the completeness of cyanide re-
moval and the toxicity of the remaining waste.

In this process the plating room wastes are collectad in
an acid resisting tenk end the correct amount of sulphuric acid
in excess of 10% besed on the p.p.m. potzssium cvanlde and alkal-
inity of solution is added. The conterts of the tank are aerated
for ten to sixteen hours, depending on the concentration of potss-
sium cyanide, to remove the hydrocyanic acid gas. Important

factors to watch in this treatment as observed by E. F. Eldridge(l)



are as follovis:

1.

In czlculeting the correct amount of acid to use for
neutralizing the potassium cyanide, the natural slkal-
inity of the water must be neutrszlized. Hence a test
to deternine the alkslinity in terms of cslcium carbon-
ate must be run and the necessery auonunt of sulghuric
acid to react with it is calculated and aided to amount
necesgary for the potzssium cryznide treatrent.
Fxperiments have shovn that 10% more acid should be
used than 1is theoretically needed in the rezetion to
obtesin best results.

The pH of the solution during treatment should never

be hisher than hetreen 5 and 6 end mey be lower for
complete removal of the cyenides,

thout 7.5 cubic feet of eir is required per zsllon of
wraste treated ond should be adrittad to solution throuzh

diffuser

v

l2tes placed in bottom of the tank. They
should heve &n area of ebout one quarter of the area of
the tank.

A steck of not less than 40 feet in heisht and an air-
tight hood should be attached to the top of the tank
throuzgh which a forced air fan blows the hydrocyanic

acid gas into the 2ir. The zes is very toxic to humans
and utmost care should be observed at €1l times to handle
this method of treatment in a safe wey. It is this
reason alone (safety) that marks this type of treatment

as being not too sstisfactory.



Potscesinm Permrrnrannte Treztrment

Oxidation of the cyenides with potassium permengane+e(1)
is the other method of meore recent trestment. This reaction
vill occur in eitlier 2 neutrasl or elkaline solution and is as
follows:

ZECN + PKlin0y + ZH0 — 2Mn(OH)4 + EXOCN
Sufficient time must te zllorned for the cornlete reaction to
teke plece; ususlly tvelve to sixteen nours are necessary.

By equation 1.€2 parts by weight of KiMnOyg are reauired to
exactly oxidize the one psrt of XCN or its ecuivelent.

In this process, as in the lstter, the wastes are drawn
to a holding tsnk vhich shouls be esuipped with a sludse hopper
and drawn-cff valve. They ere trested with the cclculezted
quantity of KinO4. Thorough mixing for zhout thirty minutes
by use of diffused air pletes follored with a settlinz period
of fifteen hcurs comoletes the trestment. At the end cof this
period the clear supernatent licuid should be dilutea one to
one and then mey bte drained to the sewer or to the stream. The
sludgze, elthoush not toxic in concentrations betveen 600 to
1000 p.p.m., will kill fish atove thzt. Hence 1t protebly would
be best to build a2 small sludge drying bed for sludge Cisposal
elthough smell smounts of the sludge added to & s*reem with a
liberal flow would probably not cauce any trouble.

A study on the treetment of 10,000 gallons of cyanide waste
of 1C0 p.p.m. was made to determine the cost of the sbove methods.
Usinz the acid trectment, the cost was $2.04, and using XKinOg,

the cost was £2.15. This included treatment of the elkalinity



of the weter a«nd eerating cost.

, 1 .
A further study bty Elaridge( )proved conclusively that
the addition of cysnide to sewage sludze greeatly inhibits its
direstion, hence elimineting the possitle use of municipal

sewage trestment plents ss a satisfactory methcd of disposal

of cyanide waste,

EXPFLINTYTAL TORZ

The aim of tiils work vas to determine vhether or not
if potaesium cyanide were trerted »ith a solution of lime-
sulphur the toxic effects of the crenide would te destroyed.

Potassium cysnide, vsed, was obtuined from the Olcs
Motor Vorks and contsinasd 955 KCN by analysis. The comucreial
lime~gulphur purchased from Cerrier-Stephens Chemical Co.
showe2 an enzlysis as follows:

Baure - 232° =t 15°C.

Sulphur - 24%

/

Calcium polysulphide - Z0.0%
Celeiun thiosulphete = 1.F%
Water and other inert ingrecients - 58.5%
Lime and sulphur in solution - 21.5%
One of the first problens presenting itself in this work
wes the method of testing or checkinz the results of ireatment.

The first method used was a colorimetric test as follcws:

Peterrmingtion of Cvenides in Vator

Soluticns:
(1) Acetore containing 4 srams of free sulphur pver 100 cc.

(2) Concertreted nitric acid.

@



(3) Ferric nitrcie soluticn contrining 5 crers ferric
nitrate per 109 cc.

(4) Perizenent color standnris from potassium chloroplatin-
ate (a) and cobaltus chlorile (b).

(a) Dissolve 0.4 _rem of rotrcsium ckloropletinote in
s emell amourt of water, add F0 cc concentrated HC1 and dilute
to exectly 100 cc with distilled water,

(b) Discolve 4.8 :rers cobzl+ue chloride (CCC1 .fH 0)
in a smell amount of distilled water, sdd ?0 cc of concentr=ted
HC1l and mske up to exesctly 100 cec.

Add the evact amounts of (&) snd (b) as siven in the fol-

loving tzble to 100cc. Nessler tubtes end meke un to the merk.

CN (a) (v)
pP.p.m. cc cc
0.8 4.5 1.0
1.0 6.0 1.€
2.0 12.5 Z.8
3.0 15.2 8.0
4.0 24.5 10.0
5.0 38.0 12.5
Procedure:

(1) To about 110 cc of the sample to be tested in a bezker
2dd 2cc of tne acetone 2nd sulphur mixture. (Be sure to shzke
the mixture thorourhly so that the suifur is vell mrixed with the
acetone btefore sddinz it to tne sarple., Then add it aquickly
before the sulfur hes time to settle.)

() Heat the solution to boiling. Boil zently until cloudi-
ness disappeers. Should tre cloudiness reeppeer unon cooling,

heat until it does disanpear perrnenently.



(2) %hen cool, add 1 cc of concentrated nitric acid &nd
3 cc of ferric nitrate solution.

(4) Filter into a Nessler tube to the 130 cc marx and
counpare the color with the permanent standerds prepered abtove.

This test feiled to check results because it depends upon
the combination of the free sulphur wita KCN to form potascium
thiocyanate. Upon addition of Pe(NO3)5, it forms ferric thio-
cyanate which gives the characteristic red color. However, in
the treatment with lime-sulphur this reaction has already tsken
place and the red coloration is obtained even though no cyanide
as such is present.

The stancdard silver nitrate test was next attempted. Com-
plete procedure for this test may be found on prge 14 of "Anslysis
of Viater e&nd Sewage" by Theroux, Fldridge and lallmann. This
test is given for chlorides but may be used for cysnides as well.
The test also feiled because a silver sulphide precipiteste is
formed from the excess lLime-sulphur &nd interferes with the test.

Since chemical tests cannot be used, it was decicded et
this time to use goldficsh as a check on the treatment by placing
them in treated solutions to determine if the toxicity had been
destroyed. All tests completed in the labtoratory were checked
by zold fish and the table vhich follows shows the coll=cted

datas



TABLE NO. 1

Fish Test with Treated Cvanide Solution

11

No. of| Concentration | c.c. Dilution Amount Time of fish
Test of KCN used of used to die
Lime-sulphur in minutes
1 - - - - .01 of 1% 1000cc 57
s - - - - +01 of 1% 1000cc 1495
3 10.2 p.p.m. 1000cc none none Died during night
4 10.2 Pupattic 1000cc | .01 of 1% 25ce " n n
5 10.2 p.p.m. 1000cc .01 of 1% S0cc 1500, apparently OK
6 10.2 p.p.m. |1000cc | .01 of 1% 50cc Died after 24 hrs.
7 10.2 p.p.m. |1000ce 01 of' 1% 150ce Died after 48 hrs.
8 100.0 p.p.m. {1000cec ool 1% none 45
9 100.0 p.p.m. |1000cc 1 of 1% 25cce 80
10 100.0 p.p.m. |1000cc o1 of 1% 50cc 30
Ll 100.0 p.p.m. |1000cc ok-OF 1% 75ce 105
12 100.0 p.p.m. |1000cc o none 90
13 | 100.0 p.p.m. (1000cc | .1 of 1% & 110
14 100.0 p.p.m. |1000cc B - ol - - 115
15 100.0 p.p.m. |1000cc oL of X% Thcce 65
16 100.0 p.p.m. {1000cc .1 of 1% 100cc 65
17 100.0 p.p.m. |1000cc o of 1¥ 125cce 65
18 | 100.0 p.p.m. [1000cc | .1 of 1% 150ce 65
19 100.0 p.p.m. {1000cc |..01 of 1% 50cc 20
20 100.0 p.p.m. 1000cc | .01 of 1% 100cec 15
21 100.0 p.p.m. |1000cc | .01 of 1% 150cc 15

Test number one was a blank test run on a .01% of lime-sulphur

solution to determine if it were toxic itself to fish 1life. The dilu-

tion wes made from distilled water because tap water causes precipita-

tion of sulphur.

This gold fish 1lived 57 minutes in this solution,

however, death was undoubtedly due to lack of dissolved oxygen in

the solution. Test number two follows exactly the same steps as number

one except that the solution was serated.

In this solution the



gold fish 1lived 25 hours with no ill effects. Temperctures of
the aquarium and lime-sulphur solution were cnecxed and found

to be 66°F end 65°F, respectively. This was done to prevent

any shock to the golc fish upon teing trensferred from one
soiution to enother. At the end of thls test a very fine 1licht-
colored, trownish precipitste had formed. A small amcunt col-
lected in & test tube and trested with stendard silver nitrate

z that sore

e
ja}

cgve z heavy brownil nlack precipitste indicat
cev ¥ b sh black precipitste indicat

1. ®

form of s sulphide had been produced, possibly caleiunm sulphide.
Tests nuibers 3, 4, and 5 were run es follows: Test
number 3 conteined one liter of 10.2 p.p.m. of KCX. No lime-
sulphur soiution vas adced. The solution was aeratedrfrom the
bezinning of the exreriment (10:90 a.m.) for five hours. The
gold fish was wpparently in sood shage at £:00 p.m.; however,
it died during the nicht., Test nurbter 4 conteained one liter of
10.2 p.p.m. of KCN and was treated with £5cc of 0.01% lime-
sulphur solution. Air was likewise bubbled throurh this solu-
tion for five hours. The gold fish also wes in epparent zood
health at 6:00 p.r. but died during the night. Test number §
contzined one liter of 10.2 p.p.n. KCN and wss trested with
50ce of 0.01% lime-sulphur solution. This mixture wns zerated
for five hours as in tests 3 and 4. This gold fish lived for
25 hours or 1800 mirutes end exnibited no i1l effects from the
treatment, hence was ezssumed to be in zood health. However,
24 hours later this gold fich which kad been ploeed in frash

aerated tap water wss dead.

It may bte well to explain here that sll solutions of

12



both lime-sulphur and potassium cyanicde were made from distilled
water., Aeration enployed wss for the nurpcose of building up
the dissolved oxygen supply in the solution.

Tests nurbers 6 and 7 were run to cheeck the results found
in nunber 5. Test number 6 containecd one liter of 10.2 p.p.mw.
KCN and SOcc of lime-sulphur solution. The gold fish in this
solution died between %6 and 48 lionrs after start of the trest-
ment. Aeration was contlnuous. Test number 7 contsined one
liter of 10.2 p.p.m. KCN and 150 cc of .0l of 1% lime-sulphur
solution end wes continuously aerated, The zold fish lived
in this solution tetween 48 ané 60 hours. This check indicated
possibilities of treatment even thoush the fish had died, perhaps
due to some other outside fzctor which wes not under control.

With this thought in mind from past results a further
chieck wes desgirous. Hence, new cgolutlions of potassium cysnide
vere made up of 100 p.p.m. concentration. Tt was believed thet
since the KCN concentration had been made ten times stroncer
that likewise the concentrztion of the lime-sulphur solution
should be increased to 0.1%.

Test number 8 contained one liter of 100 p.p.m. KCN sol-
ution snd was run as a blank. The gold fish lived 45 minutes.
Teet number 9 contzined one liter of 100 p.g.n. KCN and 25cc

of 0.1 of 1% lime-sulphur tolution. ThHe zold fish lived 80 min.

in this solution. Test number 10 conteined one liter of 100 p.p.m.

KCN end 50cc of 0.1 of 1% lime-sulphur solution. The zold fish
lived 90 minutes in this solution. Test numter 11 conteined one

liter 100 p.p.m. KCN and 75 cc of 0.1 of 1% lime-sulphur solution



The gold fish lived 105 minutes in this solution. The last four
fish, 8, 9, 10 and 11 were all aerated continuonsly until the
fish had died. Althouch the fish lived over an hour in these
solutions es treated, they all exhibited very marked evidences

of the toxicity of the solution. About one-half hour 2fter being

placed in these treated synthetic wastes, the gold fish reced

Qs

around in the tank, coming to the surfzce, often gulninz eir 2an
even jumping from the water. They seemed to lack a sense of bal-
ance and were often observed swimming on thelr sides or back. In
ebtout 15 or 20 minutes more tne fish hsd quieted down considerably,
beconing very lackadaisical. The fish seemed to lack strength to’
swim end often sank to the bottom. Tne zgills became very red and

a reddish band had developed completely around the body of the

gold fish at the point where the gills are attached to the body.

Tests number 12, 13 and 14 were run with the previous
solutions used in tests number 9, 10, and 11. No additional
treatment was used except to serate the solution continuously.
Tr.ese three experiments were run to check the poscibilities of a
delayed effect of treatment. Results from these tests were as
follows: The fish in test 12 died in 90 minutes, in number 13,
110 minutes and in number 14, 115 minutes. This seems to prove
beyond any doubt that there was no delayed action.

To check further with these higher concentrations of btoth
potessium cyanide end lime-sulphur solutions, a series of four
more tests were run with increased amounts of lime-sulphur
solution of 0.1% added. Test number 15 contained one liter of
100 p.p.m. KCN and 75cc of 0.1% lime-sulphur solution. Test

number 16 contained one liter of 100 p.p.rm. KCN and 100 cc of



0.1% lime-sulphur solution. Test number 17 contained one liter

of 100 p.p.m. KCN and 125cc of 0.1% lime-sulphur solution. Test
nunmber 18 contained one liter of 100 p.p.m. of KCN and 150 cc of
0.1% lime-sulphur. All solutions were aerated continuously until
the death of the zold fish, All the fish died within 65 minutes
after starting the experiment. In this series of tests, as before,
the gold fish acted very excited and swam about considerably, ond
then efter a few minutes became very cuiet with the characteristic

deep red colored gills. In these increased doses of lime-sulphur,

the treated mixture of potsssium cyanide became cquite cloudy end
seemed to contezin a very fine colloidal precipitate. This may
have aided in bringing the life of the gold fish to a more repid
end, as this fine material could pessibly heve clogged the gilis.

A finel set of three tests was made with & hizher dilution
of lime-sgulphur. Test nuaber 13 wss prepared by mixing one liter
of 100 p.p.m. of KCN and 50cc of .01% lime-sulphur tozether,
The solution was aerated continuously. The zold fish lived in
this solution 20 minutes. Test number 20 was prepszred by mixing
one liter of 100 p.p.m. KCN with 100 cc of .01% lime-sulphur
solution. The solution was serated continuously and the fish
died in 15 minutes. Test number 21 was prepared by mixing one
liter of 100 p.p.m. KCN with 150 cc of .01% lime-sulphur solu-
tion. This was also serated continuously and the fish died in
15 minutes.

INTERPRETATION OF RESULTS
In lower dilutions of both potassiuvm cyanide and lime-

sulphur, the experiments were more successful, however, outside

physical or chemical factors may have csused this c¢ifference.



Vith the higher concentrations, the results were very unfavor-
able. The action of the gold fish inciceated that thes treat-
ment wes not satisfactory. Their reactions to the letral ef-
fects of the trezted cysnicde waste proved cuite conclusively
that they were suffering from lack of oxygen. This was due

to the toxic effects of the cyanide. The physiolozical action

of tre fish wss exactly that of a cyenide poisonins as des-

3
cribed in medical handuvooks. Their reactions are first stimu-
lated and later depressed until finally death occurs due tc
asphyxia. The fish had extremely red vills which wes likewise
a sign of cyanice poisoning,

SULTMARY OF EXPFRIVENTAL RFEULTE AND CONCLUCICES

From the results of the experimental test run, it appears
that the lime-sulphur lacked the ability to convert the cranide
to a cranste or some other cyanide compound which is stable and
much less or not st all toxic to fish life. This fact was
showvn more conclusively in the stronzer concentrations of potas-
sium cyanide. However, there is some chemical reaction which
occurs when KCN end lime-sulphur are mixed tozether. A concen-
trated solution of XCN mixed with a swall amount of lime-sulphur
quickly formed s yellow colored precipitate which may have been
free sulphur.

It is the writer's opinion that further study is werrented
of this treatment by persons having more time &s well ss & tetter
understanding of the cheristry involved. Hzvinz bteen celled to
active duty in the army cut short the experimentel vork of this

thesis.,
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