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ABSTRACT

Three solutions of cyanide; KCN in de—ionized water
(51mple form) , K3Fe(CN)6 in dewlonlzed (complex form) and
KCN in natural landfill leachate {(mixed form) were'each
leached through five 30115 (Ava, Kalkaskap Mohave (calcar—,
'eous), Molokal and Nlcholson) of varylng phy51cal and chem-
Vlcal propertles to evaluate which soil characterlstlcs N
.govern the movement of the wvarious cyanlde forms 1n 501ls°'
vThe effluent from each column was collected and analysed for
total cyanide each dayow In general, KCNgand K3FeXCN)6 in
’ Water‘Were both found to be very mobile in soils, mhile'KCN

in leachate was found to be less'mobiled Soil properties
such~as low ph, presence of freewiron oxide and kaolin,
chloritewand gibbsite type clay (high positive charge)

- tended to increase attenuation of cyanide in the three
forms. ngh ph, presence of free CaCO3 (hlgh negatlve

charges), low clay content and montmorlllonlte clay tended

to permit'greater mobility of the three cyanide forms.

vii



INTRODUCTION

'The-frequency of groundwater pollﬁtion by}hazarddusb
toxié'elements—is steadily on the increase in the United
Statesel With;exiSting.air and surface water pollution
_-regulatlon forc1ng an’ ever 1ncrea31ng volume of toxic
achemlcal waste to the land for ultlmate dlsposal, part1c°i
-ularly in heav1ly populated and 1ndustr1al reglons of theri
Unlted States, many aquifers in varlous reglons of the
',.Unlted States may be in danger‘of serious Waterrquallty'de*
gradatiqn if soils are not effective in preﬁenting hazard- ;
ous.waéte from migrating downward to the ground water table,
when they are recharged by rainfail infiltrating through the
land surfaée,"The need for research in this afea.Seems
clear. Presently there is a great deal of interest in
evaluating eoils as a filter for a variety of hazardous

chemicals. Cyanide is one of the chemicals of concern.

Deflnltlon of Cyanlde

Becaﬁse cyanlde appears in a variety of forms in
natu:eaand 1nduStry a strlct deflnltlon is requ;red so that
one.ﬁay proceed in an underetandable manner. 1Taras (197;)
refefs-to cyanide in ihdustrialtwaste as all the CN- groups
present‘in the cyanide compound that can be determined as
cyanide ion,{CN‘, by the Liebig distillation method. .

. : L :



. - Where A

2
Cyanide are further classified into (a) simple and  (b) com+ 
plex groups . | |

Simple Form: -~ A(CN)

' WheresA“= an‘alkaliv(Na;K,NHé)*or'anetal5r

it

D« the valence of A and the humber of CN groups -
CN is present as CN~

Complex Forms AyM(CN)

the alkall metal present y tlmes : -
M= the heavy metals (Fe' ,Fe3 ,Cd,Cu, Nl Ag,Zn and
others) | o
x = the number of CNfrgroup-and‘equalhtolthe.valencegh-
| of A taken vy times plus thet of theiheaVy metal.
‘Thefanion>radicel in the complex cjanide appears.as
M(CN)X° ‘When the simple cyanide comes in eontact with acids
HCN forms. |
The metal cyanides Vary widely in thelr decomposrn.
tion to HCN in acid. As a matter of convenience. they may be

further grouped on a basis of rate of decomp051tlon, as

(1) Readlly Decomposable-—metalllc forms of ‘Ag, Au, Ccd, Cu,

Nl, Pt and Zn.

(2) Slowly Decomposable-—Fe and Co.

The stablllty of alkall metalllc cyanlde also vary rn
aqueous solutlon‘a;one, many remalnyrather stable rn water°
Because of the toxioitleE CN, the-forﬁation of a more |
.stable cyanlde has been a srgnlflcant factor in the

act1v1ty of - blologlcal systemo‘



'Sources of:Cyanide in’Soiis

o Cyanlde is 1ntroduced 1nto the soil by natural means
- and through the act1v1ty of man. It is produced-naturally -
hy'several-fungl'(Bach, 1956), atlléast'one.bacterium

'n(Michael and Corpe, 1965).andvmany'membeESJof the higher

-_{}plant communlty (Roblnson, 1962) _ The amount produced by

L these organlsms 1s rather 1nsrgn1f1cant When compared to

h;the quantlty whlch is dlscarded each day as a Waste product
f{of some modern day 1ndustr1es, hav1ng been used extens1vely
"s1nce-the 1800's for extractlng precious metals and for -
_.strlpplng unde51rable forelgn substances from metal sur- o
-faces before plating. :The cyanide bearlng waste is intro-
:duced into thefwaste system by drageout losses,; leakage and
. accidental tamk spills. -"_bRudolphf(l9'd3) estimated the
_cyanlde (CN”) concentration in the waste stream of cyanide
k-:plants varled from 100 mg/llter to 50,000 mg/llter dependlng

- on -the eff1c1ency of the plant and the process involved.

Cyanide Reaction in the Soil
.Virtually no organic-compoundvisbleft'immune to
_degradation by the highly Versatiie microbial popula-tiOn°
'_Cyanlde 1s no exception, desplte the fact that it is highly
btox1c to the biological system as CN . Cyanlde is also
utilized as an energy source and/or source of nitrogen by -

'fplantS'ahd microorganism. Ware and Painter (1955) isolated



.dan anaeroblc autotrophlc actlnomycete contalned in sewage

: whlch is capable of grow1ng on silica gel contalnlng only

- KCN as a. source’ of carbon and nltrogen° Allen and Strobel
'(1966) found several fungl whlch ass1mllated or transformed
“CN~ in synthet1C~med;a° Strobel (1967)_went as far as to

say that a'cyanide cycle exists iﬁ‘the‘SQil‘similar;to that

- of carbon and nltrogren,, In fact cYanide and-related'comn'
tpounds such as- cyanamlds, dlcyanodlamlds and granldlne |
-'nltrlte have long been regarded by agrlculturallsts as
'éotentiai nitrogen fertilizers;‘ AsS early as 1918 Cow1e

f{(l919) recognlzed that cyanamlds can serve.as a valuable

' fertlllze: because it forms ammonia readlly;ln soils.
.Cyanide (CNéj added to soilﬂin modest amounts (updto'ZOO ppm
’ NcCN)-apéears to .be :eadily~transf0rmed and/oridegradedr

depending on oxidation/reduction.conditionsé'.McCool (1945)

suggests it is only slightly less effective as a Néferti—

V | ‘ 'when-aoplied

3
- to nitrogen deficient soils. Cyanide as KCN was shown by"

lizer for corn, tobacco and mustard than NaNO

2 '3
_gterile soils. He suggested that ¢yanide is fixed by

‘Strobel (1967) tovyield CO, and NH, in the presence of non-

"various soil organism . in several'ways, all of which give
- rise to'some organic nitrile. The nitriles yield ammonia
pius the'corresponding organic acids as a result of nitri-
‘iase_activityo dMany microorganisms of the soils can
utilize ammonia and fix the nitrogen in the form of living .

célls.



'Cyanide Toxicity

Although numerous ‘organisms exist whlch can degrade'
: C‘ the CN is Stlll one’ of nature s most toxic compoundso.
The hlghly tox1c nature of 1t has been well documented,r
Simple alkall-cyanldes and many alkall—metalllc-cyanldes,
which form CN  in aqueouS“solutions may_decompose slowly to
'form varylng degrees of tox1c1ty. 'ThejleVel of toXicity Of,
'the more stable cyanlde depends on the metal present and the
p;oportlon of CN_vgroups converted to simpler alkall cya=-
nides;‘:Ludzaoki“Moore,'Krieger andeuChhoft (1951) and
Schant (1939) found cyanlde (CN ) to have an lnhlbltory '
-effect on flSh llfe at concentratlon of 0. 3 ppm. The _
Advlsory Commlttee on Revision of’Ua S. Public Health
Service (1961) snggested.,dl mg of HNc/iiter to,be the
limiting COnoentratiOn of:cyenide inrdrinking water. These-
- figures seem to.give a clear lndlcatlon of the harmful
effect uncontrolled dumplng of cyan;de waste could have on
' aquatic life and human health. Fortunately, cyanide waste
,is7treated in}most,plantso  Methods range frquchemioal
‘ ntreatment=(aikaiine chiofinationp,aCidification,:pondiné,
complexation}-ozonation and electrolytic oXidation) to
biologica} treetment using aCtiVated sludge {(Murphy and |
Nesbitt, 1964)°,Alth0u§h SQme'of these processes éalkaline
chlorination and activated,sludge) are quite effective none

- of them.completeiy remove the.cyanide,



Objectiveﬁ-—
'iDespiﬁe the fair amount df,infdrﬁation on cyanide in
 _the‘soi1:there still exisﬁs-a'humbértof ¢ritica1:§aps which)
heed filling before predictions Cbnéerning tﬁe fate of Cﬁ“'
_~in'the soil can be made; The object of.this investigatioh’,
_ is_(l).to méasure cyanide mobility in soils and‘(2)‘to

-~ determine those soil'prpperties.which govern the mobility

"j<and/6r”attenﬁationfof cyanide in the soil.



" MATERIALS

The soilé used for this study were collected from.
various parts-of the United States, covering four méjorkseil
orders. | 7 | | | | |
'(l): Ava;klllinoisj-—is an7Alfisoll érTypic‘Frégiudalf;'iAvé"f,_
was cbilected from the B (argillic) horizon. -Iﬁ.has a
‘YelloWiSh brown colot,ja silty;clay loam texture with an
' .aCidié PH. Ava'dévelopéd ﬁnder a deéiduou§ fofeét; |

- (2) Ralkaska (Michigan}-—is.a Spodésol, a Typic Haplorthods.

P _

Kalkaska was collécted form the B'(spodic) horiZon@ If'has
a reddish brown color, a éénd teéture wifh an acidic pH. |
Kalkaska,developed under a forest énvifonmenﬁa
1(3) .Mohave,.Limey (Arizona)--is an Afidisgl, aATygiC’Haplar-
gid. .Mohave was'cbllected from the B (argillic) horizon.
It has a reddish brown color, a clay loam texture with an
alkalihe pH. Mohave is a desert soil‘fafmed under an arid
'venviroﬁmentn"It:differs from othervsoilS'of tﬁe Mohave‘_
series-ih that it ébntains free CaCo,.

(4) Molokai (Hawaii)-~is ah Oxisol, a Typic Torrox.
Molokai,ﬁas collected from fhe S (oxic) horizon. It has a
dark fed color, a clay teXture with_a slightly acidic pH.
Molokai formed under_a.tropical envifonmento

7



j(S). Nlcholson (Kentucky)unls an Alfisol, a Typic.-
,eFragludalfs, It was collected from .the B (argllllc) hori=
v:zon, ‘It has a yellow1sh brown color, a 51lty clay texture
dw1th a sllghtly ac1d PH. Nlcholson was»formed under'a

forest env;:onment@--other characteristics of the scils'arél

" ‘shown _in-‘ table 1. The pH of the soilsr’__'x/}as determined on a .

SaturatedﬁpaSte of the soil with-a pPH glass electrode:metery

'i_'The electrlcal conduct1v1ty was measured with an electrlcaliv-

d'conduct1v1ty brldge on the saturated 5011 paste extract.
fTextural size was- determlned by the- conventlonal plpet
1fnmethode Surface area was determlned by method 1n Hellman,e
Carter and Gonzales (1965) Free ion oxide was determ;ned
by the method of Kllmer (1960) " The predominant:clayr |

-;mlnerals present,wereﬁldentlf;ed'by X=-ray  diffraction.

Leachate
The natural'municipal solid waste leashate was pro-
‘duced byrpasking re?reSentatite solid_waste (tabie_zi in a
t3800 litet commercial septic tank situated above ground,
;'satnrating_it With water_and letting itvdigeStvar several
'~ﬁenths;- Cbncentration ieVéls’of some cbnstitnents in the

leachate'appea:.in table 3.

Cyanide Compounds -
Three cyanide solutions were used (table 4) in this

) StU.dY ®



Soil

Ava
(Illinois)

Kalkaska
(Michigan)

Molokai
(Hawaii)

Nicholson
(Kentucky)

Mohaveca
(Arizona)

Order

Alflsol

Spodosol

0x1 sol

Alflsol

Arldlsol

pH

4.4

6.2

6.7

7.8

Table 1. Characteristics
Free Bulk
Surface Iron Qen-
CEC EC Area Oxide sity
meqZ vmhos/ m'/g %
100g
19 207 61.5 4 1.36
10 8.9 1.8 1.6
14 1262 67.3 23 133
37 120.5 5.6 1.34
12 510 127.5 2.5 1.53

of soils
Sand Silt
% 1
6 67
95 3
23 25
3 47
32 28

Clay

27

52

49

40

Texture
Class

Silty
Clay
Loam

Sand

Clay

Silty
Clay

Clay
Loam

Predominant
Clay
Mineral

Vermlcul Ite
Kaollnlte

Chlorite
Kaollnlte

Kaollnlte
Gibbslte

Vermlcullte

Mica
Montmorlllo-
nlte



- Table 2;”‘ Type of materlal in the mun1c1pal waste-type R
' 1andf111 used. to generate 1eachate coT :

.'Soiid’waéte’Materia]'

Amount?Loaded in~i000'gaig . '=

~ Generator

'Paper (mostTy news=

paper .
Food waste
Garden waste
Plastic
Rubber
Leather
Textiles -

Metal (most?y cans)

Glass

Ash #59}
Soil 68

Calf manure

Ibs. .

1,400
450
1376

3]
109 L
SOﬁ?HJV
100 |
187 .
o

27

35

%

.-

45,7 .

147

12.3
10.2

6.1
5.8
4.1

1.1

0T



Table 3 Analy81s of the natural leachate from a . -
' " municipal waste-type landfill used 1n.""‘

thls study

. Sy
EC (umhos/cm) - | - 2500
| K (ppm) : '2;40‘
 Ha {ppm) S 60
'V‘C,a (.ippm);; . '176?0.?:” .
Mg (ppm). j  33
, Zn'(Pﬁm)(   ﬂ_ - A  | 3
x5 (ppm) o " 14
Coo(pm 200
Fe (ppm) 90
Hn (ppm). o »"‘3,;3




. Table 4.

Characteriétics of cyanide solution - -

Concentration of .~

~ Type of Ion L
‘ Present R

”Cyanide Sbiutipn'l
KCN in de-ionized
water o
K3Fe(CN)g in de-

jonized water

KEN in Tandfi1l
Teachate

pH of Sd?uti@n v

10.0
8.5

7.0

L Cyanide in Solution

. ppm
o 97,'f

o 98_;Lu'"

~ 80

eNe

 Fe(ang®

N Bnknown

2T -



13
/v_(i):VKCN in de;ionized mater (simolelfOrm)‘defined in'page"
Ny : S S . ,
(25. KgFe(CN)G'ithe—iooized water.(complex:form) defined on
pagerz . | | o | | |
(3) "RCN in natural landflll leachate (mlxed form) The
mlxed form contalns both the 31mp1e and complex form of
‘cyanlde,. Thevformatlon.of a blue pre01p1tate occurred when
iKCN was added to the leachate, tests 1nd1cated the prec1pl—‘
tate to be Prussxan blue [Fe(CN)G)3 4]°_ Other compounds of
cyanlde were present but their actual 1dent1t1es are un=
known° | | |

Leachlng Apparatus—-(flgure 1)z

(1) Three'PVC_columns” 5 cm. 1n'd1ameter and.lé cm. in
Viength |

(2) One Pefistaltic pump with its accessories

(3).Plastic tubing (nylon) -

(4) Coliectinémbottles (125 ml. volume)

(5) 1N NaOH solution

Distillation Apparatus--(figure 2):
(l)'Heating jacket |
(2) Boiling fiask :

(35 Condensation column

(4) TranSpOrtltubing
(S)AFisher*Milikan gas scrubber
(6). Suction flask (vacuum).

(7) 1N NaOH solution



Figure 1. Leaching apparatus



Figure 2. Distillation apparatus



o
i

(4)
(5)

 Titration Apparatuss:

Silver Nitrate solution

Buret (l0ml)_.

Stirrer and»magnét»bar

Rhodanine indicator solution

Glass ware

16



METHODS

fThieeVSOIutibﬁs'of cyaﬁide-(tablé 4i.Qere each
,1eachéd-through five soils (tablé 1) for épprbximatély!lS
days. The soilS'wefe'dried.in air and passed'throﬁgh a two
':millimeﬁer sievew. Each soil.was‘uniformallyrpackgd in &
:‘ PVC'¢6iumh:5 cmlinIdiaméter andflO cm in length to-a_:,,
specified bulk density greater thén-the usual natural COn¥
dition to avoid column side effectiand.insure,uniform flow
throughoﬁt° | o
- Aeratiqn’of the leachate and béiling'of therwéier
was required before édding cyanide-to preﬁent carbon dioxide
from degrading the cyanide, Miller (1906). |
| The cOlumné-Were saturated slole in an inverted
position;to insure uniform wetting and to:eXclude airs The
cyanide solutiqns,Were'pumped thréugh Fhe-soil using a
' Pharmécia (PiSGaiaway;_NJ) ?eritalticapumpi(figure l)f The .-
fIOW»raté was'regulated to deliVer-approxiﬁately one pore
volume of’effluent éerfdayo The eluate was collected in
125 ml. plastic bOttleS contéiﬁihg 5 ml of gﬁtNaOH soldtion°
'The ﬁaOH*Stabilizés any cyahide-coming throughlﬁhe<column.

_ The‘eluaté Was‘énaiyzed:for.total cyanide (CN*) each
day by the Liebig distillation method figure 2 (Taras,‘
1971). ,The‘distilléiion procesé,proceeds‘ih.this fashion. .
An aliquot of the'samplebis‘placed iﬁ tbe boiling.flask. -

17



,;dIts volume -is broughtdup‘to about 300 ml with de-ionized
-d'water;,the suction is ‘initiated at this point. To the

vboilding.flask~ 25‘m1;-of concentrated sulfuric acid isr

18

';¢added and the sample is heated to 80 C w1th a heating cup ‘

“from one and one—half hours for 51mple cyanide to three

'hours or more for the complex cyanldeo' The c¢yanide in the

v}vsample reacts with the sulfuric ac1d and 1s transformed to

V”fiHCN gas. The HCN is transported to a’ FlSher—Mlllkan gas:

” scrubber by suctionoi The gas. scrubber contains 50 ml of lN

.~ NaOH plus-another.50 ml of de—lonLZed'Waterrto bring the

'vi'dlevel“oflthe solution to a descent'height-SO"that proper.

: ﬁixing'can occur. Upon enteringtthe,scrubber the HCere;
acts immediately with the'NaOH to form NaCN‘pluS.water,"
'After'proper distillation time has elaésedytheisample_is
: collectediand brought ué to 250 ml volume with 1N NaOH. A
25 ml aliguot is drawn off and analyzed for‘CN- by using
silver nitrate"as the titrant and rhodanine as the indica-

- tor.

A statistical analysis was performedtusing two types

of variables: first the parameter characterizing the atten—-

uatidn of’ cyanide, mass absorbed per gram of ‘soil per

milliliter of added.leachate:and'secondly,-theISOil proper—

ties: % clay, pH, CEC, surface area and free ironoxide.



' RESULTS -

The relative mobility of the three Cyahiae solut'
‘tions is best illustrated. in Mohave,  clay loam-and Kal-
kaska sand (figures 3 and 4), All aata are plotted as pore

tvolume versus C/C ag, where C/C " -is the ratlo of effluent

h:,fconcentratlon to 1nf1uent concentratlon, KCN and K3Fe(CN)6

:lln de—lonlzed water were both found to be very moblle in
uSOLIs, w1th"90% or'more«of the cyanlde belng,leached out on
"°or“before‘the fourth pour>volume;arKCN in landflll leachate
was the 1east mobile of the three solutlons,a‘
| The influence of soil type on the movement of the
'three cyanlde,solutlons is illustrated lngflgures 5, 6 and
_.7, Figure 5fshGWScthe.amouht of KCN in deéionfzed water

" that was leached through four 50115, Mohave ,_Ava,_

ca
- Nlcholson and Molokai. The flgure 1nd1cates KCN . leached
"'most rapldly in the 5011 hav1ng the hlghest pH and free -

caco,

(Mohave )f» The negatlve charges on the clay surface

3 Ca
.of MohaVeCa;tends to repel the CN , causing it to be
ieached out more rapidly than in soils having a higher
.concentrationhof,poSitive chargesn TheVCN-uWaS retained
gmost hy soils having a“high concéntration of hydroue oxides
of iron»(Molokai and Nieholson); Korte, Skopp, Fuller, -
Niebla and Alesii (1975) found similar results while
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Figure 3. Relative mobility of KCN in de-ionized water, KgFeCCN)“* in
de-ionized water and KCN in leachate through Kalaska sand
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Figure 6. Relative mobility of KgFe(CN)g in de-ionized water through
four diverse soils.
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worklng w1th the anlon forms of As, Cry Se and V. N This conm~,” E

'clu51on is further supported by data from Berg and Thomas
(1959). They found c1” which is Slmllar to CN in its
absorption_behavlor,-attentaatedfinrsoils having a high
-‘percentage'of kaolin: clay, iroh‘and aluminum oxide.

h Schofield (1939) alsohreported that Séils high in these,e
.'oxideskhave a high-anion-exchange'capaoitya Acid soils suchf_'
as (Ava) proved,»surprisingly,ltoAbe:a;poor'attenuatOr,of |
_CN_ov Texture seemed to have some influehce onfthe~attenua~ :
tlon of KCN but ‘its effect was masked by the presence of

- iron oxide and CaCO3 | | » - A
Figure 6 illustrates the movement oflK

3" |
; Ava, Nicholson -

Fe(CN) . in
de—iohized water through four soils»MohaVeCa
and_Kalkaska, 'The Ferricyanide ion‘also migrated most
rapidly through soils having a highpr:and~the presenCe off'
free CaCO3 (Mohave ) for the same reason given for KCN in
water° AFerrlcyanlde ion moved slowest in soils haV1ng a low
pH with kaolin type clay being the dominant clay minerals
(Ava and Kalkaska) . A:low3pH WOuld'indidate the~clay sur-
‘face to have a highﬁpereentage ofjpgsitive_exchangepsite,
which vould attract the Fe(CN)63§'ion and~retain'it;

‘Kamprath Nelson and Fitts (1956) found good retentlon of

8042“ by an acidic’ soil high in ox1des and kaolln, whereas,
the 3= layer minerals appeared to have poor retentlon of
SO42g; Although 1ron—ox1de had an efflnlty for Fe(CN)

its presence was not as effective as soil pH in governing
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the movement of this form of cyanlde.' TeXture'seems to-?lay.
a more lmportant role 1n the retentlon of Fe(CN)63° Wheh.l
'accompanled by low 3011 pHD The hlgher clay contenr SGll
(Ava) retained more’of the Fe than-the sandier 5011 of
Slmllar pH (Kalkaska) . |

| Flgure 7 portrays KCN in landflll 1eachate mlgratlng

-through four soils (Ava, Kalkaska, Nlcholson and Molokal)
KCN in leachate behaved very 51mllarly to KCN 1ﬁ watere:
ThlS solutlon mOVed most - rapldly through soils w1th low pH
‘(Ava and Kalkaska) 'Cyanlde-was retained the most by_solls
hav;ng a'hlgh concentretion of'iron~6xide (Molokai and |
NichOlSon)QA Of the three solutioné, KCN in leachate Wes
found to be attentuated the best. This can be partly ex-
:plaiﬁed by the precipitation.of prussian blue when KCN was
added to the leachate (Robine, Lenglen and LeClere, 1906);
The'blﬁe”preoipitate was found permeating the top 4 cm of
the soil column. . The eccumulation indidatesvprussian blue
to be-quite immobile in soils; The fOrm.of cyanide thetA
eluted through:the soil column probably was the CN that
had not reacted With_the iron in-solution to form prussian
blue and other cyanide_compounds.' |

Very little cyanide if,any'was iost to biological
‘degradation in the soil columnsithis can be sﬁpported'by—
the fact that the:anaerobic state of the eoil columns in-
_ﬁibited,eny microbial,degradation;of cyanide; Micro-

~ organisms responsible for degrading cyanide under anaerobic



 féonditi0ps are very sensitive'to'high'q§anide concehtratioﬁ;
‘- fé§burn'(l949frfbuna 2 épm in the wasteSfream-to be fhe limit
' ;fof5éffectivé anaerobic'degradation of-;ﬁyénide’_° This con-
-1f§en#£atibhAié'muchilesé.than-thatiwhiéh Qés:éasséd through

the soil columns.



DISCUSSION

'i:Shown in Table SEere the”COrrelatiouicoefficienusrof

‘{ffiVe soil parameters: % olay; pH, CEC, surfece”area anéf%
‘_free iron oxide, with'the ﬁass of-cyanide coméound-ebsorbed
. per gram_of soil, per mllllllter of effluent added. KCN in.
:ﬁefer'EOrreiated'very high with % ‘iron ox1de°- It aiso qave'
’a fair correlatlon to- the.% ciayb ‘There was no correlatlon

':to elther CEC, pH or surface area. The. absence of a corre-—

_f_latlon to pH seems to agaln support the conc1u31on that low

pH has llttle or no effect in attenuatlng this form of
‘cyanide. |
KCN in leachate gave similar correleﬁion to KCN iu
l_water, It correlated very high with'% irou.okideq It also. .
gave a fair correlatioh'to'fhe % clay. These.similar
correlations between KCN in water and KCN inkleechaterfor
. both %iiron_oxide and % clay While_giving no:correlation to
‘either soil‘pH,'CEC:or:surfaoe area,would lead one to be-
lieve the-mechanism_contrOIiing the attenuetion of these two
f.so1utionsrare very similar.
K3Fe(CN) in water gave a good negatiVe-correlation

to pH, indicating that as the pH drops, attenuation in=-

'creaseso It also gave a fair correlation to ¢ iron oxide.

There Was,nOfcorrelatlon to eltherﬂ% clay, CEC or surface

: - areao

28



Tablea5; Correlation coefficients of mass absorbed
 per gram of soil with soil properties

;‘Cyanide _ - -
- Compounds 1 Clay

pH.

CEC

Area = Fe,0

Surface
273

KCN In Water = .68

_KCNVInfLeachdte'fj‘ @69 

KSFe(CN)G'In Water .12

4z
- 77

.24 .
.08

-.20

10 .94
19 .91

~.40 .64

6¢



RECOMMENDATIONS -

The evidence gathered from this exPerimente$h6wed

‘eyanide to be quite mobile in a variety of soils. Due to

'~1ts moblle nature and 1ts potentlally high tox101ty to the

blologlcal system it 1s 1mperat1ve that cyanide be dlsposed
:'of_ln{a safe manner~1n theenv:.ronmen-t° A number,of re-“
'COmmeudatious have'beeuiarrived at togpreveht coutamination
- of cyanlde to the ground water system,-. .
"'(l) The malntenance of the cyanlde plant should be kept 1n
vtip—top CQndlthDgSO as_to reduce spllls and leakage° ThlS
‘will greatly reducelthe level of cyanide‘in,thefWaste'
stream | | | _ _
(2) A good. treatment system should be. established. .Prefer—-
abiy One-that would remove the majority*of Cyanide“insits |
.toxiC‘statea“ A variety of‘treatment'sYStems are listed-on
rpage 45 Of these complexatlon and actlvated sludge seems
. to lend themselves to the best use. Complexatlon 31mply '
'ychanges theystate,of.thelcyanide_te'a.very stable non-toxic
compounds_'Activated~sluage'is extremely.effeetivevin de=-
toxifyinngN— by using“microorganismsito break down'éNf into
ammonium;and carbon dioxide.
(3) Any cyanlde remalnlng in the waste stream ‘after . treat~
ment can be flltered effectlvely enough by the 501l,j Here
-agaln-certarn so;ls are better for thls'task than,othersg‘
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;Résults from this experimentfréVe§1-the pfeferre& soil -
.rsﬁould be deep;zhéve a clay_éexture high in iron oxidé ané

: kaolinitic t&pe clay with a low pH. ' 7

(4)V,The soil should be innoculated if péésible by cyanide

' degradingiorganisﬁs,lthis will-ﬁelp break‘down the'cyanide

;trapped=by the soil.



. CONCLUSION

| ”-Cyanide aSFEe(CN)GBf aﬁa CN_ in-water,were'hoth -
fcnnd:to be. very mobile in soils. Cyanide“as KCN in natural
'landfill leachate was’found to‘be less mobile. 8011 proper—'
‘_tles such as low pH, percentage free~1ron oxide and kaolln,
_,gchlorlde and glbbSlte type clay (high p051t1ve charges),
¢ftended to 1ncrease attenuatlon of cyanlde in the three

forms° ngh pH, presence of free CacCo (hlgh negatlve

3
’ charge), low clay content and montmorlllonlte clay tended to
‘1ncrease the moblllty of- the cyanlde forms. Ev1dence'from
’-thls 1nvestlgatlon shows" cyanlde could pOSSlbly contamlnate

the ground water 'if proper metho&S'cf handling the cyanide

“are not used.
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