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Cyanide Geochemistry and Detoxification Regulations 
Adrian Smith and Debra W. Struhsacker 

13.1 INTRODUCTION 

Cyanide is, a generic term indicating the presence of the cyanide ion 
( C N ' ) .  Cyanide i s  a very common, naturally occurring compound produced by many 
biochemical reactions. Many plant species synthesize organic compounds which 
contain cyanide in the form of cyanogenic glycosides (Knowles, 1976). For 
example, trace amounts of cyanide are present in the seeds a n d  leaves of many 
members of the Rosaceae (rose) family (Kingsbury, 1964). 

Many common i tems such as le t tuce,  maize, sweet potatoes, kidney beans, 
(Oke, 1969) almonds, and cigarette smoke contain cyanide. As examples, a 
recent chemical analysis o f  chocolate-covered almonds measured a total  cyanide 
content of a b o u t  two ppm (Steffen Robertson and Kirsten, 1987); and the U.S. 
Surgeon General (U.S. Department of Health, 1964) has shown t h a t  cigarette 
smoke contains u p  t o  1,600 ppm total  cyanide. 

The chemistry of cyanide solutions i s  complicated because the cyanide 
ion forms compounds and complexes with many elements. Some cyanide species are 
highly toxic whereas others are re1 ativel y inert  a n d  harmless. Molecular 
hydrogen cyanide ( H C N )  i s  the most toxic form of cyanide. Under most 
conditions, H C N  exis ts  as a gas which readily dissipates or reacts with the 
environment to form less  toxic or nontoxic forms of cyanide. Thus H C N  i s  an 
ephemeral toxin, a n d  many naturally occurring geochemical processes reduce the 
H C N  concentration of a heap system with time. 

As discussed below, free cyanide includes the two species, ionic cyanide 
( C N -  ) a n d  molecular hydrogen cyanide. Free-cyanide toxicity in man, mammal s ,  
a n d  aquatic species i s  we1 1 documented (Doudoroff, 1976; Ecological Analysts, 
1979; Towill e t  a l . ,  1978). The lethal doses reported for human adults vary 
with the type of exposure as follows: 

One t o  three mg/kg body weight i f  ingested; 
One hundred to 300 ppm i f  inhaled; a n d  
One hundred mg/kg of body weight i f  absorbed. 

Acute toxicity of free cyanide t o  freshwater invertebrates ranges from 
0.028 t o  2.295 mg/l, depending on species and  t e s t  conditions. Generally, 
free-cyanide concentrations greater t h a n  0.1 mgjl are expected t o  ki l l  
sensitive species in freshwater or marine envi ronments (Doudoroff, 1976; 
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Cardwel l  e t  a1 ., 1976). Concen t ra t ions  o f  HCN as low as 0.05 mg/l can be 
l e t h a l  t o  f i s h  ( S c o t t  and I n g l e s ,  1981). Several  s i t e  s p e c i f i c  v a r i a b l e s  
i n c l u d i n g  t h e  s o l u t i o n  pH and temperature,  oxygen c o n t e n t  o f  t h e  water,  i o n i c  
s t r e n g t h ,  spec ies  a c c l i m a t i o n ,  and body s i z e  can a f f e c t  t h e  degree o f  f r e e -  
cyan ide  t o x i c i t y .  

13.2 CYANIDE 'TERHINOLOGY AND ANALYTICAL METHODS 

One o f  t h e  d i f f i c u l t i e s  i n  d i s c u s s i n g  cyan ide  and t h e  environment and 
e s t a b l  i s h i n g  cyan ide r e g u l a t o r y  s tandards i s  t h a t  t h e  t e r m i n o l o g y  used t o  
d e s c r i b e  cyan ide  spec ies  i s  con fus ing .  To add t o  t h e  con fus ion ,  t h e r e  a r e  a  
v a r i e t y  o f  a n a l y t i c a l  methods used t o  t e s t  f o r  t h e  v a r i o u s  cyan ide spec ies ,  
and some o f  these methods a r e  prone t o  a n a l y t i c a l  i n t e r f e r e n c e  problems. Thus 
comparing a n a l y t i c a l  da ta  f rom one l a b o r a t o r y  t o  ano ther  may n o t  be v a l i d  
(Conn, 1981). The f o l l o w i n g  d i s c u s s i o n  w i l l  a t tempt  t o  c l a r i f y  cyan ide 
t e r m i n o l o g y  and rev iew t h e  most commonly used a n a l y t i c a l  methods. 

Free Cyanide 

The term " f r e e  cyan ide"  means t h e  two spec ies ,  i o n i c  cyan ide (CN') and 
mo lecu la r  hydrogen cyan ide  o r  hydrocyanic  a c i d  (HCN). I n  a c i d i c  and weakly-  
a l k a l i n e  s o l u t i o n s ,  t h e  dominant f r e e  cyan ide spec ies  i s  mo lecu la r  hydrogen 
cyan ide.  

Most a n a l y t i c a l  techn iques f o r  measur ing f r e e  cyan ide i n v o l v e  s o l v e n t  
e x t r a c t i o n  o r  sparg ing  t h e  HCN from s o l u t i o n  and measur ing t h e  HCN (Conn, 
1981). Free cyan ide can a l s o  be ana lyzed u s i n g  a  s p e c i f i c  i o n  e l e c t r o d e  by 
comparing t h e  p o t e n t i a l  read ings  o f  t h e  e l e c t r o d e  a g a i n s t  a  cyan ide  s tandard  
c a l i b r a t i o n  curve.  The s p e c i f i c  i o n  e l e c t r o d e  techn ique  i s  one o f  t h e  e a s i e s t  
and most economical methods f o r  d e t e r m i n i n g  f r e e  cyan ide i n  a  f i e l d  
1  abora to ry .  

However, t h e r e  i s  a  s i g n i f i c a n t  body o f  da ta  which i n d i c a t e  i n t e r f e r e n c e  
problems w i t h  f r e e  cyan ide  analyses.  These da ta  i n c l u d e  many exarnples where 
t h e  apparent  f r e e  cyan ide l e v e l s  were h i g h e r  than  t h e  t o t a l  cyan ide measured 
i n  t h e  same sample due t o  t h e  i n t e r f e r e n c e  o f  t h i o c y a n a t e  (CNS') o r  o t h e r  i o n s  
i n  s o l u t i o n .  The s p e c i f i c  i o n  e l e c t r o d e  method, f o r  example, i s  p a r t i c u l a r l y  
s e n s i t i v e  t o  t h e  presence o f  ~ 2 - ,  C 1 - ,  and ~ g + .  Thus, f r e e  cyan ide  ana lyses 
may be q u e s t i o n a b l e  depending upon t h e  chemical  compos i t i on  o f  t h e  s o l u t i o n  
b e i n g  analyzed. 

Even though HCN i s  t h e  spec ies  t h a t  i s  measured and i s  t h e  dominant 
t o x i c  spec ies  o f  concern, f r e e  cyan ide  i s  g e n e r a l l y  expressed i n  t h e  
l i t e r a t u r e  as "CN'". To add t o  t h e  con fus ion ,  f r e e  cyan ide i s  sometimes 
w r i t t e n  as "CN"  (U.S. Environmental  P r o t e c t i o n  Agency, 1980). 

13.2.2 T o t a l  Cyanide 

T o t a l  cyan ide r e f e r s  t o  t h e  sum, i n  terms o f  cyan ide i o n  (CN-), o f  
m o l e c u l a r  hydrogen cyan ide  (HCN), cyan ide  i o n  (CN- ) ,  and most cyan ide  bound as 
meta l  1  i c  complexes and compounds. Ac id  r e f 1  u x / d i s t i l  l a t i o n  u s i n g  a  c a t a l y s t  t o  
break down most meta l  1  i c  cyan ide  spec ies  i s  t h e  a n a l y t i c a l  techn ique  common1 y  
used t o  measure t o t a l  cyan ide (ASTM, 1981). T h i s  method cannot measure 
c o m p l e t e l y  t h e  cyan ide  c o n t e n t  o f  go ld- ,  c o b a l t - ,  p la t inum-,  and some i r o n -  
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cyan ide  spec ies .  The accuracy and p r e c i s i o n  o f  t h e  method a r e  a l s o  compromised 
by i n t e r f e r e n c e  from t h i o c y a n a t e s  (CNS-). The t h i o c y a n a t e  i n t e r f e r e n c e  
problem, coupled w i t h  v a r i a t i o n s  i n  a n a l y t i c a l  procedures,  has l e d  t o  g r e a t  
d i f f i c u l t i e s  i n  comparing t o t a l  cyan ide  d a t a  produced by t h e  m i n i n g  i n d u s t r y  
(Conn, 1981).  

Because t o t a l  cyan ide  i s  expressed i n  terms o f  (CN-), t o t a l  cyan ide da ta  
can be d i f f i c u l t  t o  d i s t i n g u i s h  f rom f r e e  cyan ide  data,  a l s o  l a b e l e d  (CN-). 
The use o f  t h e  words " f r e e "  and " t o t a l "  can p reven t  t h i s  con fus ion .  

Some cyan ide  r e g u l a t i o n s  a r e  expressed i n  terms o f  t o t a l  cyan ide  r a t h e r  
than f r e e  cyan ide.  Most b i o l o g i s t s  and env i ronmenta l  s c i e n t i s t s  would p r e f e r  
r e g u l a t i o n s  expressed as f r e e  cyan ide,  because t o t a l  cyan ide i s  
t o x i c o l o g i c a l l y  meaning1 ess (Conn, 1981). However, as ment ioned above, t h e r e  
a r e  s i g n i f i c a n t  a n a l y t i c a l  problems w i t h  t h e  a n a l y s i s  o f  f r e e  cyanide.  

13.2.3 Other  Methods f o r  De te rm in ing  Cyanide 

There a r e  v a r i o u s  methods f o r  measur ing f r e e  cyan ide  p l u s  t h e  cyan ide 
evo lved  from c e r t a i n  meta l  cyan ide corr~plexes under s p e c i f i e d  c o n d i t i o n s .  Some 
cyan ide  r e g u l a t i o n s  a r e  based upon these  d e t e r m i n a t i o n s  which measure l e s s  
t h a n  t o t a l  cyan ide.  The cyan ide  amenable t o  c h l o r i n a t i o n  method i s  based upon 
t h e  d i f f e r e n c e  between t o t a l  cyan ide  d e t e r m i n a t i o n s  on a  sample b e f o r e  and 
a f t e r  a l k a l i n e  c h l o r i n a t i o n .  The a l k a l i n e  c h l o r i n a t i o n  process o x i d i z e s  a l l  
cyan ides excep t  t h e  i r o n  compl exes and t h i o c y a n a t e .  The d i f f e r e n c e  between t h e  
two t o t a l  cyan ide  va lues i s  r e p o r t e d  as cyan ide  amenable t o  c h l o r i n a t i o n .  Th is  
method i s  s u b j e c t  t o  t h e  same drawbacks and t h i o c y a n a t e  i n t e r f e r e n c e  problems 
as t h e  t o t a l  cyan ide  method (Gannon, 1981). 

The weak a c i d  d i s s o c i a b l e  method (WAD), o t h e r w i s e  known as Method "C"  
f rom t h e  ASTM d e s i g n a t i o n ,  i n v o l v e s  a  procedure s i m i l a r  t o  t h e  t o t a l  cyan ide 
techn ique  except  t h a t  i t  uses d i f f e r e n t  reagents .  Th is  method recovers  a l l  t h e  
cyan ide  f rom z i n c -  and n i c k e l  -cyan ide complexes, b u t  o n l y  recovers  about  70 
percen t  f rom copper-  and 30 percen t  f rom cadmium-cyanide complexes. It does 
n o t  recover  any cyan ide  f rom f e r r o -  , f e r r i  - , and cobal  t - c y a n i  de complexes. 
There i s  no t h i o c y a n a t e  i n t e r f e r e n c e  problem w i t h  t h i s  method (Gannon, 1981). 
Th is  method i s  c u r r e n t l y  favored  by some eng ineers  and geochemists because i t  
o b v i a t e s  t h e  problems a s s o c i a t e d  w i t h  f r e e  cyan ide  ana lyses and i t  i s  n o t  
s u b j e c t  t o  t h i o c y a n a t e  i n t e r f e r e n c e .  

13.3 THE GEOCHEMISTRY OF CYANIDE I N  AN ABANDONED HEAP 

One approach t o  unders tand ing  cyan ide  b e h a v i o r  i n  a  decommissioned heap 
l e a c h  o p e r a t i o n  i s  t o  i d e n t i f y  t h e  cyan ide  r e a c t i o n s  l i k e l y  t o  t a k e  p lace,  and 
t h e  cyan ide  spec ies  l i k e l y  t o  be p r e s e n t  i n  t h e  v a r i o u s  geochemical 
environments w i t h i n  t h e  heap, t h e  pad, and t h e  u n d e r l y i n g  sediments and 
bedrock. F i g u r e  13.1 i s  a  schemat ic d iagram o f  an abandoned heap system 
showing t h e  ma jo r  components o f  t h e  system and t h e  p r e v a i l i n g  geochemical 
c o n d i t i o n s  w i t h i n  t h e  heap environment.  These c o n d i t i o n s  va ry  f o r  d i f f e r e n t  
p a r t s  o f  t h e  system. The upper p o r t i o n s  o f  t h e  system, i n c l u d i n g  t h e  heap 
i t s e l f ,  t h e  pad, and t h e  u n d e r l y i n g  weathered bedrock a r e  1  i k e l y  t o  be 
o x i d i z e d ,  and r e l a t i v e l y  d r y  o r  a t  l e a s t  unsa tu ra ted .  The u n d e r l y i n g  
unweathered bedrock i s  more l i k e l y  t o  be a  reduced and s a t u r a t e d  environment.  
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FIGURE 13.1 

PREVAILING GEOCHEMICAL CONDITIONS AND TYPICAL CYANIDE 
REACTIONS IN THE ABANDONED HEAP ENVIRONMENT 
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O b v i o u s l y  t h e  s p e c i f i c  geochemical c o n d i t i o n s  w i t h i n  a  heap l e a c h  system 
w i l l  be s t r o n g l y  i n f l u e n c e d  by  s i t e  c o n d i t i o n s  such as t h e  p o s i t i o n  o f  t h e  
water  t a b l e ,  amount o f  p r e c i p i t a t i o n  f a l l i n g  on t h e  heap, t h e  m inera logy  o f  
t h e  spent  o r e  and o f  t h e  u n d e r l y i n g  bedrock, and t h e  f r a c t u r e  d e n s i t y  and 
p e r m e a b i l i t y  o f  t h e  bedrock. For purposes o f  t h i s  d i s c u s s i o n ,  however, we w i l l  
assume t h a t  t h e  geochemical c o n d i t i o n s  shown on F i g u r e  13.1 a r e  t h e  most 
common scenar io .  

The f o l l o w i n g  d i s c u s s i o n  i d e n t i f i e s  t h e  cyan ide  spec ies  most 1  i k e l y  t o  
be p r e s e n t  w i t h i n  v a r i o u s  components o f  t h e  abandoned heap environment.  The 
behav io r  o f  these  cyan ide  spec ies  i s  d i scussed  i n  terms o f  t h e i r  r e l a t i v e  
t o x i c i t y  and t h e i r  p o t e n t i a l  e f f e c t  upon t h e  environment.  

13.3.1 H y d r o l y s i s  and V o l a t i l i z a t i o n  

Reac t ion  between water  and t h e  cyan ide  i o n  ( h y d r o l y s i s )  r e s u l t s  i n  t h e  
f o r m a t i o n  o f  m o l e c u l a r  hydrogen cyan ide  (HCN) as shown i n  Equat ion ( 1 )  and 
F i g u r e  13.2. 

CN' + H20+HCN + OH' ( 1 )  

T h i s  r e a c t i o n  i s  s t r o n g l y  dependent on pH. At  a  pH o f  9.36, t h e  pKa o f  t h e  
h y d r o l y s i s  r e a c t i o n ,  t h e  c o n c e n t r a t i o n s  o f  CN' and HCN a r e  equal  ( F i g u r e  
13.2). A t  a l l  l o w e r  pH va lues,  hydrogen cyan ide  i s  t h e  dominant spec ies ;  a t  pH 
7, 99 percen t  o f  t h e  cyan ide  e x i s t s  i n  t h i s  form ( H u i a t t  e t  a1 ., 1982). Most 
heaps have an o p e r a t i o n a l  pH o f  about  10.5. F o l l o w i n g  decommissioning and 
abandonment, t h e r e  w i l l  be a  gradual  decrease i n  pH w i t h  t i m e  due t o  
n e u t r a l i z a t i o n  o f  t h e  a l k a l i n e  env i ronment  d u r i n g  r i n s i n g  procedures,  
i n f i l t r a t i o n  o f  r a i n  water ,  and carbon d i o x i d e  uptake. Thus, HCN w i l l  be 
produced by most new1 y abandoned heaps . 

M o l e c u l a r  hydrogen cyan ide  (HCN) has a  h i g h  vapor p ressure  and r a p i d l y  
v o l a t i l  i z e s  i n t o  a  gas. 'This v o l  a t i l  i z a t i o n  process i s  modera te ly  temperature  
s e n s i t i v e .  The HCN produced by h y d r o l y s i s  o f  CN' i s  thus  r e a d i l y  v o l a t i l i z e d  
i n t o  a  gas and i s  c o n t i n u o u s l y  evo lved  f rom t h e  heap environment th rough  
d i s s i p a t i o n  o r  des t royed  by o x i d a t i o n  as d iscussed below. The n e t  r e s u l t  i s  
t h u s  a  l o s s  o f  cyan ide  from t h e  system. 

As shown on F i g u r e  13.1, h y d r o l y s i s  o f  i o n i c  cyan ide i s  most l i k e l y  t o  
occur  w i t h i n  t h e  upper p o r t i o n s  o f  t h e  heap, under o x i d i z e d  and u n s a t u r a t e d  
c o n d i t i o n s .  However, t h i s  r e a c t i o n  i s  n o t  Eh dependent and can a l s o  occur  i n  
t h e  reduced and s a t u r a t e d  p o r t i o n s  o f  t h e  heap environment.  

It shou ld  be no ted  t h a t  i f  t h e  heap c o n t a i n s  agglomerated o re ,  t h e  l i m e  
agg lomera t ing  medium may b u f f e r  t h e  hydro1 y s i  s  r e a c t i o n  by keeping t h e  pH 
above 9.36. T h i s  w i l l  t e m p o r a r i l y  p reven t  h y d r o l y s i s  and t h e  p r o d u c t i o n  o f  
HCN. W i t h  t ime,  i n f i l t r a t i o n  o f  water  and carbon d i o x i d e  i n t o  t h e  heap w i l l  
n e u t r a l i z e  t h e  cement agg lomera t ing  agents.  The heap i s  then  no l o n g e r  
buf fered a t  an e l e v a t e d  pH, and t h e  h y d r o l y s i s  o f  CN- t o  HCN w i l l  t a k e  p lace.  

13.3.2 O x i d a t i o n  o f  HCN and CN- 

The o x i d a t i o n  o f  e i t h e r  HCN o r  CN- i s  g e n e r a l l y  r e s t r i c t e d  t o  t h e  upper,  
o x i d i z e d  p o r t i o n s  o f  t h e  heap env i ronment  as shown on F i g u r e  13.1. The 
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o x i d a t i o n  o f  HCN produces hydrogen cyana te  (HCNO) as  shown i n  E q u a t i o n  2  
(Owenback, 1978). 

The d i r e c t  o x i d a t i o n  o f  CN- ( E q u a t i o n  3)  r e q u i r e s  a  m i n e r a l o g i c a l ,  
b a c t e r i o l o g i c a l ,  o r  photochemica l  ( s u n l i g h t )  c a t a l y s t ,  and produces cyana te  
i o n s  (CNO '). 

2CN- + 02 + c a t a l y s t  -+ 2CNO' ( 3 )  

Hydrogen cyana te  and cyana te  i o n s  a r e  much l e s s  t o x i c  t h a n  HCN. W i t h i n  
t h e  heap env i ronment ,  HCNO and CNO' r e a d i l y  h y d r o l y z e  t o  fo rm ammonia and 
carbon d i o x i d e  wh ich  a r e  evo lved  f rom t h e  system as gases as  i l l u s t r a t e d  by  
Equa t ion  4. 

HCNO + Hz0 - NH3(g) + C02(g) 

The ammonia genera ted i n  Equa t ion  4  can e i t h e r  form ammonium compounds o r  be 
o x i d i z e d  t o  fo rm n i t r a t e s  depending upon t h e  pH (Hendr ickson and D a i g n a u l t ,  
1973).  I n  t h i s  manner, o x i d a t i o n  o f  HCN o r  CN' l o w e r s  t h e  o v e r a l l  c y a n i d e  
c o n t e n t  o f  t h e  system. 

13.3.3 Hydrolysis/Saponification o f  HCN 

As t h e  system pH f a l l s ,  HCN can be h y d r o l y z e d  by a  d i f f e r e n t  r o u t e  t o  
fo rm formate ,  e i t h e r  f o r m i c  a c i d  o r  ammonium fo rma te  by:  

HCN + 2H20 + NH4.COOH (ammonium fo rma te )  
o r  

( 5 )  

HCN + 2H20 + NH3 + H.COOH ( f o r m i c  a c i d )  (6) 

The system pH w i l l  de te rm ine  t h e  e x t e n t  o f  f o r m a t i o n  o f  each compound, a  l o w e r  
pH f a v o r i n g  f o r m i c  a c i d  f o r m a t i o n .  T h i s  fo rm o f  h y d r o l y s i s  has been r e f e r r e d  
t o  as "sapon i  f i c a t i o n "  by  some workers ,  a1 though t h i s  te rm normal l y  r e f e r s  t o  
t h e  f o r m a t i o n  o f  soapy compounds o r  f a t t y  soaps ( s t e a r a t e s ,  e t c . ) .  

13.3.4 Aerob ic  B i o d e g r a d a t i o n  o f  HCN 

Under a e r o b i c  c o n d i t i o n s  w i t h i n  t h e  upper,  o x i d i z e d  p o r t i o n s  o f  t h e  
heap, b i o l o g i c a l  p rocesses may consume hydrogen c y a n i d e  and genera te  hydrogen 
cyana te  as shown i n  Equa t ion  7  ( T o w i l l  e t  a1 ., 1978). The hydrogen cyana te  i s  
i n  t u r n  h y d r o l y z e d  i n t o  ammonia and ca rbon  d i o x i d e  (Equa t ion  4 ) .  

?HCN + 02 + enzyme -2HCNO ( 7  

HCNO + Hz0 NH3 + C02 ( 4 )  

As i n d i c a t e d  i n  Equa t ion  7, t h i s  process r e q u i r e s  an enzyme, b u t  i s  o t h e r w i s e  
i d e n t i c a l  t o  t h e  o x i d a t i o n  r e a c t i o n  shown i n  Equa t ion  3. 

13.3.5 Format ion  o f  Th iocyana tes  

Th iocyana te  i o n s  (CNS-) can be formed by  t h e  r e a c t i o n  between c y a n i d e  
and any s u l  f u r  spec ies  such as s u l  f i d e ,  hydrogen s u l  f i d e ,  o r  t h i o s u l  f a t e .  
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Thiocyanate w i l l  be a  common cyanide spec ies i n  a  heap c o n t a i n i n g  s u l f i d e  ore,  
o r  i n  heaps p laced  upon s u l  f i d e - r i c h  bedrock. 

As such, t h i ocyana te  f o rma t i on  depends more upon m i n e r a l o g i c  c o n d i t i o n s  
than  on pH and Eh, and can occur  anywhere i n  a  heap environment w i t h  a v a i l a b l e  
s u l f u r  spec ies.  Examples o f  t h i ocyana te  fo rm ing  r e a c t i o n s  i n c l u d e  t h e  
f o l  l o w i n g  equat ions:  

I n  o x i d i z e d  p o r t i o n s  o f  t h e  heap environment,  t h e  ~ 0 ~ ~ -  formed i n  
Equat ion 9  w i l l  r e a c t  w i t h  oxygen t o  form s u l f a t e    SO^^-). 

Th iocyanate i s  a  r e l a t i v e l y  s t a b l e  and l e s s  t o x i c  form o f  cyanide,  and 
t h i ocyana te  f o rma t i on  i s  an e f f e c t i v e  way o f  removing cyanide from the  heap 
environment.  However, i n  heaps w i t h  e l eva ted  s u l  f i d e  concen t ra t ions ,  a c i d i c  
c o n d i t i o n s  can form which i n  t u r n  can i n f l u e n c e  t h e  cyanide geochemistry. As 
descr ibed  above, a c i d i c  c o n d i t i o n s  w i l l  f a v o r  t h e  h y d r o l y s i s  o f  CN- t o  HCN. 
A c i d i c  c o n d i t i o n s  may a1 so cause t h e  d i s s o c i a t i o n  o f  heavy metal  -cyanide 
complexes and compounds, r e s u l t i n g  i n  t h e  increased mob i l  i t y  o f  some heavy 
meta ls  and c r e a t i n g  p o t e n t i a l  heavy meta l  con tamina t ion  problems. 

13.3.6 Simp1 e  Cyanide Compounds 

Cyanide forms s imp le  compounds ( i .e. ,  s imp le  s a l t s )  w i t h  s i n g l e  i ons  o f  
c e r t a i n  meta ls .  I n  s o l u t i o n ,  these  s imp le  cyan ide  compounds i o n i z e  and produce 
f r e e  metal  c a t i o n s  and cyanide.  An exarnple o f  t h i s  t ype  o f  r e a c t i o n  i s  shown 
i n  Equat ion 10. 

NaCN --t ~ a +  + CN' (10) 

Some o f  t h e  meta l  cyan ide  compounds commonly found i n  a  heap environment 
a r e  l i s t e d  i n  Table  13.1. Obv ious ly  t h e  presence and r e l a t i v e  abundance o f  any 
o f  these compounds depends upon t h e  compos i t i on  and minera logy  o f  t h e  o r e  i n  
t h e  heap and t h e  u n d e r l y i n g  bedrock. 

As i n d i c a t e d  on Table  13.1, t h e  s o l u b i l i t y  o f  s imp le  cyanide compounds 
ranges from r e a d i l y  s o l u b l e  t o  f a i r l y  i n s o l u b l e .  Gene ra l l y  speaking, a1 1  
s impl  e  cyan ide  compounds a r e  r e1  a t i v e l  y non- tox ic ,  and t h e  f o rma t i on  o f  s impl  e  
cyan ide  compounds i s  ano ther  n a t u r a l l y  o c c u r r i n g  geochemical process t h a t  
removes t o x i c  cyanide spec ies  f rom the  heap environment.  However, t h e  s o l u b l e  
s imp le  cyan ide  compounds such as NaCN, KCN, Ca(CN)2 and Hg(CN)2 d i s s o c i a t e  
r e a d i l y  i n  s o l u t i o n  and produce cyanide i ons  (Equat ion 10). A t  pH va lues lower  
than 9.36, t h i s  i o n i c  cyan ide  w i l l  hydro lyze  and produce t o x i c  hydrogen 
cyanide (Equat ion 1) .  

13.3.7 Meta l  -Cyanide Complex Ions  

Cyanide can a l s o  r e a c t  w i t h  me ta l s  t o  form meta l -cyanide complexes. 
Meta l -cyanide complex i o n s  form as t h e  p roduc ts  o f  t h e  r e a c t i o n  between t h e  
i n s o l u b l e  cyanide compounds and excess cyanide ions .  Equat ion 11 i s  an example 
o f  t h i s  t ype  o f  r e a c t i o n .  
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TABLE 13.1 

RELATIVE STABILITY OF METAL CYANIDE COMPOUNDS AND COMPLEXES IN  WATER 

(LISTED IN APPROXIMATE ORDER OF INCREASING STABILITY) 

CYANIDE SPECIES EXAMPLES PRESENT I N  THE HEAP ENVIRONMENT 

1. Free Cyanide CN-, HCN 

2. Simple Cyanide Compounds 

a )  Read i l y  s o l u b l e  NaCN, KCN, Ca(CN)2, Hg(CN)z 

b )  Re1 a t i v e l y  i n s o l u b l e  Zn(CN)Z, CuCN, N i  (CN)z, AgCN 

3. Weak Metal  -Cyanide z ~ ( c N ) ~ ~ - ,  Cd(CN)3-, c ~ ( c N ) ~ ~ -  
Complexes 

4.  Moderate ly  S t rong  Meta l -  CU(CN)-Z, C U ( C N ) ~ ~ - *  Ni ( ~ ~ ) 4 ' - 9  Ag(CN)-2 
Cyanide Complexes 

5. S t rong  Metal-Cyanide F ~ ( c N ) ~ ~ - ,  F ~ ( c N ) ~ ~ - .  C O ( C N ) ~ ~ - ,  AU (CN)-2, H ~ ( c N ) ~ ~ -  
Compl exes 

Mod i f i ed  a f t e r  H u i a t t  e t  a l . ,  1982; and B r i c k e l l ,  1981. 

As shown on Table 13.1, some o f  these meta l -cyanide complexes a re  
r e l a t i v e l y  t o  excep t iona l  l y  s t a b l e  ( i  e . ,  i n s o l u b l e )  , whereas o t h e r s  i o n i z e  
r e a d i l y  and form CN-, which i n  t u r n  hydro lyzes  t o  form HCN (Equat ion 1 ) .  

As w i t h  t he  s imple cyanide compounds, t h e  t o x i c i t y  o f  meta l  cyanide 
complexes i s  due t o  p roduc t i on  o f  HCN as a  d i s s o c i a t i o n  and h y d r o l y s i s  
product .  However, copper- and s i  1  ver -cyanide complexes i n  t h e i r  und i  s soc i  a ted  
forms appear t o  be t o x i c  t o  f i s h  (Gannon, 1981). Al though t h e  i ron -cyan ide  
complexes a re  q u i t e  i n s o l u b l e ,  t hey  may be dest royed through p h o t o l y s i s  
( r e a c t i o n  w i t h  u l t r a v i o l e t  r a d i a t i o n )  the reby  r e l e a s i n g  i o n i c  cyanide (CN'). 
The r a t e  o f  p h o t o l y s i s  i s  h i g h l y  v a r i a b l e  depending upon s i t e  cond i t i ons .  
Photodecomposi t i o n  o f  i ron -cyan ide  complexes may be negl  i g i  b l e  i n  deep, 
t u r b i d ,  o r  shaded waters,  o r  w i t h i n  t h e  i n t e r i o r  o f  a  heap. 

Data developed r e c e n t l y ,  however, i n d i c a t e  t h a t  t h e  " t . r a d i t i o n a l U  
exp lana t i on  o f  weak and s t r o n g  meta l  complexes, w h i l e  t h e o r e t i c a l l y  c o r r e c t ,  
may no t  be t o t a l l y  a p p l i c a b l e  i n  na tu re .  Work by Ridgeway Min ing  Company 
(Smith, 1987) i n d i c a t e s  t h a t  t h e  s t a b i l i t y  o f  copper and c o b a l t  cyanides 
appears t o  be a  f u n c t i o n  o f  t h e  concen t ra t i on  o f  cyanide i n  s o l u t i o n ,  as 
suggested by  t h e  data on Table  13.2. 

The o r i g i n a l ,  h i gh  pH s o l u t i o n  has copper and c o b a l t  as cyanide 
compl exes, bo th  i ons  be ing i n s o l u b l e  compared t o  t h e i r  observed 1  eve1 s  o f  
occurrence i n  such a1 k a l i n e  cond i t i ons .  As t h e  cyanide l e v e l s  decrease due t o  
degradat ion,  t h e  copper and c o b a l t  va lues d rop  d r a m a t i c a l l y  as t h e  s o l u b i l  i t y  
c o n t r o l  changes from cyanide compl e x a t i o n  t o  s o l u t i o n  pH. These changes cannot 
be exp la ined  by d i l u t i o n  alone. The copper and c o b a l t  complexes appear n o t  t o  
be s t a b l e  under these cond i t i ons .  
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FIGURE 13.2 

THE RELATIONSHIP BETWEEN HCN AND CN WITH PH 
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TABLE 13.2 

TIME/CYANIDE CONCENTRATION DEPENDENCY OF COPPER AND COBALT CYANIDE 

I N  THE TAILINGS SUPERNATANT SOLUTION 

ORIGINAL TAILINGS RINSED SAMPLE RINSED SAMPLE 
PARAMETER SUPERNATANT TIME 1 TIME 2  

T o t a l  cyan ide  170 
4  08 

Free cyan ide  170 
408 

Coba l t  

Copper 

13.3.8 Anaerobic B iodegrada t ion  

Anaerobic b i o d e g r a d a t i o n  o f  cyan ide and hydrogen cyan ide i s  r e s t r i c t e d  
t o  t h e  modera te ly  t o  s t r o n g l y  reduced p o r t i o n s  o f  t h e  heap env i ronment  ( F i g u r e  
13.2), and can o n l y  occur  i f  HS- o r  H z S ( ~ ~ )  a r e  p resen t .  (The s u l f u r  spec ies  
p resen t  w i l l  depend on pH. A t  a  pH va lue  g r e a t e r  than  7, HS- i s  t h e  dominant 
spec ies .  A t  a  lower  pH, HzS(,~) w i l l  be p resen t ) .  Equat ions 12 and 13 
i 11 u s t r a t e  t h e  anaerob ic  b i o d e g r a d a t i o n  o f  cyanide.  

CN- + HzS(,~) HCNS + H' (12)  

HCN + HS- -HCNS + H+ (13 

The HCNS w i l l  t hen  h y d r o l y z e  t o  form NH3, H2S and C02 (Schmidt  e t  a1 . , 1981). 

13.3.9 Format ion o f  HCN Polymers 

There i s  a  growing body o f  da ta  i n d i c a t i n g  t h a t ,  under n a t u r a l  
c o n d i t i o n s  i n  o r  below heap l e a c h  o p e r a t i o n s  o r  t a i l i n g s  f a c i l i t i e s ,  HCN can 
form polymers. A l though t h i s  may be based on t h e o r e t i c a l  c o n s i d e r a t i o n s  o f  t h e  
behav io r  o f  1  i q u i d  HCN, i t  i s  known t h a t  HCN i n  t h e  presence o f  t r a c e  amounts 
o f  ammonia can form adenine ( C 5 ~ 5 N 5 ) ,  a b iochemica l  l y  i m p o r t a n t  molecu le  t h a t  
occurs  i n  DNA and RNA. T h i s  r e a c t i o n  i s  n o t  shown on F i g u r e  13.1. However, t h e  
env i ronmenta l  e f f e c t  o f  cyan ide p o l y m e r i z a t i o n  would be t o  remove cyan ide f rom 
s o l u t i o n  by fo rm ing  i n s o l u b l e  polymers. 
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13.4 SUMMARY OF THE ENVIRONMENTAL EFFECTS OF CYANIDE IN AN ABANDONED HEAP 

As d iscussed  i n  t h e  p r e c e d i n g  s e c t i o n s  and as  shown o n  F i g u r e  13.1, 
numerous c y a n i d e  spec ies  e x i s t  w i t h i n  an abandoned heap env i ronment .  Many o f  
t h e  c y a n i d e  spec ies  p r e s e n t  a r e  n o t  h i g h l y  t o x i c  and a r e  r e l a t i v e l y  s t a b l e  
complexes o r  compounds under most c o n d i t i o n s .  Some cyan ide  spec ies ,  however, 
a r e  n o t  s t a b l e  and r e a c t  w i t h  t h e  env i ronment  t o  produce HCN, t h e  t o x i c  fo rm 
o f  cyan ide .  

As d e s c r i b e d  above, t h e r e  a r e  a  number o f  p o t e n t i a l  n a t u r a l l y  o c c u r r i n g  
geochemical r e a c t i o n s  w i t h i n  t h e  heap env i ronment  wh ich degrade HCN i n t o  1  ess 
t o x i c  o r  n o n t o x i c  compounds. Thus w i t h  t ime ,  t h e  heap env i ronment  tends t o  be 
s e l f - n e u t r a l i z i n g ,  and t h e  HCN c o n c e n t r a t i o n  w i l l  decrease.  

E n g l e h a r d t  (1985)  documented t h a t  i n  an a c t i v e  heap c o n t a i n i n g  s i l v e r -  
l e a d  o r e  t a i l i n g s ,  t h e  m o l e c u l a r  hydrogen c y a n i d e  (HCN) c o n t e n t  i n  t h e  
s o l u t i o n s  e n t r a i n e d  i n  t h e  heap decreases r a p i d l y  due t o  n a t u r a l  degrada t ion .  
Based upon d a t a  c o l l e c t e d  a t  r e g u l a r  i n t e r v a l s  f o r  one and one-ha1 f years ,  
r o u g h l y  85 p e r c e n t  o f  t h e  o r i g i n a l  cyan ide  c o n t e n t  d i s s i p a t e d  o r  degraded by 
n a t u r a l  processes w i t h i n  18 months. Cyanide d e s t r u c t i o n  i n  t h i s  heap o c c u r r e d  
as a  r e s u l t  o f  f i r s t  o r d e r  chemica l  r e a c t i o n s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  
o f  t h e  r e s i d u a l  c y a n i d e  i n  t h e  heap. E x t r a p o l a t i o n  o f  these  da ta  suggest  t h a t  
t h e  cyan ide  i n  t h i s  heap would be t o t a l l y  des t royed  i n  l e s s  t h a n  f o u r  years  
f o l  l o w i n g  c l o s u r e .  

More r e c e n t l y ,  Chatwin e t  a1 . (1987) on b e h a l f  o f  Dupont, has produced a  
Phase 1 r e p o r t  o f  a  s t u d y  on t h e  a t t e n u a t i o n  o f  cyan ide.  T h e i r  i n t e r i m  
c o n c l u s i o n s  suggest  t h e  m a j o r  mechanisms f o r  cyan ide  r e d u c t i o n  i n  t h e  vadoze 
( u n s a t u r a t e d )  zone w i l l  be v o l a t i z a t i o n ,  chemica l  r e a c t i o n  o r  a d s o r p t i o n  w i t h  
s o i l s / r o c k s  i n  t h i s  zone and, poss'i b l y ,  b i o d e g r a d a t i o n .  I n  a d d i t i o n ,  t h o s e  
m a t e r i a l s  wh ich a t t e n u a t e d  c y a n i d e  i n  t h e i r  t e s t s  c o n t i n u e d  t o  be e f f e c t i v e  a t  
t h e  50 po re  volume s t a g e  when t h e  t e s t s  were h a l t e d .  

13.4.1 Cyanide N e u t r a l  i z a t i o n  Requi rements f o r  Spent Heaps 

R e g u l a t o r y  o f f i c i a l s  from 14 s t a t e s  were ques t ioned  abou t  t h e i r  s t a t e ' s  
r e g u l a t i o n s  c o n c e r n i n g  maximum r e s i d u a l  c y a n i d e  c o n c e n t r a t i o n s  i n  spent  heaps. 
Tab le  13.3 l i s t s  t h e  s t a t e s  and t h e  r e g u l a t o r y  agenc ies  c o n t a c t e d  and Tab le  
13.4 summarizes t h e  r e s u l t s  o f  t h e  survey.  

A  wide d i v e r s i t y  o f  responses was r e c e i v e d  i n  t h i s  survey.  No two s t a t e s  
have i d e n t i c a l  r e g u l a t i o n s .  However, some g e n e r a l i z a t i o n s  about  t h e  su rvey  
d a t a  can be made. Most s t a t e s  took  one o f  t h e  f o l l o w i n g  approaches:  

S t r i c t  adherence t o  a  u n i v e r s a l l y  app l  i c a b l  e  cyan ide  d e t o x i f i c a t i o n  
s tandard  ( g e n e r a l l y  t h e  EPA d r i n k i n g  wa te r  g u i d e l i n e  o f  0.2 mg/l 
t o t a l  c y a n i d e ) ;  and 
E s t a b l i s h  p e r m i t  c o n d i t i o n s  on a  case-by-case b a s i s  depending on 
s i t e - s p e c i f i c  c o n d i t i o n s .  

I n  most s t a t e s ,  c y a n i d e  n e u t r a l i z a t i o n  c r i t e r i a  a r e  s p e c i f i e d  i n  t h e  
"ze ro -d i scharge"  wa te r  qua1 i ty  p e r m i t  r e q u i r e d  t o  b u i l d  and o p e r a t e  a  heap 
l e a c h  f a c i l i t y .  I n  a d d i t i o n  t o  n e u t r a l i z a t i o n  requ i rements ,  t h e s e  p e r m i t s  a l s o  
s p e c i f y  des ign,  c o n s t r u c t i o n ,  o p e r a t i o n a l ,  and m o n i t o r i n g  c r i t e r i a .  
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TABLE 13.3 

STATE AGENCIES CONTACTED FOR THIS SURVEY 

STATE ORGANIZATION 

A1 as ka 

A r i zona  

Cal i f o r n i a  

Co lorado 

Idaho 

Montana 

Nevada 

New Mexico 

N o r t h  Dakota 

Oregon 

South  C a r o l i n a  

South  Dakota 

Utah 

Washi ng ton  

Wyomi ng 

Dept. o f  Env i ronmenta l  Conserva t i on  (907/425-1714) 

S t a t e  Mine I n s p e c t o r ' s  O f f i c e  (6021255-5971) 

Southern  aho on tan Region Water Qual  i t y  C o n t r o l  Board 
(6191245-6583) 
N o r t h e r n  Lahontan Region Water Q u a l i t y  C o n t r o l  Board 
(916/544-3481) 

Co lorado R i v e r  Bas in  Region Water Q u a l i t y  C o n t r o l  Board 
(6191346-7491) 

Dept. o f  N a t u r a l  ResourcesIMined Land Rec lamat ion  D iv .  
(3031866-3567) 

Dept. o f  H e a l t h  and W e l f a r e  D i v i s i o n  o f  Environment 
(208/334-4784) 

Dept. o f  S t a t e  Lands (4061444-2074) 

Dept. o f  Conserva t i on  and N a t u r a l  Resources /D iv i s ion  
o f  Envi  ronmental  P r o t e c t i o n  (7021885-4670) 

Groundwater S e c t i o n  New Mexico Env i ronmenta l  Improvement 
D i v i s i o n  

H e a l t h  Dept. - Water Supp ly  and P o l l u t i o n  C o n t r o l  
(7011224-2354) 

Dept. o f  Env i ronmenta l  Qua l  i t y  - Water Qual  i t y  D i v i s i o n  
(5031229-5325) 

South C a r o l i n a  Land Resources Commission D i v i s i o n  o f  
M i n i n g  and Environment (803/758-2823) 

Department o f  Water and N a t u r a l  Resources 
(605/773-3151) 

D iv .  o f  Env i ronmenta l  H e a l t h I W a t e r  P o l l u t i o n  C o n t r o l  
(8011533-6146) 

D i v .  o f  Geology and E a r t h  Resources/Dept. o f  N a t u r a l  
Resources (206/459-6372) 

Water Q u a l i t y  D i v i s i o n  (3071777-7756) 
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TABLE 13.4 

SUMMARY OF STATE CYANIDE REGULATIONS SURVEY 

STATE 
CYANIDE 

REGULATIONS COMMENTS 

A r i z o n a  

C a l i f o r n i a  
N o r t h e r n  Lahontan 
Region 

Sou the rn  Lahontan 
Region 

Colorado R i v e r  
B a s i n  Region 

Colorado 

Idaho 

No s p e c i f i e d  
s t a n d a r d s  

0.2 mg/l  f r e e  CN- 

0.4 mg/ l  t o t a l  CN- 
0.2 mg/ l  f r e e  CN' 

0.2 mg / l  f r e e  CN' 

No s p e c i f i e d  
s t a n d a r d  ( p r e c e d e n t  
o f  10 mg/ l  f r e e  CN- 
f o r  M e s q u i t e )  

No s e t  s tandards  
( w i l l  be r e d r a f t i n g  
r e g u l a t i o n s )  

New r e g u l a t i o n s  
r e c e n t l y  adopted.  
N e u t r a l i z a t i o n  
r e q u i  rement based 
upon s i t e  c h a r a c t e r -  
i s t i c s  expressed i n  
te rms  o f  pH range o r  
f r e e  and /o r  WAD 
cyan i de 

No exper ience  w i t h  cyan ide  heap 
l e a c h  m i n i n g .  

S t a t e  h e a l t h  s tandards  o n l y .  
Assume z e r o  d i scha rge .  D iscourage  
h y p o c h l o r i t e  n e u t r a l i z a t i o n .  

S tandards  a p p l y  t o  r e m a i n i n g  
l i q u i d  i n  ponds, heaps, e t c .  A l s o  
have s o l i d s  e x t r a c t i o n  t e s t  o f  
l e s s  t h a n  4.0 mg t o t a l  CN'/kg 
spen t  o r e  and l e s s  t h a n  1.6 mg/kg 
f r e e  CN'/kg spen t  o r e .  

S tandard  a p p l i e s  t o  r e g i o n  
r e m a i n i n g  l i q u i d s  i n  ponds, heaps, 
e t c .  A l s o  have s o l i d s  e x t r a c t i o n  
s t a n d a r d  o f  10 mg t o t a l  CN'/kg 
t a i l i n g s .  

S t a t i s t i c a l  approach:  90 p e r c e n t  
o f  a t  l e a s t  10 samples must  
c o n t a i n  l e s s  t h a n  10 mg/ l  f r e e  
CN'; no sample can c o n t a i n  more 
t h a n  20 mg/l  f r e e  CN'. T e s t i n g  and 
sample pr0cedl l reS s p e c i f i e d  f o r  
5 : l  e x t r a c t i o n  per formed on a  
100 g  sample o f  l eached  o re .  

E v a l u a t e  each s i t e  f o r  qua l  i t y  o f  
r e c e i v i n g  s u r f a c e  and groundwater .  
Emphasize z e r o - d i s c h a r g e  d e s i g n  
c o n t r o l s  t o  ensure  conta inment .  

R e g u l a t i o n s  do n o t  s p e c i f y  one, 
u n i v e r s a l  CN' s tandard .  W i  11 
e v a l  u a t e  each s i  t e -p rox i rn i  t y  
t o  s u r f a c e  wa te r ,  qua l  i t y  o f  
r e c e i v i n g  water ,  e t c .  New 
r e g u l a t i o n s  i n c l u d e  a  bond ing  
r e q u i  rement . 
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TABLE 13.4 ( c o n ' t )  

SUMMARY OF STATE CYANIDE REGULATIONS SURVEY 

STATE 
CYANIDE 

REGULATIONS COMMENTS 

Montana 

Nevada 

Nor th  Dakota 

Oregon 

South Ca ro l i na  

South Dakota 

No s e t  s tandards 
(nondegradat ion 
r u l e )  

0.2 mg/l t o t a l  CN- 

No s e t  standards 
0.2 mg/l f r e e  CN- 
i s  a  " t a r g e t "  con- 
c e n t r a t i o n  (mos t 
opera t o r s  can ' t 
meet ) 

No s e t  standards 

No s e t  s tandards 
(Hai 1  e  precedent 
o f  10 mg/l f r e e  
CN- ) 

S t a t e  s tandard o f  
0.50 WAD cyanide 

Determined by q u a l i t y  o f  r e c e i v i n g  
water.  Nondegradat i o n  imp1 i es a  
d r i n k i n g  water s tandard (0.2 mg/l 
f ree  CN-) i f  high-qua1 i t y  
r e c e i v i n g  waters.  Permi ts  cou ld  be 
more l e n i e n t  f o r  l i n e d  f a c i l i t i e s  
w i t h  caps and d i v e r s i o n s  t o  
prevent  dra inage i n t o  streams. 

Not an e f f l u e n t  s tandard per se. 
W i l l  t a ke  i n t o  cons ide ra t i on  
a t t e n u a t i o n  and d i l u t i o n  ( i  .e., 
can have more than 0.2 mg/l t o t a l  
CN- i n  e f f l u e n t ) .  O r t i z  r i n s e  
t e s t :  100 l b  sample r i n s e d  w i t h  
one g a l l o n  f r e s h  water;  f i l t r a t e  
must be l e s s  than 100 ppm f r e e  
CN-. M igh t  accept  t h i s  f o r  o t h e r  
l i n e d  f a c i l i t i e s .  

Eva1 ua te  each s i t e  f o r  p r o x i m i t y  
t o  va l uab le  su r f ace  water  and 
mod i f y  " t a r g e t "  concen t ra t i on  
acco rd i ng l y .  R i s k i n g  and t e s t i n g  
procedures d i f f e r  f o r  agglomerated 
vs. nonagglomerated ore.  D is-  
courage h y p o c h l o r i t e  and/or 
perox ide.  

No heap 1  each mines. Woul d  
p robab ly  impose su r f ace  water 
q u a l i t y  standards,  

I n  t h e  process o f  d r a f t i n g .  

W i l l  eva lua te  each s i t e .  A f t e r  
c l osu re  heaps a t  H a i l e  w i l l  d r a i n  
i n t o  stream w/pH o f  4  and e l eva ted  
CN- con ten t .  

Measured i n  e f f l u e n t  corning o f f  o f  
heap - any method o f  d e t o x i f i -  
c a t i o n  acceptab le .  Mean o f  severa l  
samples must be l e s s  than o r  equal 
t o  0.50 WAD cyanide. 
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TABLE 13.4 ( c o n ' t )  

SUMMARY OF STATE CYANIDE REGULATIONS SURVEY 

STATE 
CYANIDE 

REGULATIONS COMMENTS 

Utah 

Was h i  n g t o n  

Wyomi ng 

No s e t  s tandards  
(Mercur  precedent  
o f  5 ppm f r e e  CN-) 

No s e t  s tandards  
( i n  process o f  
d r a f t i n g  r e g u l a -  
t i o n s )  

.02 mg/ l  f r e e  CN- 

Would l o o k  a t  Mercur p e r m i t  as a  
precedent ,  b u t  n o t  a  s tandard.  
Requ i re  double-1 i n e d  pads w/ l  eak 
d e t e c t i o n  system. Mercur uses 
permanent/expandabl e  pads ( i  .e., 
heaps wasted i n  s i t u ) .  

W i l l  p r o b a b l y  e v a l u a t e  each s i t e ,  
no measurable CN- a1 lowed i n  
e f f l u e n t  f rom r e c l a i m e d  
f a c i l  i t i e s .  

Based on q u a l i t y  o f  r e c e i v i n g  
water ,  e f f l u e n t  c a n ' t  exceed 
ambient  wa te r  q u a l i t y .  Would be 
more l e n i e n t  f o r  ze ro -d i scharge  
f a c i l i t i e s  ( i .e. ,  i f  no s u r f a c e  
o r  groundwater impac ts ) .  
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G e n e r a l l y  speaking,  most o f  t h e  s t a t e s  a d o p t i n g  a  d r i n k i n g  water  
g u i d e l i n e  as t h e i r  cyan ide  n e u t r a l i z a t i o n  c r i t e r i o n  do n o t  have many a c t i v e  
cyan ide  heap l e a c h  o p e r a t i o n s  and t h u s  do n o t  have much d i r e c t  exper ience w i t h  
heap l e a c h  technology.  I n  c o n t r a s t ,  t h e  s t a t e s  w i t h  severa l  a c t i v e  cyan ide  
heap l e a c h  p r o j e c t s  have opted f o r  t h e  more s i t e  s p e c i f i c  approach, g i v i n g  
some f l e x i b i l i t y  i n  d e t e r m i n i n g  p e r m i t  c o n d i t i o n s .  

Those s t a t e s  which do cons ide r  s i t e  s p e c i f i c i t y  i n  s e t t i n g  
n e u t r a l  i z a t i o n  requ i rements  and o t h e r  p e r m i t  c o n d i t i o n s  general  l y  t r y  t o  
s e l e c t  r e c l a m a t i o n  procedures and n e u t r a l i z a t i o n  and abandonment requ i rements  
a p p r o p r i a t e  f o r  t h e  p r o j e c t  s i t e .  When s i t e  c o n d i t i o n s  a r e  taken i n t o  
c o n s i d e r a t i o n ,  i t  becomes apparent  i n  many cases t h a t  i t  i s  i m p r a c t i c a l  and 
unnecessary t o  impose d r i n k i n g  wa te r  g u i d e l i n e s  on t h e  r i n s a t e  from a  
d e t o x i f i e d  heap. The env i ronmenta l  s e n s i t i v i t y  o f  t h e  p r o j e c t  s i t e  may n o t  
w a r r a n t  such s t r i n g e n t  requ i rements .  Furthermore,  i t  may be c o s t l y ,  i f  n o t  
imposs ib le ,  t o  n e u t r a l i z e  t o  a  d r i n k i n g  wa te r  g u i d e l i n e .  

I n  e v a l u a t i n g  a  p r o j e c t  and d e t e r m i n i n g  p e r m i t  c o n d i t i o n s ,  most o f  t h e  
s t a t e s  w i t h  exper ience  i n  heap 1  each o p e r a t i o n s  were more concerned w i t h  
cyan ide  conta inment  than w i t h  s p e c i f i c  cyan ide  c o n c e n t r a t i o n s  rema in ing  i n  t h e  
heap. These s t a t e s  emphasize e n g i n e e r i n g  parameters such as 1  i n e r  
s p e c i f i c a t i o n s  and h y d r o l o g i c  ( f l o o d  c o n t r o l )  des ign  c r i t e r i a .  Some o f  t h e  
more exper ienced s t a t e s  a l s o  s p e c i f y  d e t a i l e d  procedures f o r  heap r i n s i n g ,  
r i n s a t e  sampl ing and a n a l y t i c a l  t e s t i n g .  

There i s  a l s o  no consensus among t h e  s t a t e s  surveyed concern ing  t h e  
cyan ide  spec ies  s p e c i f i e d  i n  t h e  r e g u l a t i o n s  o r  p e r m i t  c o n d i t i o n s .  Some o f  t h e  
s t a t e s  express t h e i r  cyan ide requ i rements  i n  terms o f  f r e e  cyan ide,  whereas 
o t h e r s  have s tandards d e f i n e d  i n  terms o f  t o t a l  cyan ide.  A t  l e a s t  one s t a t e  
( Idaho)  i n c l u d e s  weak a c i d  d i s s o c i a b l e  cyan ide i n  i t s  r e g u l a t i o n s .  Some s t a t e s  
a1 so express n e u t r a l  i z a t i o n  requ i rements  as a  range o f  pH va lues i n  1  i e u  o f  a  
s p e c i f i e d  cyan ide  l e v e l .  

As shown on Table  13.4, some s t a t e s  a r e  i n  t h e  process o f  e s t a b l i s h i n g  
o r  r e d r a f t i n g  cyan ide  n e u t r a l  i z a t i o n  requ i rements  f o r  spent  cyan ided heaps. I n  
most cases, t h i s  a c t i o n  has been prompted by t h e  i n c r e a s i n g  number o f  p e r m i t  
a p p l i c a t i o n s  f o r  p rec ious  meta l  cyan ide heap l e a c h  o p e r a t i o n s .  The changing 
r e g u l a t o r y  atmosphere i s  i n  d i r e c t  response t o  t h e  i n c r e a s i n g  use o f  heap 
l e a c h  techn iques.  

Coupled w i t h  t h e  r e g u l a t i o n s  i n  severa l  s t a t e s  i s  a  bonding a u t h o r i t y  
govern ing  heap l e a c h  p r o j e c t s .  Heap l e a c h  o p e r a t o r s  i n  these  s t a t e s  a r e  
r e q u i r e d  t o  o b t a i n  a  bond t o  cover t h e  c o s t  o f  r i n s i n g  and d e t o x i f y i n g  t h e  
heaps, and r e l e a s e  o f  t h i s  bond i s  t i e d  t o  n e u t r a l i z i n g  t h e  spent  heaps t o  a  
s p e c i f i e d  s tandard.  

An unders tand ing  o f  cyan ide geochemis t ry  i s  a  p r e r e q u i s i t e  t o  
e s t a b l  i s h i n g  r e a l  i s t i c  cyan ide  d e t o x i  f i c a t i o n  s tandards f o r  abandoned heap 
l e a c h  p r o j e c t s .  Environmental  r e g u l a t i o n s  should  c o n s i d e r  t h e  s e l  f- 
n e u t r a l i z a t i o n  p o t e n t i a l  o f  an i n a c t i v e  heap, t h e  ephemeral n a t u r e  o f  
m o l e c u l a r  hydrogen cyanide,  and t h e  env i ronmenta l  s e n s i t i v i t y  o f  a  g i ven  
p r o j e c t .  More s t r i n g e n t  requ i rements  should  be reserved  f o r  p r o j e c t s  w i t h  
nearby, downgradient  f i s h a b l e  streams o r  p o t a b l e  s u r f a c e  and groundwater 
suppl  i e s .  
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A p p l i c a t i o n  o f  a  cyanide d r i n k i n g  water g u i d e l i n e  on t h e  r i n s a t e  f rom a  
n e u t r a l  i z e d  heap i s  n e i t h e r  r e a l  i s t i c a l  l y  ach ievab le  no r  necessary i n  o r d e r  t o  
p r o t e c t  su r f ace  and groundwater resources i n  n e a r l y  a l l  s i t u a t i o n s  i n  our  
exper ience.  Based upon a  c o n s i d e r a t i o n  o f  s i t e  c o n d i t i o n s  i n c l u d i n g  t h e  
a t t e n u a t i n g  p r o p e r t i e s  o f  s i t e  s u b s o i l s  and bedrock, the  d i s t ance  t o  t he  
nea res t  p o t e n t i a l  su r f ace  demonstrated t h a t  water  g u i d e l i n e s  a re  ma in ta ined  
f o r  these r e c e i v i n g  waters  when h i ghe r  r e s i d u a l  cyanide l e v e l s  a re  a l lowed i n  
t h e  d e t o x i f i e d  heaps. 

As more heap l each  m in i ng  pe rm i t  a p p l i c a t i o n s  a re  reviewed and processed 
by r e g u l a t o r y  agencies, more changes i n  t h e  r e g u l a t o r y  environment a f f e c t i n g  
p rec i ous  metal  heap l each  p r o j e c t s  can be expected. Wi th  increased exper ience 
i n  heap l e a c h  opera t ions ,  and a  broadening awareness o f  t h e  s h o r t -  and long-  
term e f f e c t s  o f  cyanide and t h e  behav ior  o f  cyanide i n  t h e  heap l each  
environment,  more s t a t e s  hopefu l  l y  w i  11 adopt t h e  s i  t e - b y - s i t e  approach t o  
e s t a b l i s h i n g  cyanide n e u t r a l i z a t i o n  requi rements .  
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