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DETERMINATION OF CYANIDE IN SOIL AND GROUNDWATER 
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ABSTRACT 

An automated photometric determination of cyanide is described based on the K6nig 

reaction with chloramine-T and isonicotinic acid-barbituric acid reagent. The method 

includes ultra-violet irradiation and phosphoric acid distillation to liberate cyanide 

from the sample. With this procedure stable cyanide compounds like iron(II1)cyanlde 

and thiocyanate are completely converted. In the range of 0-100 p q / l  CN 20 samples 

per hour can be analyzed with a standard deviation of 1.3 pg/l. 

Also a procedure is described to release cyanide from solid samples. The samples are 

distilled from hydrochloric acid medium in the presence of Cu(1)Ions. The distilled 

cyanide is then measured photometrically. Thiocyanate is not measured in this 

procedure. 

INTRODUCTION 

Several methods exist for the determination of cyanide ( 1 ) .  Most of them include a 

distillation/digestion stage, in which the cyanide is liberated from the sample. The 

aim of this procedure is to avoid possible interferences from other substances present 

in the sample. The d i s t i l l e d  cyanide is collected in an alkaline absorption solution 

and can be determined titrimetrically, potentiometrically or photometrically. Because 

of the greater sensitivity the latter method was chosen. 

The photometric procedures, which are qenerally used are all based on the Kijnig (2) 

reaction, where cyanide reacts as cyanoqen halide with pyridine or pyridine derivates 

to form a conjugated dialdehyde, glutonic aldehyde. 

The latter is then coupled with a primary amine or a compound containing reactive 

methylene groups ( R H Z )  to yield a polymethine dye. 

Nagashima ( 3 )  recently described a procedure in which chloramine-T is used to form 

cyanogen chloride which reacts with isonicotinic acid and barbituric acid. 
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The u s e  of p y r i d i n e ,  which is  u n p l e a s a n t  and n o x i o u s  i n  r o u t i n e  work, is  u n n e c c e s a r y  

i n  t h i s  approach ,  g i v i n g  p r e f e r e n c e  t o  t h i s  p r o c e d u r e  over e s t a b l i s h e d  methods l i k e  

t h e  p y r i d i n e - b a r b i t u r i c  a c i d  method and t h e  p y r i d i n e - p y r a z o l o n e  method. A s l i g h t  

d e c r e a s e  i n  s e n s i t i v i t y  and a somewhat cumbrous p r e p a r a t i o n  of t h e  i s o n i c o t i n i c  

a c i d - b a r b i t u r i c  a c i d  r e a g e n t  must  be c o n s i d e r e d .  

N e v e r t h e l e s s  e x p e r i m e n t s  were c a r r i e d  o u t  t o  e v a l u a t e  an au tomated  d e t e r m i n a t i o n  o f  

c y a n i d e  b a s e d  on t h e  method d e s c r i b e d  by Nagashima. The d e t e r m i n a t i o n  s h o u l d  be able 

t o  d e t e c t  c y a n i d e  c o n c e n t r a t i o n s  i n  t h e  r a n g e  f rom 0 t o  100 u g / l  i n  o r d e r  t o  be used 

f o r  i n t e n d e d  r o u t i n e  d e t e r m i n a t i o n  i n  groundwater  and s u r f a c e  w a t e r .  

The s u i t a b i l i t y  of u l t r a - v i o l e t  i r r a d i a t i o n  a s  a means t o  r e l e a s e  c y a n i d e  from s t a b l e  

c y a n i d e  compounds w a s  a l s o  i n v e s t i g a t e d  ( 4 ) .  

I n  a d d i t i o n ,  a wet-chemical  d i g e s t i o n  p r o c e d u r e  f o r  t h e  l i b e r a t i o n  of  c y a n i d e  from 

s o l i d  s a m p l e s  was t e s t e d  (5 ,6) .  

MATERIAL 

A Technicon  Auto A n a l y s e r - I 1  s y s t e m  c o n s i s t i n g  of  a sampler pump, a d i s t i l l a t i o n  

u n i t ,  a m a n i f o l d ,  a colorimeter and a r e c o r d e r  was used  ( f i g .  1 ) .  The m a n i f o l d  

i n c o r p o r a t e d  a n  u l t r a - v i o l e t  d i g e s t o r  and a h e a t i n g  b a t h  (G-coi l ,  37'C). The sampler  

was equipped  w i t h  a 20 HR-2/1 cam. The d i s t i l l a t i o n  u n i t  was o p e r a t e d  a t  a t e m p e r a t u r e  

o f  125'C. The colorimeter was f i t t e d  w i t h  a 50 mm f l o w  cell  and a 600 nm f i l t e r .  

For t h e  l i b e r a t i o n  of c y a n i d e  from s o l i d  s a m p l e s  a r e f l u x / d i s t i l l a t i o n  a p p a r a t u s  was 

used.  The l i b e r a t e d  c y a n i d e  was t r a p p e d  under  s u c t i o n  i n  an a b s o r p t i o n  v e s s e l  

c o n t a i n i n g  a s o l u t i o n  of sodium hydroxide .  

REAGENTS 

A l l  c h e m i c a l s  w e r e  of a n a l y t i c a l  g rade .  S o l u t i o n s  w e r e  p r e p a r e d  w i t h  d e i o n i z e d  

water .  

- Cadmium s u l p h a t e  s o l u t i o n  by d i s s o l v i n g  1 q o f  CdS04.8H20 i n  100 m l  w a t e r .  

- C o p p e r ( I 1 ) s u l p h a t e  s o l u t i o n  by d i s s o l v i n g  50  g of CuS04 5H20 i n  250 m l  w a t e r .  

- Sodium h y d r o x i d e  0.1 N. 

- H y d r o c h l o r i c  a c i d  c o n c e n t r a t e d .  

- T i n ( I 1 )  c h l o r i d e  s o l u t i o n  by d i s s o l v i n g  50  g of SnC125H20 i n  100 m l  0.5 N 

h y d r o c h l o r i c  a c i d .  

- I s o n i c o t i n i c  a c i d  - b a r b i t u r i c  a c i d  r e a g e n t  by d i s s o l v i n g  1.7 g of  

i s o n i c o t i n i c  a c i d  C 6 H 5 N 0 2 ,  1.7 g of b a r b i t u r i c  a c i d ,  C 4 H 4 N 2 0 3  and  1.2 g 

of sodium h y d r o x i d e  i n  250  m l  w a t e r .  Adjustment  of  t h e  pH t o  approx .  6.5 w i t h  2 N 

HC1. S t o r a g e  of  t h e  s o l u t i o n  i n  a n  amber c o l o u r e d  bottle. 

- Chloramine  - T s o l u t i o n  by d i s s o l v i n q  0.5 g of c H c1maO2S.3H20 i n  250 m l  
7 7  

water .  A f r e s h  s o l u t i o n  o f  t h i s  r e a g e n t  h a s  t o  be  p r e p a r e d  d a i l y .  
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- P h o s p h a t e  b u f f e r  by d i s s o l v i n g  13.6 g of KH2P04 and  0.34 g of K2HP04.3H20 

i n  1000 m l  o f  1 1 w a t e r  ( t h i s  s o l u t i o n  s h o u l d  have a pH of 5.5). Add 0.5 m l  o f  B r i j -  

35 d e t e r g e n t  and mix. 
- P h o s p h o r i c  a c i d  50%. 

PROCEDURE 

P h o t o m e t r i c  d e t e r m i  n a t i o n  o f  c y a n i d e .  

B u i l d  up t h e  A u t o  A n a l y s e r  s y s t e m  a c c o r d i n g  t o  t h e  f l o w  scheme p r e s e n t e d  i n  f i g .  1. 

S t a r t  t h e  a n a l y s i s  by f e e d i n g  w a t e r  a t  f i r s t  and t h e n  t h e  r e a g e n t s  t h r o u g h  t h e  system. 

L e t  t h e  s y s t e m  s t a b i l i z e  f o r  approx.  20 m i n u t e s  b e f o r e  a d j u s t i n g  t h e  b a s e l i n e .  

C a l i b r a t e  t h e  colorimeter f o r  t h e  h e i g h e s t  s c a l e  r e a d i n g  w i t h  a s t a n d a r d  s o l u t i o n  of 

100 pg/l CN. S e t  up a c a l i b r a t i o n  c u r v e  by m e a s u r i n g  s t a n d a r d  s o l u t i o n s  of  1 0 ,  20, 

40, 60, 8 0  and  100 vg/1 CN r e s p e c t i v e l y .  

P r e t r e a t m e n t  of s o l i d  samples. 

Make u s e  o f  a r e f l u x / d i s t i l l a t i o n  a p p a r a t u s  of  t h e  d imens ions  shown i n  f i g .  2. 

P i p e t  15 m l  0 , l  N sodium h y d r o x i d e  i n t o  t h e  a b s o r p t i o n  v e s s e l  b e f o r e  c o n n e c t i n g  it t o  

t h e  d i s t i l l a t i o n  b r i d g e .  Weigh 1-10 g sample  i n t o  t h e  roundbot tom and add 100 m l  

w a t e r .  Connect  t h e  condensor ,  t h e  tap f u n n e l  and t h e  g a s  i n l e t  t u b e ;  a p p l y  h e a t i n g  and 

s u c t i o n .  Add t h r o u g h  t h e  t a p  f u n n e l  r e s p .  15 m l  c o n c e n t r a t e d  H C I ,  10 m l  c o p p e r  

s u l p h a t e  s o l u t i o n  and  2 m l  t i n  c h l o r i d e  s o l u t i o n .  I f  t h e  sample  c o n t a i n s  s u l p h i d e ,  1 

m l  cadmium s u l p h a t e  s o l u t i o n  s h o u l d  be added. R e f l u x  t h e  m i x t u r e  f o r  111 hour .  

Determine  t h e  c y a n i d e  c o n t e n t  of  t h e  sodium h y d r o x i d e  s o l u t i o n  i n  t h e  a b s o r p t i o n  

vessel p h o t o m e t r i c a l l y .  I t  is t h e n  u n n e c c e s a r y  t o  u s e  t h e  u l t r a - v i o l e t  d i q e s t o r .  

RESULTS 

The p r o c e d u r e  a s  proposed  by Nagashima h a s  been amenable  t o  au tomat ion .  However w e  

had t o  make s o m e  a l t e r a t i o n s  i n  t h e  o r i g i n a l  p r o c e d u r e .  I n s t e a d  of u s i n q  sodium 

i s o n i c o t i n a t e  and sodium b a r b i t u r a t e  a s  recommended by t h e  a u t h o r ,  t h e  i s o n i c o t i c  a c i d  

- b a r b i t u r i c  a c i d  r e a g e n t  was p r e p a r e d  by d i s s o l v i n q  t h e  a c i d s  i n  a s l i q h t  e x c e s s  of 

sodium hydroxide .  Maximum a b s o r b a n c e  was measured a t  598 nm a f t e r  a d d i t i o n  of  t h e  

r e s u l t i n g  r e a q e n t .  

C o n t r a r y  however t o  t h e  r e s u l t s  r e p o r t e d  i n  t h e  o r i g i n a l  p a p e r  i t  was found t h a t  

c o l o u r  f o r m a t i o n  was r a t h e r  s l o w ,  which i s  u n d e s i r a b l e  i n  a u t o m a t i o n .  Hence a 

t e m p e r a t u r e  i n c r e a s e  was a p p l i e d  t o  speed  up t h e  r e a c t i o n ;  a t e m p e r a t u r e  of 37O proved 

t o  be s a t i s f a c t o r y .  

A f t e r  e s t a b l i s h i n g  t h e  optimum c o n c e n t r a t i o n  r a t i o s  of t h e  r e q u i r e d  r e a q e n t s  an Auto 

A n a l y s e r  System was b u i l t  up. The f i n a l  f low scheme is  p r e s e n t e d  i n  F iq .  1. The 

d u r a t i o n  of t h e  u l t r a - v i o l e t  i r r a d i a t i o n  was o p t i m i z e d .  S t a n d a r d  s o l u t i o n s  of 

t h i o c y a n a t e  and i r o n ( I I 1 ) c y a n i d e  w e r e  a n a l y z e d  w i t h  i r r a d i a t i o n  t i m e s  of 7 ,  9 ,  12 and 

15 m i n u t e s  r e s p e c t i v e l y .  I t  was found t h a t  c y a n i d e  was o p t i m a l l y  r e l e a s e d  from 
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th iocyana te  a f t e r  an i r r a d i a t i o n  t i m e  of 12 minutes;  i r o n ( I I 1 ) c y a n i d e  w a s  completely 

converted t o  CN- by i r r a d i a t i o n  d u r i n g  7 minutes .  Hence f o r  t h e  de t e rmina t ion  of t h e  

t o t a l  cyanide con ten t  an i r r a d i a t i o n  t i m e  o f  12 minutes  seemed appropriate. It should 

be noted however t h a t  t h e  c l a s s i f i c a t i o n  total  cyanide means t h o s e  cyanide compounds 

which a r e  converted t o  CN- a f t e r  u l t r a - v i o l e t  i r r a d i a t i o n  and a c i d  d i s t i l l a t i o n .  In  

practice t h i s  w i l l  be t h e  case wi th  m o s t  of t h e  occur ing  i n o r g a n i c  cyanide compounds. 

N o  s u f f i c i e n t  d a t a  were a v a i l a b l e  about organic cyanide compounds. With t h e  evaluated 

procedure 20  samples per hour can be analyzed i n  t h e  proposed range of 0 t o  100 g/1 

CN-. Af t e r  f i n i s h i n g  t h e  r e sea rch  on t h e  de t e rmina t ion  of cyanides  i n  s o l u t i o n  a 

d i g e s t i o n  procedure f o r  t h e  l i b e r a t i o n  of cyanide f r a n  s o l i d  samples w a s  t e s t e d .  The 

procedure implied r e f l u x i n g  f o r  1 hour with excess  hydroch lo r i c  a c i d  i n  t h e  presence 

of Cu(1)ions.  The l i b e r a t e d  cyanide w a s  t rapped under s u c t i o n  i n  an abso rp t ion  vessel 

con ta in ing  a known volume of sodium hydroxide. Under t h e s e  c o n d i t i o n s  s t anda rd  

s o l u t i o n s  of f r e e  cyanide,  t h i o c y a n a t e  and i r o n ( I I 1 ) c y a n i d e  w e r e  analyzed. It w a s  

found t h a t  both f r e e  cyanide and i r o n ( I I 1 ) c y a n l d e  were recovered with an average of 

94%. A s  can be expected t h i o c y a n a t e  d i d  no t  release any CN- due t o  t h e  formation of 

t h e  s l i g h t l y  s o l u b l e  Cu(1)SCN. 

Hence t h e  cyanide con ten t  determined by t h i s  procedure should be c l a s s i f i e d  a s  t o t a l  

cyanide minus thiocyanate .  Because t h e  procedure w a s  t o  be employed f o r  s o l i d  samples 

i n  which t h e  presence of t h iocyana te  w a s  not expected t h i s  procedure w a s  approved. 

CONCLUSIONS 

The methods descibed he re  which are based on t h e  l i b e r a t i o n  of cyanides  by 

u l t r a - v i o l e t  i r r a d i a t i o n  and d i s t i l l a t i o n  or d i s t i l l a t i o n  on ly  gave r e l i a b l e  r e s u l t s  

with both water and so i l  samples. 

The colour r eagen t  i s o n i c o t i n i c  a c i d - b a r b i t u r i c  a c i d  used i n  t h e s e  methods appeared to  

be a good a l t e r n a t i v e  f o r  t h e  unpleasant  and noxious p y r i d i n e - b a r b i t u r i c  a c i d  reagent.  

The cyanide con ten t  of t h e  so i l  samples can be determined with a mean recovery of 

94%. 

The r e p r o d u c i b i l i t y  of t h e  photometr ic  appeared t o  be quite good. 
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SAMPLER 
ZOHR-211 

HEATING BATH h 
DISTILLATION COIL 

* KEL-F 

** POLYETHYLENE 

**I ACIDFLEX 

Figure 1.  Flow scheme cyanide de t e rmina t ion ;  0 - 100 ug/l 

U 

1 HEATING MANTLE 

2 3-NECK ROUNDBOTTOM FLASK 500ml 

3 GAS INLET TUBE 

4 TAP FUNNEL 100 ml 

5 CONDENSOR 5 0 c m  

6 DISTILLATION BRIDGE 

7 ABSORPTION VESSEL 

Figure 2 .  Reflux / d i s t i l l a t i o n  appa ra tus  




