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Determination of traces of thallium in various 
matrices 

I NTROD U CTlO N 

Tha l l i um i s  a r e l a t i v e l y  r a r e  e l e m e n t  and t h e r e f o r e  i t s  a p p l i c a t i o n  i s  
l i m i t e d .  The de te rm ina t ion  o f  t r a c e s  o f  t ha l l i um,  however, i s  impor tan t  
becau e o f  i t s  h i g h  t o x i c i t y  (maximal a l l owab le  c o n c e n t r a t i o n  : 0.1 
mg.m i n  a i r ) .  I n  a d d i t i o n  t o  the  a v a i l a b i l i t y  o f  accura te  methods f o r  
the  de te rm ina t ion  o f  t o t a l  t ha l l i um,  one shou ld  cons ider  methods f o r  
s p e c i a t i o n  ( a t  l e a s t  f o r  the  d i f f e r e n t  o x i d a t i o n  s t a t e s  t h a l l i u m  (I) and 
t h a l l i u m  (111) and f o r  organo halogen compounds (e.g. R2TlBr)  ( 1 ) .  

The de te rm ina t ion  o f  t h a l l i u m  i s  n o t  anleasy task  as the  n a t u r a l  con ten ts  
i n  env i ronmenta l  samples are  a t  ng.g l e v e l s  o r  less .  I n  d i s c u s s i n g  
a n a l y t i c a l  methods f c r  t ha l l i um,  one shou ld  pay a t t e n t i o n  t o  a l l  r e l e v a n t  
p a r t s  o f  t he  a n a l y t i c a l  procedure : sampling, d iges t i on ,  p r e c o n c e n t r a t i o n  
and de te rm ina t ion .  
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1. PROPERTIES OF THALLIUM A N D  THALLIUM COMPOUNDS 

To develop and t o  understand a n a l y t i c a l  methods f o r  t ha l l i um,  some 
p a r t i c u l a r  p r o p e r t i e s  o f  the  element and i t s  compounds shou ld  be 
understood. Tha l l i um (I) adsorbs on to  polythene, polypropene, glass, 
p a r a f f i n  o r  rubber from 0.1 M HN03 s o l u t i o n s .  The adsorDt ion  depends on 
the  t rea tment  o f  t he  surface, i o n i c  s t rength ,  o t h e r  k inds  o f  i ons  p resez t  
and o t h e r  q u a n t i t x  o f  t h a l l i u m  from s o l u t i o n s  concen t ra t i ons  1 )rg.mL 
a t  pH 4 ;  a t  pH 10 the re  i s  s t r o n g  adso rp t i on  (2).  I n  add i t i on ,  some 
t h a l l i u m  compounds are  somewhat v o l a t i l e .  Tha l l i um (111) i s  e a s i l y  
reduced, e s p e c i a l l y  a t  e l e v a t e d  temperatures.  Organic t h a l l i u m  cornpounds 
a r e  e a s i l y  p y r o l i z e d  i n t o  T l ( o )  o r  T I Z O .  Table 1 p resen ts  t h e  m e l t i n g  
p o i n t s  (m.p.1 and b o i l i n g  p o i n t s  (b.p.1 o f  some T l ( 1 )  compounds. 

Table 1. M e l t i n g  p o i n t s  (m.p.) and b o i l i n g  p o i n t s  (b.p.1 
o f  T I  compounds 

Compound m.p. ( O C )  b.c. ( O C )  

T I  
T l F  
T l C l  
T lBr  
T I 1  
T l  0 
T1603 

304 
327 
4 30 
31 5 
440 
596 
206 

1457 
655 
720 
480 
823 
1080 
430 

The v o l a t i l i t y  o f  T I  compounds as i n d i c a t e d  by the  da ta  i n  Table 1, i s  a 
drawback i n  d i g e s t i o n s  by f u s i o n  o r  d r y  ashing. On the  o t h e r  hand, i t  
f a c i l i t a t e s  separa t i on  f o r  example i n  a hydrogen, oxygen o r  h y d r o c h l o r i c  
a c i d  stream (3, 4 ,  51, f rom o the r  elements which do n o t  form v o l a t i l e  
compounds under the  same cond i t i ons .  

1426 
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Most T l ( 1 )  compounds d i s s o l v e  i n  water; T12S and s a l t s  o f  
f a t t y  ac_jds a re  s l i g h t l y  s o l u b l e  (0.1 - 1 g.L T l I  (0.01 - 
0.1 g.L ) and T l - t e t r a p h e n y l  bo ra te  a re  T I  (111) T l ( 1 )  4=' t1.25 V )  and 
hyd ro l yses  r e a d i l y .  A l k y l  T I  compounds l i k e  R 2 T l X  and R T l X 2  ( X  i s  an 
an ion)  a r e  g e n e r a l l y  more s t a b l e  than t h e  cor respond ing  l ead  compounds. 
R T l  compounds hyd ro l yse  immediately i n  water t o  the  d i a l k y l  compounds (3 ) .  T l ( I )  forms s t r o n g  complexes w i t h  su lphu r -con ta in ing  l i g a n d s  
(d i t h i zone ,  di th iocarbamates, e t c . )  and w i t h  b a s i c  n i t r o g e n - c o n t a i n i n g  
l igands .  Weak complexes a re  formed w i t h  oxygen l igands, EOTA,  cyanide and 
f l u o r i d e ,  so these l i g a n d s  can be used t o  mask o the r  ions .  T l ( I I 1 )  
assoc ia tes  as t e t r a h a l i d e  complexes w i t h  ammonium-nitrogen, b a s i c  oxygen 
( e t h e r )  and phosphorus (e.9. phosphine ox ides ) .  

TIBr,-lTIIO 
1, ?;2CrO 

2. DIGESTION 

Dete rm ina t ion  methods such as spectrophotometry o r  vol tammetry r e q u i r e  a 
complete d i g e s t i o n  o f  o rgan ic  compounds i n  the  sample and t h i s  shou ld  be 
cons idered when s e l e c t i n g  a d i g e s t i o n  procedure.  Because o f  t he  
v o l a t i l i t y  o f  t he  element and mdny o f  i t s  compounds, f u s i o n s  i n  an open 
system a re  n o t  recommended. The same ho lds  f o r  d r y  ash ing  a t  temperatures 
above ca. 400 'C. With fuming H2S04 o r  H C l O  i n  an open system losses  may 
a l s o  occur ( 6 ) .  For A A S  (see chapter  4, f o r  a d e s c r i p t i o n  o f  t he  
abbera t i ons )  such a complete sample decompos i t ion  i s  n o t  necessary. Thus 
human t i s s u e s  have been d iges ted  w i t h  HN03/H202 p r i o r  t o  T I  d e t e r m i n a t i o n  
by A A S  (7, 8). 
Where h i g h e r  temperatures ( 200 O C )  a re  r e q u i r e d  (e.9. f o r  f a t -  
c o n t a i n i n g  b i o l o g i c a l  samples, and ores)  a p r e s s u r i z e d  d i g e s t i o n  i n  PTFE 
( 6 )  uns ing  HN03, HNO /HF, H C l O  /HNO o r  s i m i l a r  m ix tu res  a re  recommended 
(4). The i n t e r f e r e n c e  o f  HF 4n E?-AAS and I C P - A E S  de te rm ina t ions  can 
e a s i l y  be avoided by removing H F  w i t h  b o r i c  a c i d  (5). 

3 

I n  a c losed  system d i g e s t i o n  the  v o l a t i l i t y  o f  T1 can be used t o  separa te  
i t  from accompanying elements. Combustion i n  oxygen i s  f o l l o w e d  by 
v o l a t i l i s a t i o n  i n  a stream o f  hydrogen, oxygen o r  h y d r o c h l o r i c  a c i d  gas, 
o f  t he  metal,  t he  ox ide  o r  the  ch lo r i de ,  respec t i ve l y ,  and subsequent 
f r e e z i n g  ou t .  Only t r a c e s  o f  a few o t h e r  elements a re  p resen t  w i t h  the  
t h a l l i u m  a f t e r  such a separa t i on  s t e p  i n  combina t ion  w i t h  the  
decompos i t ion  s t e p  (5, 9, 10). The v o l a t a l i z a t i o n  separa t i on  s tep  by 
s imp le  f u s i o n  w i t h  MgCl .2 H 0 i s  e s p e c i a l l y  u s e f u l  f o r  o res  and rocks.  A 
m i x t u r e  o f  the  sal .p le and magnesium c h l o r i d e  a re  p laced  i n  a q u a r t z  tube, 
which i s  drawn o u t  i n t o  a l ong  c a p i l l a r y  tube a t  t he  t o p  end. The tube i s  
p u t  i n t o  a fu rnace w i t h  the  c a p i l l a r y  p r o t r u d i n g  ou ts ide .  On heat ing,  HCL 
i s  formed which t r a n s p o r t s  T I  and T l C l  i n t o  the  c o l d  p a r t  o f  t h e  
c a p i l l a r y  where the  T l  compounds a re  t rapped (10) .  A more r a p i d  system 
i n v o l v e s  f u s i o n  i n  a boat p laced  i n t o  a stream o f  0 o r  H i n  a q u a r t z  
apparatus.  The gaz stream t r a n s p o r t s  the  TI-compound$ formed i n t o  a c o l d  
t r a p  (5,9). 

2 2  

2 

B i o t i c  sampltas may be mixed w i t h  MgC12 ( i n  wa te r - f ree  form) a combusted 
i n  an oxygen stream i n  a s p e c i a l  q u a r t z  dev ice  (Trace-0-Mat")). T I  i s  
t rapped q u a n t i t a t i v e l y  i n  a c o l d  t r a p  ( l i q u i d  n i t r o g e n ) .  Samples which 
are  n o t  e a s i l y  combust ib le a re  f i r s t  mixed w i t h  c e l l u l o s e  powder be fo re  
combustion ( 4 ) .  

3. PRECONCENTRATION METHODS 

Separa t ion  o f  i n t e r f e r i n g  elements as w e l l  as c o n c e n t r a t i o n  o f  t h e  
spec ies  t o  be determined i n v o l v e s  c a r e f u l l y  s e l e c t e d  procedures which 
have t o  be s t u d i e d  b e f o r e  a p p l i c a t i o n  t o  an unknown m a t r i x .  Not a l l  
procedures which have been successful  f o r  a c e r t a i n  m a t r i x  type  can be 
conver ted  and t r a n s f e r r e d  t o  another (even s i m i l a r )  t ype  o f  m a t r i x  
w i thou t  checking accuracy and p r e c i s i o n  by s tandard  a d d i t i o n  o r  an 
independent method. 
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Where s m a l l  q u a n t i t i e s  (ng.g-' r ange)  a r e  i n v o l v e d ,  s e p a r a t i o n  and  
c o n c e n t r a t i o n  p r o c e s s e s  s h o u l d  be combined t o  reduce  s y s t e m a t i c  e r r o r s  
( 1 2 ) .  Some examples o f  s e p a r a t i o n  methods i n c l u d e  : 

C o p r e c i p i t a t i o n  ( t a b l e  2 ) .  T h i s  i s  n o t  s e l e c t i v e ,  but t h e  h i g h  
c o n c e n t r a t i o n  f a c t o r  and t h e  f a c t  t h a t  one g e t s  a new u n i f o r m  m a t r i x  
make t h e  method a t t r a c t i v e  f o r  some purposes;  

Anodic  e l e c t r o l y s i s  o f  T I  ( T a b l e  3)  i s  an  e x c e l l e n t  s e p a r a t i o n  method. 
However, t h e  method r e q u i r e s  s p e c i a l  equipment  and needs 1 h o u r ' s  
o p e r a t i o n  t ime; 

I o n  exchange ( T a b l e  4 )  a l l o w s  a l a r g e  c o n c e n t r a t i o n  f a c t o r  and y i e l d s  
i n t e r f e r e n c e - f r e e  s o l u t i o n s ,  but t h e  method i s  a l s o  t ime-consuming.  

L i q u i d - l i q u i d  e x t r a c t i o n  ( T a b l e  5) i s  a f a s t  method and can e a s i l y  b e  
checked; t h e  method has a r e l a t i v e l y  s m a l l  c o n c e n t r a t i o n  f a c t o r .  

4. M E T H O D S  OF FINAL DETERMINAL 

o r d e r  t o  a v o i d  e l e m e n t a l  c r o s s - i n t e r f e r e n c e s ,  s m a l l  amounts o r  l ow  
c o n c e n t r a t i o n s  s h o u l d  be d e t e r m i n e d  a f t e r  an a p p r o p r i a t e  s e p a r a t i o n  o f  T I  
f r o m  t h e  m a t r i x  and o t h e r  e lemen ts .  The p r e c o n c e n t r a t e d  o r  s e p a r a t e d  T l  
can  b e  d e t e r m i n e d  w i t h  most o f  t h e  common t e c h n i q u e s  o f  t r a c e  a n a l y s i s .  

Table 2 Separation and concentrat ion by c o p r e c i p i t a t i o n  

Col 1 ec to r  Sample s o l u t i o n  Separation from No separat ion from Reference 

A91 
AgI+ 1,lO- 
phenanthrol i n e  
Pb I, 

;ks3 +TPB 
PbCrO 
Methy! orange 
APDC 

pH 4-5; EDTA 
pH > 2.5 

pH 10; a c e t a t e / c i t r a t e  

pH 4.5; acetate, 
su lph i te ,  NH,OH 
na tu ra l  waters; Br, 

a c i d i f i e d ;  KBrO 
conc. s a l t  so lu t i ons  
pH 4.6; acetate 
2M H C l / B r 2  + pH 4.6 
a c i d i f ;  Br, 
HNO * Br, 
H,Sd;; H 0, 
conc. s a f t  s o l u t i o n s  
3M HC1 

pH 3.5 - 4.5 

EDTA; pH 5-6 
pH 2,5; ascorbic ac id  
0.02 M HNO, 
0.2 M HC1; Br, 

most elements 
Ba, S r ,  Mg, Fe 

Sb,Au,Cr,Cu ,Hg 
Mn (ma t r i x )  

many elements 

T i ,  V, N i ,  C r ,  Pb, 
Cu, I n ,  Cd 

s a l t  m a t r i x  (K, NH,) 
Cd (ma t r i x )  Ag, Hg 

Pb (ma t r i x )  

s a l t  ma t r i x  (K, NH,) 

Ga, Sb 

Au, S i  , Nay A1 
Fe, S i ,  Mg, Ca, A1  
A1 

- 
Au, Ag, Pb, Se, 
Te, As, I ,  Sn, Sb - 

A l ,  Ga, I n ,  B i  

Sn, As 

- 
Cd, Co, Fe. I n ,  Mn 
N i ,  Pb, Zn, Pd, I r  
P t ,  Rh 

As, S6 

Au, S6, Mo, W 
B i ,  Cd, Co, Fe, I n  
N i .  Pb, Zn 

11 
2 

2 
13 

2 

2 

14  
2 

15 
2 
9 
2 
2 
2 

16 

2 
2 

17  
2 

18 

Table 3 E l e c t r o l y t i c  T1 preconcentrat ion 

Sample m a t r i x  E l  ec t  rode Working cond i t i on  References 

Aqueous s o l u t i o n  cathodic; r o t a t i n g  6 V  19 

Na ,PO, graph i te  d i sc  15 V 2 
Ga, GaAs carbon t i p  - 0.8 V ( V S  H+/Hz) 2 
Cd Zn powder cu r ren t l ess  2 
NH, NO, anodic; P t  basket 2 A ; l h  2 
G1 ass 20 mA; 2 V 21 

copper disc. 
Natura l  waters p la t inum s p i r a l  - 1.0 V ( v S  Ag/Ag C1) 20 
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Table 4 Some methods o f  separation and concentrat ion by use o f  organic i o n  exchangers 

Type o f  exchanger Sample s o l u t i o n  T1 ox ida t i on  s t a t e  Separation from References 

ca t i on  t a r t r a t e  pH 3-5 I Zn, Sn, Cd, A l ,  2 

EDTA pH 4 I Hg, B i ,  Cu, Fe, 2 

0.1 M HC1/C12; 111 A l ,  Ca, I n  2 

0.1 M H C l / C l ,  111 M a t r i x  22 

0.1 M HC1/Br2 111 sea water 2 
2 M H C l  I ,  111 Zn, Pb,  Cd 2 

0.5 M H B r  111 " s p e c i f i c "  2 
2 M HC1 o r  0.1 M 111 sea water 23 
HC1 / B r  
6 M H C f  111 Mn, Mo, V 24 
0.1 M HCl /Br ,  111 Pb 2 
0.15 M H B r / B r 2  111 "spec i f i c " 25 

(Act ive charcoal) pH 8; DDTC; borate I "speci f i c" 26 

Fe, Sb 

Pb, Zn 

50% acetone 

(e.9. rock, s o i l )  

anion 

T a b l e  5 Some l i q u i d - l i q u i d  e x t r a c t i o n  m e t h o d s  

Reagent Aq .  phase Organic p h a s e  S e p a r a t i o n  f r o m  No s e p a r a t i o n  f r o m  Ref. 

Me;l t y l o x i d e  
T T A  
8-mercapto 
q u i n o l i n e  
TBM 
DDTC 

HMA-HMDC 

D i  t h izone 

D i  t h i  zone 

K-Xanthates 

T O A  
TOP0 

6.7 M H C l  M I B K ;  A A c ;  D P E ;  A A  
HC1/Br2 D P E  
H B r  D E  
0.1 M H B r / B r  
0.5 M HBr/Cel IV)  

pH 4 . 4 ;  Br, 
v a r i a b l e  

pH>11; KCN/NH,OH 
pH 10.5; K C N /  
c i  t r a t e / a s c .  a c i  d 

f o r m a t e / c i t r a t e  
3M NaOH/ 
t a r t  r a t e / c i  t r a t e  
pH 11; c y a n i d e l  
c i t r a t e  
pH 8; c i t r a t e /  
t a r t r a t e  

1 - 3  M HC1 

pH 2-3; 

D P E  
OPE 
t o l u e n e  
benzene 
C H C l  

benzene 
M I B K  

D I P K  + xy lene  

C C I ,  

C H C l  

M I  BK 

2 M - H  SO,/1 M K I  xy lene,  M I B K  
H C l  it1 M I B K  

Cyc lopenta-  2 M  K O H / K C N  C H , C I , / C H C l  * 

d i  ene benzene; M I B k  

I n  ( m a t r i x )  
Pb ( m a t r i x )  

m o s t  elements 

Sr, Zr, a c t i v i d e s  
Fe,  Co. Cu, Pd,  N i ,  Mn 
Zn, Mo, V, Sb 

Au 

- Sb, Sn. V ,  Hg 

F e  ( m a t r i x )  Ag, B i ,  Cd, Co, Pb ,  
N i ,  Cu 
Cd, Cu, H g  

H g  

B i  

Fe  ( m a t r i x )  
N i ,  Fe,  A 1  Sb. B i ,  Pb, Sn, Cd. 

Cu, I n ,  Zn 

- 

2 7  
28 
2 9  
3 0  
31 
3 2  
3 3  

2 

3 5  
3 6  

3 7  

2 

38 

2 

2 
2 

3 9  

T h i s  s e c t i o n  d e a l s  w i t h  t h e s e  techn iques ,  such as u . v . - v i s i b l e  
s p e c t r o p h o t o m e t r y ,  FAAS,  GF-AAS,  e m i s s i o n  s p e c t r o m e t r y  a f t e r  e x c i t a t i o n  
by  ICP, CMP, MIP, a r c  o r  s p a r k  and v o l t a m m e t r i c  t echn iques ,  esp. DPASV. 

T l ( I ) - i o n  s e n s i t i v e  e l e c t r o d e s  ( I S € )  a r e  n o t  s u f f i c i e n t l y  s e n s i t i v e  o r  
s e l e c t i v e  i n  t h e  p resence  o f  t h e  l a r g e  amount o f  a l k a l i  m e t a l  i o n s  w h i c h  
a r e  u s u a l l y  p r e s e n t .  The de te_c f i on  Dower o f  t h e  u s u a l  XRF-techniques jS 
n o t  s u f f i c i e n t  f o r  t h e  ng.g l e v e l .  Methods such as T X R F  ( t o t a l  
r e f l e c t a n c e  e x c i t a t i o n  X R F )  o r  e x c i t a t i o n  w i t h  cha rged  p a r t i c l e s  (PIXE) 
a r e  n o t  y e t  s u f f i c i e n t l y  d e v e l o p e d  f o r  d e t e r m i n a t i o n s  o f  T l  i n  r e a l  
s a l p l e s .  Pho ton  a c t i v a t i o n  (17 )  and o t h e r  r a d i o c h e m i c a l  methods (e.g. 
r a d i o c h e m i c a l  i s o t o p e  d i l u t i o n  (28), a l t h o u g h  s u f f i c i e n t l y  s e n s i t i v e )  
have se ldom been used. 

A tomic  f l u o r e s c e n c e  s p e c t r o m e t r y  ( A F S )  and MS have n o t  been a p p l i e d  
f r e q u e n t l y  f o r  r o u t i n e  p rob lems .  I s o t o p e - l d i l u t i o n  mass s p e c t r o m e t r y ,  
however, i s  a p r o m i s i n g  method f o r  t h e  ng.g range  w i t h  a good p r e c i s i o n  
and, a c c u r a c y  i f  used  p r o p e r l y  (80, 81, 82, 8 3 ) .  
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4.?. Spectrophotometry 

Table 6 p resen ts  a summary o f  spec t rophotomet r ic  T I -de te rm ina t ions  u s i n g  
che la tes  and i o n  p a i r s .  Th is  method i s  r e l a t i v e l y  simple; e s p e c i a l l y  i n  
combina t ion  w i t h  l i q u i d - l i q u i d  extraction,-l and i s  s u f f i c i e n t l y  s e n s i t i v e  
t o  a l l o w  de te rm ina t ions  down t o  50 ng.mL ( 3 1 ) .  The method u s i n g  the  
(TlBr4)-Rhodamine B i o n  p a i r  has been c a r e f u l l y  i n v e s t i g a t e d  ( 3 4 ) .  Leve ls  
as low as 10 ng.mL-’ T l  can be determined i n  the  presence o f  a l l  elements 
which a re  commonly found i n  env i ronmenta l  ma t r i ces  (e.g. waters, a i r ,  
dust, s o i l s ,  p lan ts ,  animal t i s s u e s  e tc . ) .  

4.2. Flame atomic absorption spectrometry (FAAS) 

A t  t he  p9.mL-I F A A S  i s  a r e l i a b l e  method f o r  f i n a l  
de te rm ina t ion  ( 4 1 ) .  Using the  s o l u t i o n  i n j e c t i o n  (42, 4 3 )  o r  nob le  me ta l  
loop techn iques  ( 4 4 )  t he  d e t e c t i o n  l i m i t  can be inc reased by an o rde r  o f  
magnitude. Table 7 presen ts  a summary o f  T l -de te rm ina t ion  w i t h  F A A S .  

l e v e l  and higher,  

4.3. Graphite furnace AAS (GF-AAS) 

The lower l i m i t  o f  d e t e c t i o n  o f  T I  by G F - A A S  i s  about 2 ng.mC-’. The 
method, however, i s  s e n s i t i v e  t o  i n t e r f e r e n c e s  by o the r  elements; e.g. 
h a l i d e s  and Fe which can cons ide rab ly  reduce the  s i g n a l .  When a p p l y i n g  
G F - A A S  one shou ld  cons ider  a separa t i on  o f  T I  p r i o r  t o  the  de te rm ina t ion .  
Table 8 p resen ts  a s e l e c t i o n  o f  methods a p p l i c a b l e  t o  p r a c t i c a l  problems. 
Fu r the r  a p p l i c a t i o n s  a re  reviewed r e c e n t l y  (51).  

4.4. Emission spectrometry (ES) 

With  the  c l a s s i c a l  e x c i t j f i o n  techniques (a rc  and spark )  lower l i m i t s  o f  
d e t e c t i o n  ( 1  - 0.02 pg.9 T I )  can be achieved. The techn ique i s  most 
s e n s i t i v e  when the  T1 i s  v o l a t i l i z e d  d i r e c t l y  f rom the  e l e c t r o d e  as i t s  
h a l i d e  o r  when i t  condenses d i r e c t l y  on to  the  e l e c t r o d e  (9). 

Table 6 Some Spectrophotometr ic  T1-determinat ions a p p l i c a b l e  a t  t he  h ighe r  ng.g-1 l e v e l  

Ox ida t i on  Reagent Sample E x t r a c t i o n  I n t e r f e r e n c e s  No i n t e r f e r e n c e s  D e t e c t i o n  Ref. 
S t a t e  s o l u t i o n  w i t h  ( a t  conc. compar- f roin 1 i r i i i  t 

a b l e  t o  TI-conc.) (ny.niL-1) 

I PAN a c e t a t e  b u f f e r  CHCl,  Ga, In ,  Co, N i  Sb, T i ,  Mo 40 
pH 4-6 Zn, Cu, Fe, Cd 

D i t h i z o n e  pH > 11; C H C l  Hg, Pb. B i ,  Sn 
c i  trate/KCN 

CU-DDTC pH 11 CCI, B i  60 c a t i o n s  
i n v e s t i g a t e d  

I 1 1  B r i l l i a n t  6 M HCl/Br,* DPE Au, Sb 
green 

HCl/Br,* t o1  uene Sb, de te rgen ts  

1 M HCl /C l , *  t o luene  + Sn. Sn 
mesi t y l o x i d e  

2 M H3P0,/Cl,* t o luene  Sb, Au, Hg, I-, 

Methyl 0.3 M HCl/H,O,* benzene; 
v i o l e t  t o luene  

c10,- 
Rhodamine B 0.5 M HBr/V ( I V )  DPE Au, I 

Crys ta l  0.1 M H B r / B r 2 *  DPE 
v i o l e t  
Meldola 1 M H B r / B r 2 *  Benzene/ Au 
b l u e  acetone/ch loro 

benzene/CHCl ,/ 
CH, C1“ 

V i c t o r i a  3.5 M H,SO,,Cl, B e i z e i e  Au, Sb, Hg, I r ,  
b l u e  4 R P t ,  I-, SCN- 

I n  ( m a t r i x )  10 

Sn, As, Hg, Co, 400 
Zn, Cu 
23 c a t i o n s  50 
i n v e s t i g a t e d  
Fe, Mn, N i  80 

37 c a t i o n s  10 
i n v e s t i g a t e d  
Zn, A l ,  Cu, Mg, Fe, 50 
Pb, I n  

200 

100 

~~ 

2 

38 

40 

27 

2 

32  

2 

2 

34 

2 

2 

2 

* Strong o x i d i z i n g  agents should be removed be fo re  a d d i t i o n  o f  t he  c o l o u r  reagent. 
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Table 7 Some Flame atomic abso rp t i on  spec t romet r i c  iiiethods ( C z l l z / a i r  f lame) (co i i t i r iuous rtetrul i z d t i w l )  

Sample separa t i on  method Sample s o l u t i o n  De tec t i on  limit 
ng.y-1 

Waters Solvent  e x t r a c t i o n  DIPK-xylene 
Nat. waters  I o n  exchange 6 M H C l .  1 
A l ,  Fe, N i  E x t r a c t i o n  M I  BK 100 

Phosphates Sorp t i on  aqueous 12 ng 
Borates ,A1 *03 
Manganese I o n  exchange 6 M H C l  
nodu 1 es 
Cement E x t r a c t i o n  M I B K  100 

~ 

Remarks Ref. 

37 
25 

Higher conc. o f  Sn, B i ,  2 
Cd, Pb, Ln i n t e r f e r e n c e  

42 

24 

36 E f f e c t  o f . 6 3  i ons  
i n v e s t i g a t e d  

81 ood E x t r a c t i o n  M I B K  2 
Serum Prec ip.  o f  p r o t e i n s  aqueous 42 
L i v e r  HNO / H C l  400 43 

S a l t s  o f :  A l ,  C o p r e c i p i t a t i o n ,  HNO, 30 50 p l  i n j e c t i o n  18,26 
Mn,Na,K,Ca, So rp t i on  
Sr, Ba 
M ine ra l s  , S o r p t i o n  HNO, 10 P t - l oop  10 p1 46 
Coal 

B1 ood E x t r a c t i o n  M I  Bt? 80 4 5  

Table 8 Some T1 de te rm ina t ions  u s i n g  GF-AAS. 

Samp 1 e Separat ion I n j e c t e d  Sol u t  i on D e t e c t i o n  L i m i t  Remarks References 
(ng.9-1 o r  n9.rnL-l) 

- .- - . - - __ __ - - - 

Acid s o l u t i o n s  
Waters 
Ur ine  
81 ood 
Cement 
Rocks 

Rocks 
Marine sediment 

Co, N i  
Stee l  
N i  -a1 1 oys 

HNO HCIO,, HzSO,, H C l  
E x t r a c t i o n  D I P 8 x y l  ene 
E x t r a c t i o n  M I B K  

E x t r a c t i o n  MIBK/HNO /EtOH 
Haemolysate t La3+ 

E x t r a c t i o n  5 X ascopbic  a c i d  

E x t r a c t i o n  M I  BK 
E x t r a c t i o n  to1  uene/Hz SO, 

H SO,/HF/H2OZ 
HhD, 
HNO, /HF 

47 
5 Cu i n t e r f e r e s  37 
1.5 none de tec ted  48 

100 49 
5 36 
0.05 ng no i n v e s t i g a t i o n  

o f  i n t e r f e r e n c e s  
40 36 
10 i n t e r f e r e n c e s  from 2 

Fe, Mo, Re, W, Au, 
Sb, Ta 

200 52 
53 
54 

Table 9 Some emiss ion spec t romet r i c  de te rm ina t ions  us ing  spark o r  a rc  exc i  t a t i o r i  

D e t e c t i o n  
M a t r i x  Sample p re t rea tmen t  E lect rodes Exc i t a t  i on wave 1 engt h Coililltents 1 i n t i t  Ref. 

mode (nm) (ng.g-11 
___-__ _____ 

Se D iges t i on :  su lpha te  res idue  
D iges t i on :  c h l o r i d e  res idue  

Pb, B i  Fus ion wi th  PbC12 
TiO, Fusion w i t h  AgCl 
Sn Fusion w i t h  SnCl, 
Ga, GaAs E l e c t r o l y t i c  separa t i on  
Dust Low temoerature ashina 
Ash o f  Mixed w i t h  Al,D,/CaCO;/K2C0, 
p l a n t s  
M ine ra l s  Fusion w i t h  NaCl 

Ur ine  Residue mixed w i t h  CuO/LiF 
( F e ( O H ) 3 ) C o p r e c i p i t a t i o n  w i t h  Fe(OH), 
NaCl 

Graehi t e  

6 

4 

A1 

Arc 8 A d-c 
Arc 13 A d-c 
Arc 15 A d-c 
Arc 10 A d-c 
Arc 11 A d-c 
Arc 8 A d-c 
Arc 4 A a-c 
Arc 13 A a-c 

Arc 20 A a-c 

Arc 4.5 d-c 
Arc 0.5A a-c 
Spark, 12kV 

276.8 

276.8 Pd in t . s tand .  

276.8 
276.8 
351.9 B i  , S r , i n t e r f .  
276.8 i n t . s tand .  

291.8 and 
323.0 

276.8 
276.8 

4 2 
5 55 

20 2 
100 2 
600. 2 

2 
2 

1000 2 

2 

10 5 G  
2 

5 9 
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Table 10 Some T1-determinations w i t h  emiss ion spectroi i ietry w i t h  plasiria e x c i t a t i o n  

M a t r i x  E x c i t a t i o n  Power Gases Wavelength D e t e c t i o n  l i m i t  References 
(kW) (nm) ( w m L - ' )  

Aq. s o l u t i o n  I CP 
Aq. s o l u t i o n  I C P  

Aq. s o l u t i o n  I CP 
Aq. s o l u t i o n  I C P  
G l a s s  I CP 
Cement, i r o n  ores I C P  
Zn I CP 
S t e e l  I CP 
Aq. s o l u t i o n  M I P  
HNO, M I  P 
Cs- and Cd- CMP 
su lphates,  NH,- 
phosphate 
cs2 so, CMP 

1.1 
1.2 

5 
0.7 
1.5 
4.5 
1 
4 
0.025 
0.020 
0.200 

A r / A r  

A r / N 2  
A r  
A r / A r  
A r /N2  

A r / N 2  
H C I  / A r  
Ar 
A r / N 2  

N2 

cho ice  o f  l i n e  
depending on 
i n t e r f e r e n c e s  
190.8 

351.9 
276.8 
535.1 
276.8 
276.8 
377.6 
377.6 

535.1 

0.2 
0.007 
2 
0.2 - 2 

0.1 ng 
0.015 
0.4 

33 
35 

2 
5 7  
58 
46 

2 
59 
60 
61 
62 

0.05 63 

W i t h  e x c i t a t i o n  t e c h n i q u e s  such as ICP, CMP o r  MIP, t h e  d e t e c t i o n  l i m i t s  
a r e  s i m i l a r .  Moreover  c a l i b r a t i o n  i s  s i m p l e r  (e;g. s t a n d a r d  a d f i t i o n s )  
and t h e  methods a r e  more r e l i a b l e .  A d e t e c t i o n  l i m i t o f  1 5  ng.mC T l  has 
been a c h i e v e d  w i t h  M I P  e x c i t a t i o n  (61 ) .  T a b l e  9 and 10 p r e s e n t  a s u r v e y s  
o f  t e c h n i q u e s  w i t h  c l a s s i c a l  e x c i t a t i o n ,  and plasma e x c i t a t i o n ,  
r e p e c t  i v e l y .  

The p r a c t i c a l  l ower  l i m i t s  o f  d e t e c t i o n  i n  simultaneous'multi-element 
d e t e r m i n a t i o n s  o f  T I  b y  E S  depends c o n s i d e r a b l y  on  t h e  t y p e  o f  Sample, 
t h e  c h a r a c t e r i s t i c s  o f  t h e  i n s t r u m e n t s  and t h e  e x c i t a t i o n  mode. In 
m u l t i - e l e m e n t  d e t e r m i n a t i o n s ,  t h e  l ower  l i m i t s  o f  d e t e c t i o n  a r e  a l w a y s  
h i g h e r  t h a n  when a s i n g l e  e lemen t  d e t e r m i n a t i o n  i s  c a r r i e d  o u t  a f t e r  an 
a p p r o p r i a t e  s e p a r a t i o n .  A f t e r  a s e p a r a t i o n ,  c r o s s  i n t e r f e r e n c e s  b y  o t h e r  
e l e m e n t s  i n  t h e  e x c i t a t i o n  s t e p  o r  s p e c t r a l  i n t e r f e r e n c e s  (e.g. a t  t h e  
276.8 nm wave leng th  by  e o r  a t  377.6 nm by  V and even by  Ca, N i  and  T i )  
a r e  c i r c u m v e n t e d .  

4.5. Voltammetric techniques 

For T I  most a u t h o r s  a p p l y  i n v e r s e  v o l t a m m e t r i c  t e c h n i q u e s  ( 6 4 ,  651, w h i c h  
a r e  summarized i n  Tab le  11. Those t e c h n i q u e s  i n v o l v e  t h e  b e s t  c o m b i n a t i o n  
o f  s e n s i t i v i t y  and s e l e c t i v i t y  o f  a l l  met-xpds d i s c u s s e d .  The l o w e r  l i m i t  
o f  d e t e c t i o n  o f  T I  i s  abou t  0.1 ng.mC . H i g h e r  c o n c e n t r a t i o n  s a l t s  
( m a r i n e  w a t e r )  do n o t  i n t e r f e r e .  The m a j o r  r e q u i r e m e n t  o f  v o l t a m m e t r i c  
t e c h n i q e s ,  namely t h a t  a l l  o r g a n i c  m a t t e r  s h o u l d  be d i g e s t e d  c o m p l e t e l y ,  
must be emphasized here, as w e l l  as i n  a l l  o t h e r  a p p l i c a t i o n s  o f  t h e  
t e c h n i q u e s .  The e x t e n s i v e  e x p e r t i s e ,  t i m e  and l a b o u r  r e q u i r e m e n t s  o f  
v o l t a m m e t r i c  t echn iques ,  i s  a l s o  e n c o u n t e r e d  w i t h  T I  d e t e r m i n a t i o n .  

5.  CONCLUSIONS 

The d e t e r m i n a t i o n  o f  T l  f r o m  most m a t r i c e s  a t  t h e  pg.mL'-' l e v e l  i s  
nowadays a r e l a t i v e l y  s i m p l e  task,  f o r  w h i c h  F A A S  i s  t h e  method t o  b e  
recommended. 

A u n ' v e r s a l  a n a l y t i c a l  p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  o f  T I  a t  t h e  
ng.g l e v e l  does n o t  y e t  e x i s t ,  a l t h o u g h  t h i s  l e v e l  i s  common i n  most  
m a t r i c e s  o f  e n v i r o n m e n t a l  impor tance .  Some recommendat ions can b e  made, 
however. These concern  f a v o u r a b l e  c o m b i n a t i o n s  o f  methods s u i t e d  f o r  
c e r t a i n  t y p e s  o f  m a t r i c e s .  Tab le  12  p r e s e n t s  a summary o f  such 
recommendations. 

-ll 
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Tab le  11 Some i n v e r s e  v o l t a m m e t r i c  T I - d e t e r i n i n a t i o n s  

Sample D i g e s t i o n  E l e c t r o l y t e  E l e c t r o d e  E l e c t r o l y s i s  No i n t e r f e r e n c e  D e t e c t i o n  Ref. 
parameters  f rom L i m i t  

(ng.mL-1) 

Aq. s o l u t i o n  pH 4.8; EDTA 

N a t u r a l  wa te rs  pH 4.5; EDTA 

N a t u r a l  wa te rs  pH 4.5; EDTA 

Sea w a t e r  EDTA 
Sea wa te r  pH 3.5; KNO, 
Sea w a t e r  KNO /DCTA 

U r i n e  H,SO, pH 4.5; 

Serum HNO /HClO, pH 6.4; 

B i o t i c  L ~ A  EDTA 
m a t e r i  a 1 s 
B i o t i c  LTA EDTA 
ma t e r i  a 1 s 

Rock evapora t -  pH 7-8; EDTA 
i o n  c i t r a t e  

Rock HF/HClO, pH 4.6; EDTA 
a c e t a t e  

Dus t ,  Ra in  pH 4.5; EDTA 
t a r t r a t e  

Cd-sal  t s  EDTA/PEG 
S a l t s  pH 4.5; EDTA 

d e t e r  gent  

a c e t a t e  

a c e t a t e  

pH 1.5 

acetate/EDTA 

H Sd, acetate/EDTA 

Hg d rop  -0.9 V vs SCE B i ,  Cu, Sb 

Hg d rop  -0.8 V v s  Ag/AgCl Cd, Pb 0.5 

Hg f i l m  -0.8 V vs Ag/AgCI (Cu i n t e r f e r e s )  0.011 

Hg f i l m  
Hg f i l m  
Hg f i l m  

Hg d r o p  

-1.1 v Cd, PB 
-0.9 V v s  SCE Pb, CU 
-1.2 V V S  Ag/AgCI C U ,  Pb, C d ,  Zn, 

-1.0 V v s  SCE 
B i ,  Co, N i ,  Sn,Fe 

4 0 
0.6 

500 

Hg d rop  -1.25 V (15  m i n )  (Cu, Cd, Pb, 10 

P t  Amalgamate -1.1 v ( s e p a r a t i o n  1 
de te rm ined  a l s o )  

neces s a ry  ) 
Cu Amalgamate D i s c  -0.85 vs SCE (Pb, Cd, d e t e r -  0.09 
(2000 rpm) (10 m i n )  mined a l s o )  

Hg d rop  

Hg d rop  

-0.75 v s  SCE ( s epa r a t  i on 
neces sa ry ) 

-0.75 vs SCE 

Hg d rop  -0.8 V v s  SCE 

Hg d rop  -0.74 V vs SCE 200 
Hg d rop  -0.6 V v s  CSE Pb. Cd, Sn, CII, 

Sb, B i  

b6 

67 

67 

68 
69 

2 

2 

2 

71 

10 

7 2  

73 

7.1 
15 

Tab le  12 Recommended comb ina t ions  o f  t echn iques  

M a t r i x  D i g e s t i o n  S e p a r a t i o n  D e t e r m i n a t i o n  P o s s i b i l i t y  t o  U e t e c t i o n  L i m i t  Ref. 
de te rm ine  more (ng.9- l  o r  
E 1 emen t s n g . niL-1) 

Water 
Sea w a t e r  

Ac ids  
M e t a l s  
S a l t s  

I o n  exchange 
I o n  exchange 

S o r p t i o n  
S o r p t i o n  
E x t r a c t i o n  

M i n e r a l s ;  Rocks; P r e s s u r i z e d , w i t h  S o r p t i o n  o r  
Ores HNO, /HF E x t r a c t  i on 

P r e s s u r i z e d  w i t h  
HNO,/HF 
Gas (combus t ion )  
Gas (combus t ion )  
Gas (combus t ion )  
Combust ion 
"Trace-0-Mat' '  
Combust ion 
"Trace- 0- Mat " 
P r e s s u r i z e d  
w i t h  HNO,/HF 

B i o t i c  m a t e r i a l s  P r e s s u r i s e d  
w i t h  HNO o r  

Gas (combus t ion )  
HNO,/HC~ 8 ,  

E x t r a c t i o n  

E x t r a c t  i o n  
E x t r a c t i o n  

E x t r a c t i o n  

E x t r a c t i o n  

Combust ion 
"Trace-0-Mat' '  

ES Yes 
DPASV some 
Spect rophoto ine t ry  no 
E S  Yes 
DPASV 
Spect r o p h o t  oinet ry some 

I C P - E S  Yes 

Spect rophoto ine t ry  no 

Spect rophoto ine t  ry no 
AAS no 
UPASV s Ollie 

Spect rophoto ine t  r y  no 

DPASV soine 

AAS no 

DPASV s o w  

DPASV soine 

DPASV soiiie 

1 

2 

2000 

100 

50 
2 
1 

50 

1 

5 

10  

1 

4 

76 
77 
23 
46 
10,78 

73,75,31 

46  

31  

31 
5 

10 
31  

10 

36,50,79 

10,66 

10 

10 
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Before applying such an optimal combination of dige_qtion, separation, 
concentration and final measurement at the lower ng.g CEVel, one should 
carefully check the accuracy and general performance with the particular 
king of matrix. This is best done by participation in inter-comparisons, 
controls with different methods, use of (certified) reference materials, 
etc. (70).  

For the determination of other elements together with T1 using the same 
procedure, the lower limits of detection are increased and the 
reliability of the results may be decreased. Here, as in many other 
cases, a separation step prior t o  the final measurement gives the most 
accurate and precise results. A measurement with a multi-element 
technique (e.9. X R F ,  ICP-ES, ICP-MS, DPASV, etc;) can be recommended 
after a preconcentration step in which a group separation is involved. 
Optimal detection power and reliable results 'can be best achieved by 
ICP-MS. 

Direct determination of the solid sample in atomic spectrometry (e.9. 
solid sample ICP-ES, ET-AAS, etc;) could be tried for TI as for other 
elements only if reference materials of a very similar matrix are 
availabl?. Such certified reference materials are so far, not available 
in ng.g levels. 

Good results are mainly dependent on the critical attitude, the 
experience and ability o f  the analytical chemist. 

AA 
AAc 
AAS 
APDC 
CMP 

DCTA 
DDTC 
DE 
DIPK 
DPASV 

DPE 
EDTA 
EtOH 
ES 

ABBREVIATIONS 

Pentanol-2 (Isoamyl alcohol) 
Isoamyl acetate 
Atomic absorption spectrometry 
NH4-pyrrolidineddthiocarbamate 
Capacitively coupled microwave 
plasma 
Dicyclohexyltetraacetate 
Diethyldithiocarbamate 
Ethoxy-ethane (diethyl ether) 
Diisopropylketone 
Differential pulse anodic 
stripping voltammetry 
Diisopropylketone 
Ethylenediaminotetraacetate 
Ethanol 
Emission spectrometry 

FAAS 
GF-AAS 
ICP 
KTPB 
HMA-HMDC 

LTA 
MIBK 
MIP 
PAN 
PEG 
THF 
TBM 
TOA 
TOP0 
TTA 
SCE 

Flame AAS 
Graphite furnace AAS 
Inductively coupled plasma 
Potassium tetraphenylborate 
Hexamethylene ammonium hexa- 
methylenedithiocarbamate 
Low temperature ashing 
Methylisobutylketone 
Microwave induced plasma 
1-(2-pyridylazo)-Z-naphthol 
Polyethyleneglycole 
Tetrahydrofurane 
Thiodibenzoylmethane 
Tri-n-octylamine 
Tri-n-octylphosphine oxide 
Thenoyltrifluoroacetone 
Saturated calomel electrode 
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