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Many ea r l i e r  s tud ies  have  c o n c e n t r a t e d  on common t r ans i t i on  
e lements  with known biological func t ions  and toxicological  
s igni f icance ,  e.g. cadmium, lead, copper ,  z inc (Vernberg  e t  al. 1985), 
bu t  f ewer  on o t h e r s  such  as thallium (T1). Zitko (1975) rev iewed  t he  
toxic i ty  of TI as an env i ronmen ta l  contaminant  r e su l t i ng  from mines; 
o r e - p r o c e s s i n g  plants ,  especia l ly  t he  p roces s ing  of suff ide  o res  
(Smith and Carson 1977); and c o a l - b u r n i n g  power s ta t ions .  Flegal  e t  
al. (1986) rev iewed the  avai lable  information on T1 c o n c e n t r a t i o n s  in 
marine species ,  r ang ing  100-140 n g - g  "~ wet wt. fo r  Teleost i  and <500 
n g - g  -~ for  Moilusca. Hsieh eL al. (1982) r e p o r t e d  t h a t  " f r e sh  f i sh"  
conta ined  2.6 pg T l .g  -~ wet wt. The a v e r a g e  daily human in take  of 
T1 is es t imated to be ca. 2 pg (Smith and Carson 1977). 

TI measurement  in env i ronmenta l  samples has  been rev iewed  by  
Smith and Carson (1977). Graphi te  f u r n a c e  atomic abso rp t i on  
s p e c t r o p h o t o m e t r y  has  the  n e c e s s a r y  sens i t iv i ty ,  bu t  s u f f e r s  from 
i n t e r f e r e n c e  and loss (T1 n i t r a t e s  may be lost  du r ing  t he  ash ing  
s tep) .  I n d u c t i v e l y  coupled  plasma emission s p e c t r o m e t r y  (ICP-AES) 
s u f f e r s  from poor s ens i t i v i t y  fo r  T1. 

Uranium (U) has  been s tud ied  as a rad ionuc l ide  of conce rn  in food 
and t he  env i ronmen t  (Berlin and  Rudell 1979). Foods tu f f s  conta in  
10-100 ng U .g  -1, with vege t ab l e s  and ce rea l s  c o n t r i b u t i n g  most 
heav i ly  to  t he  daily in take  of ca. 1.5 pg U (Wefford and Baird 1967). 
Between 10-30% of inges t ed  U is abso rbed ,  with most being s t o r ed  
in bone (Berlin and  Rudell 1979). Rainbow t r o u t  (Onchorynchus 
mykiss) and longnose  s u c k e r  (Catostomus catostomus) from a lake 
with na tu ra l l y  h igh r ad ioac t iv i ty  conta ined < 5 ng U.g  -1 in t he  f lesh  
(Hahon 1982). T rou t  bone conta ined  40 ng U .g  -1. Higher t i s sue  U 
concen t r a t i ons  o c c u r r e d  in f ish from a reas  r ece iv ing  U mining wastes  
(Swanson 1983). Bioconcent ra t ion  f ac to r s  fo r  bone and f lesh  were  
es t imated t o  be low, 118 and 14.7, r e s p e c t i v e l y  (Mahon 1982). 

I n d u c t i v e l y  coupled  plasma-mass s p e c t r o m e t r y  (ICP-MS) has  been  
used  for  measurement  of the  U se r i e s  of e lements  in env i ronmen ta l  
samples, e.g.,  vege ta t ion ,  soil, dus t ,  and a i r  (Boomer and Powell 
1987). One a d v a n t a g e  of us ing  ICP-MS is i ts  spec i f ic i ty  and lower 
de tec t ion  limits compared  to  opt ical  methods.  ICP-AES has been used  

Correspondence to: C. L. Chou 



47"55' 

50' 

45' 

40' 

Control Site 
LIW Belledune 

. . . .  

" 7  

l | I l 

66~ . 55' 50' 45' 

Chaleur 

Bay l 

N 

PET 

| ! 

40' 35' 

Figure  1. Lobster  cap tu re  s i tes  in the  area  of Belledune Harbor, New 
Brunswick, Canada. 

for  U analys is  (Huff and Bowers 1990). However, it  is sub j ec t  to 
spect ra l  i n t e r f e rences  and has  re la t ive ly  high detect ion limits. Other 
common techniques ,  e.g., a - radiometry ,  spec t romet ry ,  f luorometry ,  a re  
slow, tedious (i.e., t he  addi t ion of t r ace r s ,  separa t ion  p rocedures  
such as chelation, e lect ropla t ing,  or ion-exchange) ,  and sub jec t  to 
in te r fe rences .  

This paper  descr ibes  the  ICP-HS determinat ion of TI and U in 
d iges t ive  gland t i s sue  from lobs ters  cap tu red  in the  v ic in i ty  of 
Belledune Harbor, New Brunswick,  Canada. The ha rbor  is the  si te of 
a lead smelter,  a fer t i l izer  plant,  and a coal-f i red power s ta t ion (the 
la t te r  due to en te r  product ion  in late 1993) and t h u s  has the  
potential  of add ing  s igni f icant  amounts  of TI to the  local marine 
envi ronment  (Zitko 1975). TI was s ta ted  by Zitko (1975) to be 
s l ight ly  more acu te ly  toxic to mammals t han  mercury .  Reports  on the  
chronic  toxici ty of TI to marine organisms were not  found.  The 
accumulation of Tl from water by  marine shel l f ish  is low (Zitko and 
Carson 1975), a t  least  for  bivalves,  and the  accumulated TI is 



Table 1. I n s t rumen ta l  pa r ame te r s  of t he  ELAN 5000 ICP-btS. 

RF Power 1000 wat ts  
Plasma gas flow 15 L-rain -1 
Auxiliary gas flow 0.8 L-min -1 
Nebul izer  gas flow 0.9 L-rain -1 
Sampler Nickel 
Skimmer Nickel 

Operatin~ Conditions 

TI and U 2SSu and 238U 

Dwell time 600 ms. 300 ms. 
Replicate time 7200 ms. 36000 ms. 
Reading 12 sweeps  12 sweeps  
Replicate 3 r e ad ings  10 r e a d i n g s  
Scanning  Peak hop Peak hop 
Time f ac to r  12 for  ZaSU 
Resolut ion Nor real Nor real 

el iminated in a number  of days  when t he  animals a r e  t r a n s f e r r e d  to  
clean water .  Bioconcent ra t ion  f ac to r s  fo r  U in f inf i sh  r a n g e d  from 
0.4-17 for  l a rge r  spec ies  (Swanson 1983}. However,  because  of t he  
h igh concen t r a t i ons  of va r ious  t r a c e  e lements  in lobs te r  d iges t i ve  
gland (Chou and Uthe 1993), i ts des i rab i l i ty  as a foods tuf f ,  and i ts  
r e l a t i ve ly  l a rge  size (approximate ly  20% of t he  edib le  t i s sue  yield 
[S tewar t  e t  al. 1967]), we have  inves t iga t ed  TI and U concen t r a t i ons  
and 23SU/2aSU ra t ios  in it. 

M A ~ S  AND METHODS 

Lobs t e r  c a p t u r e  s i tes  a r e  shown in F igu re  1. The con t ro l  s i te  was 
located on t h e  seaward s ide  of Heron Is land in Chaleur  Bay. Animals 
(15-20 pe r  si te)  were  c a p t u r e d  by  local f i she rmen  us ing  conven t iona l  
t r a p p i n g  methods in btay, 1992. They  were t r a n s p o r t e d  l ive to  t he  
l a b o r a t o r y  where  each in tac t  d iges t ive  gland was r ap id ly  removed  
and homogenized by h a n d - k n e a d i n g  in Whirl-Pak bag. One pooled 
sample was p r e p a r e d  per  s i te  us ing 3 g por t ions .  Th ree  s u b -  
samples (0.800-1.200 g} of each  pool were  d iges ted  in ca l ib ra ted  50- 
mL Folin-Wu t u b e s  (BDH boiling chips)  with 5 mL conc.  HNO a. The 
t u b e s  were  hea ted  gen t ly  unt i l  f r o t h i n g  ceased,  t h e n  gen t ly  r e f luxed  
on microKjeldahl hea t ing  r a c k s  fo r  6 hr .  After  cooling, each  d iges t  
was made up to 25 mL with qua r t z -d i s t i l l ed  HzO, cove red  with 
Parafilm, and lef t  a t  room t e m p e r a t u r e  fo r  2 days  to allow the  
r e s idua l  fa t  to  clump as a f loat ing mass. A por t ion  of t he  c lear  
aqueous  phase  was t aken  and f u r t h e r  d i lu ted (1:3) with Hz0 fo r  
ana lys i s  (an overa l l  di lut ion of 1:75). 

A Pe rk in -E lmer  SCIEX ELAN 5000 ICP-HS was used  t h r o u g h o u t .  The 
sys tem is equ ipped  with a f o u r - c h a n n e l  mass flow con t ro l l e r  to  



Table 2. Accuracy and precision in the determination of thallium and 
uranium (ng.g "I wet wt.) in lobster digestive gland and NIST oyster 
reference material by nitric acid dissolution and ICP-HS using 
external standardization and the method of standard additions. 
(Standard deviation is shown, N -- 3) 

Sample 
Site 

Control 

ThalHum 

Externa l  
S t anda rd  

8.89+-0.14 

Hethod of 
S t anda rd  
Addit ions 

9.05+-0.26 

Externa l  
S t anda rd  

i |  

10.34• 

Uranium 

Method of 
S t anda rd  
Addit ions 

10.95• 

LOBE 45.62+-0.02 44.86+-0.92 95.03+-1.07 93.33+-2.17 

HW 193.5+-3.0 199.0+3.2 45.07• 44.66• 
I I 

NIST-SRM 
Oys te r  not  ana lyzed  not  ana lyzed  99.88+-3.65 106.3+-4.2 

unce r t f f i ed  unce r t i f i ed  116_+6 
Cert i f ied 

Value 116• 

stabi l ize  all plasma gas flows. A s t a n d a r d  c o r r o s i o n - r e s i s t a n t  s p r a y  
chamber  (Ryton),  a c ross - f low nebul izer ,  and  a Perk in -Elmer  Model 
AS 90 random access  au tosampler  were  used .  Table 1 l ists  
in s t rumenta l  pa ramete r s .  Lower limits of de tec t ion  were  6, 4.5, and 
7 pg-mL-* for  T1, 23Su, and 2aau, r e spec t ive ly ,  based  on 3 o of blank 
in t ens i t y  counts .  This c o r r e s p o n d s  to  concen t r a t i ons  of 0.45 ng 
Tl-g -1, 3.37 ng 2aSu.g-1, and 0.53 ng 2aau.g-* fo r  1 gram wet t i s sue .  

A se r ies  of s t a n d a r d  solut ions,  conta in ing  0.5, 1.0, and 2.0 ng-mL-* 
T1 and U, were  p r e p a r e d  in 1% HNO 3 and used  as ex t e rna l  ca l ibra t ion  
s t a n d a r d s .  Thorium (10 ng .mL -t) was added  on- l ine  to  c o r r e c t  for  
d r i f t  of the  ICP-HS. Analyses  also employed t he  method of s t a n d a r d  
addi t ions  (two addi t ions ,  t h r e e - p o i n t  simple l inear  ex t rapola t ion  to  
yield the  i n t e r c e p t  fo r  c o r r e c t i n g  for  matrix i n t e r f e r e n c e s ) .  The 
HNO 3 blank value  was negl igible  (ca. 15 counts-sec-~) .  

The s t a n d a r d  solut ions were  p r e p a r e d  from s ingle  e lement  (1.000 
mg-mL -~) s t a n d a r d s  (SPEX I n d u s t r i e s ,  NJ). A s t a n d a r d  solut ion 
conta in ing  1.0 ng U.mL -~ and a 2aSu/23aU ra t io  of 0.0072 was used  to  
ca l ib ra te  the  2aSU/23aU ra t io  in t he  samples. Cal ibrat ion c u r v e s  were  
calculated from the  i n t ens i t y  ra t ios  of the  thor ium in t e rna l  s t a n d a r d  
and the  ana ly tes .  The 23SU/2aau isotope ra t ios  were  ca lcula ted  for  
each sample and our  U s t anda rd .  

RESULTS AND DISCUSSION 

No d i f f e r ences  were found  in T1 and U concen t r a t i ons  in se lec ted  
lobs te r  d iges t ive  gland pooled samples as  de te rmined  by  ex t e rna l  
s t anda rd i za t ion  and t he  method of s t a n d a r d  addi t ions  (Table 2). The 
samples were se lec ted  to span  t he  concen t r a t i on  r a n g e s  of both 



Table 3. Thallium and Uranium Concen t ra t ions  (ng -g  "1 wet wt.) and 
23~U/23SU Ratios in Lobs t e r  Digest ive Gland from Bel ledune Harbor ,  
New Brunswick,  Canada. (S tanda rd  devia t ion  is shown, N = 3) 

Sample 
Site 

Control  

I 

Thallium Uranium ~35U/~3SU Ratio 

8.89• 10.34• 0.0082• 

L1W 38.60• 19.52• 0.0081• 

LOBE 45.62• 95.03• 0.0078• 

HW 193.5• 45.07• 0.0078• 

HE 170.3• 44.61• 0.0078• 

LIE 155.4• 20.95• 0.0082• 

L4E 48.25• 17.13• 0.0083• 

PET 31.22• 14.52• 0.0084• 

U S t a nda rd  0.0073• 

elements .  The excel lent  ag reemen t  be tween s t a n d a r d  addi t ion  and 
ex te rna l  ca l ibra t ion  p r o c e d u r e s  s u g g e s t s  t h a t  d i lu ted HNO~ d iges t s  
of lobs te r  d iges t ive  gland conta ined  no material  with mgnff icant  
matrix e f f e c t s  on T1 and  U measurement .  However,  only  t he  method 
of s t a n d a r d  addi t ions  gave  t he  cer t i f ied  U c o n c e n t r a t i o n  with t he  
NIST o y s t e r  t i s sue ,  No. 1566 (Table 2). Exte rna l  s t anda rd i za t i on  gave  
low va lues  (Table 2), s u g g e s t i n g  tha t  t he  n i t r i c  acid p r o c e d u r e  is 
not  su i tab le  fo r  o y s t e r  t i s sue  when ex t e rna l  s t anda rd i za t i on  is used .  
Dry o y s t e r  t i s sue  (ca. 0.25 g, equ iva l en t  to  1-1.5 g wet t i s sue)  had 
been d iges ted .  

T1 c onc e n t r a t i ons  were  e leva ted  (Table 3) compared  to t he  con t ro l  in 
d iges t ive  g lands  from l obs t e r s  c a p t u r e d  within Bel ledune Harbor  and 
at  t he  L1E s i te  ( the  d i s c h a r g e  a rea  of t r e a t e d  aqueous  e f f luen t  from 
the  lead smelter) .  The sou rce  of Tl within Bel ledune Harbor  is 
obscu re .  The smel ter  has  not  d i s cha rged  e f f l uen t  into t he  h a r b o r  
s ince  late 1980, a l though  a b reak  in an u n d e r g r o u n d  pipe p r io r  to 
t he  1986 lobs te r  s u r v e y  (Chou and Uthe 1993) a t  t he  smel ter  led to  
subs tan t i a l  and con t inu ing  recontaminat ion  of h a r b o r  l obs t e r s  
t h e r e a f t e r .  Also t he  e x p o s u r e  of bed rock  du r ing  h a r b o r  d r e d g i n g  
and modification fo r  a coa l - f i red  power plant  in 1990-1991 may have  
re leased  TI. T1 c o n c e n t r a t i o n s  at  s i tes  nea r  t he  f e r t i l i ze r  p lant  
d i s c h a r g e  (LOBE si te)  were  also e leva ted  compared to  controls ,  bu t  
less  t ha n  o b s e r v e d  in t he  h a r b o r .  The above  s u g g e s t s  t ha t  both  t he  
f e r t i l i z e r  p lant  and t he  lead smel ter  a r e  sou rces  of TI. Power p lant  
ope ra t i on  can be expec ted  to i nc rease  T1 i npu t  to t he  local 
env i ronme n t  (Smith and Carson 1977; Zitko 1975). 

In c o n t r a s t  to t he  d i s t r i bu t ion  of TI in lobs te r  d iges t ive  glands,  U 
conc e n t r a t i ons  were h i g h e s t  nea r  t he  f e r t i l i ze r  p lant  out_fall (Table 
3; LOBE site) .  U concen t r a t i ons  in h a r b o r  lobs te r  d iges t ive  g lands  



were about  one-ha l f  LOBE concent ra t ions  and  still  lower a t  the  L1E 
site, where t r ea t ed  smelter  e f f luen t  is d i scharged .  23~U/z38U rat ios  
in uncontaminated  lobs te rs  from Chaleur Bay show enr ichment  
compared to the  geological mean of 0.711% 23SU by weight  (Weast 
1975) and are  inverse ly  re la ted  to U concent ra t ions ,  sugges t ing  the  
an th ropogen ic  U had a 235U/238U rat io nea re r  the  geological mean. 

In conclusion, incomplete sample dissolut ion with n i t r ic  acid is 
acceptable  for the  determinat ion of T1 and U in lobs ter  d iges t ive  
gland samples by ICP-HS. The method is s t r a igh t fo rward ,  with no 
need for  f u r t h e r  chemical t r ea tmen t  pr ior  to ana lys i s  by ICP-HS. 
Lobs te rs  from Belledune Harbor and i ts  immediate envi rons  contain 
e levated T1 and U concent ra t ions ,  the  s ignif icance of which should 
be assessed  from the  perspec t ive  of protect ion of seafood consumers .  
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