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Man's a c t i v i t i e s ,  p r i m a r i l y  f o s s i l  fuel combustion, c u r r e n t l y  
introduce about 47 x 106 kg of Ni per year in to  the wor ld 's  
atmosphere (NRIAGU 1979); t h i s  rate is expected to increase 
g rea t l y  dur ing the next 20 years (WILSON 1980). Much of t h i s  Ni 
is  associated wi th  sub-micron atmospheric p a r t i c l e s  (NAS 1975). 
When these p a r t i c l e s  deposi t  at the sea surface, about 47% of the 
associated Ni is  released in a soluble form (HODGE et a l .  1978) 
that  could enter marine food webs. 

Ni is  n o r m a l l y  present in seawater at 0.1 to 2.4 pg/L 
(BRULAND 1980; CHESTER & STONER 1974; NAS 1974; DANIELSSON 1980), 
and Ni concentrat ions in marine pelycepods range from 0.05 to 
3.2 Ng/g dry w t . ,  depending upon the loca t ion  of c o l l e c t i o n  (REISH 
et a l .  1981). Higher concentrat ions of  Ni in seawater may be 
tox i c  to marine l i f e .  The 48-h LCso for  Ni is  1,180 and 310 Ng/L 
for  oyster  embryos and hard-she l l  clam embryos, respec t i ve l y  
(CALABRESE et a l .  1973; CALABRESE & NELSON 1974). 

L i t t l e  in format ion ex is ts  regarding the a b i l i t y  of marine 
s h e l l f i s h  to concentrate Ni from seawater. Our studies were 
undertaken to determine the degree of b ioconcent ra t ion ,  k i ne t i cs  
of  accumulation, and t i ssue  d i s t r i b u t i o n  of Ni in marine clams 
exposed to seawater enriched wi th  subtox ic  leve ls  of Ni. 

METHODS 

L i t t l eneck  clams (Protothaca staminea) were co l lec ted  from 
the i n t e r t i d a l  area of Sequim Bay and held in running seawater for  
48 h p r i o r  to exposure. For basel ine Ni concent ra t ions,  10 
separate clams or clam g i l l s  were depurated in clean f lowing 
seawater for  2 days, dr ied at 60~ digested in  U l t rex  HNO 3 and 
analyzed on an Inst rumentat ion Laborator ies 251 atomic absorpt ion 
spectrophotometer. For the excised g i l l  exposure, clams were 
shucked and the g i l l s  dissected free. Single g i l l s  were placed in 
polyethy lene beakers wi th  100 or 150 mL of 0.45 Nm f i l t e r e d  
seawater at 10~ and s a l i n i t y  of 31% o. One hundred pL of a 
NiNOa so lu t i on  conta in ing c a r r i e r - f r e e  63Ni was added to each 
beaker to y i e l d  t o ta l  Ni concentrat ions between 0.5 and 8 Ng/L. 
The g i l l s  were incubated at constant temperature wi th  gent le 
ro ta ry  s t i r r i n g .  To measure the rate of release of Ni, g i l l s  
exposed to 8 Ng/L Ni for  48 h were t rans fe r red  to 130 mL of clean 
seawater, incubated under the same cond i t i ons ,  and at time 
i n t e r va l s  of 3 and 24 h were t ran fe r red  to new beakers of f i l t e r e d  
seawater. During the exposure, 100 NL samples of water were 
removed at time i n t e r v a l s  for  count ing of r a d i o a c t i v i t y .  A l l  
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r a d i o a c t i v i t y  was corrected for  counting e f f i c iency  and converted 
by spec i f i c  a c t i v i t y  to concentrations of Ni. Af ter  exposure, 
g i l l s  were rinsed wi th clean seawater, dried to constant weight at 
60~ and digested in 15 mL of formic acid at 60~ for  48 h. A 
0.5 mL su,b~ample of the formic acid digestate was added to 15 mL 
of Aquasol and counted in a l i qu i d  s c i n t i l l a t i o n  counter. 

Whole clams were exposed to Ni in ind iv idua l  I L polyethylene 
"dispo" beakers containing 800 mL of 0.45 pm f i l t e r e d  seawater and 
8 pg/L Ni plus 63Ni at 10~ wi th aeration. To avoid deplet ion of 
Ni from the water, clams were t ransferred a f te r  24 h to new media 
under the same condit ions. At the end of the 48-h exposure, clams 
were removed, rinsed wi th clean seawater, shucked, dissected in to 
ind iv idua l  organs, and treated as described for  g i l l s  above. The 
quant i ty  of Ni el iminated by feces or pseudofeces during the 
second 24-h period was measured by f i l t e r i n g  the to ta l  800 mL 
through 0.45 pm f i l t e r s  and counting the par t i cu la te  Ni 
r ad i oac t i v i t y .  

RESULTS AND DISCUSSION 

Baseline Ni levels in clams col lected from Sequim Bay were 
1.15 • 0.09 and 2.38 • 0.11 (• SEM) Pg/g dry wt for  whole sof t  
bodies and excised g i l l s ,  respect ive ly .  Both accumulation and 
release of Ni by excised clam g i l l s  exposed to 8 pg Ni/L fo l low 
biphasic k inet ics  wi th an i n i t i a l  rapid rate followed by a second 
and slower rate (Fig. I ) .  
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Fig. 1. Accumulation and e l iminat ion of Ni by excised clam g i l l s  
exposed to 8 pg Ni/L seawater. Ver t ica l  bars enclose 
standard errors. 

In i t ia l  3 h accumulation (A I) and release (A z) occur at similar 
rapid rates (7 and 10 ng/g/h, respectively). This suggests an 
easily exchangeable compartment. This could represent either Ni 
loosely sorbed to the g i l l  surface and/or Ni which is swept into 
the spaces of the highly convoluted g i l l  epithelium by solvent 
drag (BERRIDGE & OSCHMAN 1972) and not released by the external 
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rinsing and blotting of the undepurated gi l ls  prior to drying. 
The slower accumulation (BI) and release (B2) rates can be 
described by the linear relationships: 

1) accumulation: YI = 20.5 pg/g + B i t  r 2 = 0.99 
2) e l im ina t ion :  Y2 = 14.11 Ng/g - B2t r 2 = 1.00 

where: B 1 = 0.52 Ng/g/h 
B2 = 0.12 Ng/g/h 

t = time (h) 

The h a l f - l i f e  of Ni (ca lcu la ted  from B 2) in excised g i l l s  is  59 
-h. B I and B2 probably represent b io log i ca l  uptake and release of 
the Ni by less eas i l y  exchangeable compartment(s). 

Ni accumulation in excised g i l l s  ( i . e L ,  B z) increased wi th  Ni 
leve ls  in seawater. We represent t h i s  as a l i n e a r  func t ion  
A = 0.082 + 0.080C ( r  2 = 0.95) where A = g i l l  Ni accumulation 
dur ing 3 to 24 h in ng Ni/g dry wt/h and C = concentrat ion of Ni 
in seawater in pg/L (Fig. 2). However, clams were exposed to only 
three concentrat ions of  Ni in  seawater. I t  is  poss ib le  tha t  at 
higher Ni concentrat ions the uptake rate would become saturated. 
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Fig. 2. Three to 24 h accumulation of Ni by excised clam g i l l s  
increases wi th  Ni seawater concentrat ion,  n = 12. 

Bioconcentrat ion fac tors  (BCF) fo r  Ni accumulation were 
determined fo r  g i l l s  and whole animals using Ni per gram dry 
weight of t i ssue  versus Ni per volume of seawater as a basis 
of comparison ( i . e . ,  ng Ni /g dry t i ssue  § ng Ni/mL seawater). 
A l t e rna t i ve  methods fo r  expresslng BCF have been discussed by 
POLIKARPOV (1966). For excised g i l l s ,  the BCF was estimated using 
the k i ne t i c  approach of HAMELINK (1977) and is  ca lcu la ted by 
d i v i d i ng  the slope of the Ni accumulation equation (At,  BI) by 
tha t  for  release (A2, B2). This y ie lded  BCF's of 0.7 and 4.3X fo r  
the fas t  and slow compartments. The value of 0.7 for  the fas t  
compartment ind icated tha t  the rate for  release of Ni by t h i s  
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compartment was close to or sl ight ly greater than the rate of 
accumulation and, therefore, no net Ni uptake occurred. These 
results indicate that the slow compartment with a BCF of 4.3 was 
responsible for Ni accumulation of excised gi l ls .  The BCF of 
whole animals was determined directly by comparing the Ni 
concentration of dry tissues to that of seawater. During the 
exposure of whole clams, the seawater was renewed after 24 h, and 
the seawater Ni concentration declined from 8.18 to 7.23 pg Ni/L 
during each of the 24~ intervals of the 48-h exposure (Table 1). 

TABLE 1. Distribution of Ni between compartments. Clams exposed 
48 h to 8 pg/L Ni, (• standard error). 

% 
Compartment Dry wt ng Total of Ni % of total  

(n) (g) Ni/g ng Ni added soft body 

Adductor 0.300 16.5 4.9 0.07 7.4 
muscle(6) (0.21) (1.8) (0.6) 

Neck + 0.675 29.6 19.5 0.30 29.3 
mantle(6) (0.058) (4.2) (2.6) 

Visceral 1.054 18.6 18.4 0,28 27.7 
mass(6) (0.136) (3.6) (2.8) 

Gi l ls(6) 0.181 139.6 23.7 0.36 35.6 
(0.021) (18.4) (2.5) 

a) Total soft 
body 2.21 30.1 66.5 1.02 

b) Feces(3) - - 39.0 0.60 

c) Shell(4) 16.89 30.2 488.8 7.47 
(1.74) (9.1) (148.7) 

735.0 

d) Water(3)* i n i t i a l  8.18x103 6.54x103 
(0.08) (0.07) 

after 7.23x103 5.78x103 88.38 
each 24h (0.15) (0.12) 

Total (a,b,c ,d) 97.47 

* Values for water are ng Ni/mL. 
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The mean concentration was 7.7 pg/L. The concentration of Ni 
in the whole clams was 30.1 ng Ni/g dry weight a f te r  the ent i re  
48-hour exposure and ref lected a BCF of about 4.0. This value 
showed good agreement with the BCF of 4.3 from the excised g i l l  
experiment described above. The BCF for  Ni is qui te low when 
compared to other metals. Under s imi la r  condit ions we have found 
24 h BCF's one to two orders of magnitude higher for  Cd, Cu and Hg 
(HARDY 1982). 

From the mass balance of Ni added during the exposure, i t  is 
evident that ,  of the to ta l  Ni added to the exposure, only about 1% 
was accumulated by the soft-body t issues of the clam; 0.6% was 
contained in the feces excreted during a 24 h period, and a large 
proport ion,  or 7.5% of the to ta l  nickel added, was accumulated by 
the clam shel l .  The shell represents a major reposi tory  for to ta l  
Ni wi th more than 7 times as much Ni as the to ta l  soft-body parts 
(Table 1). In a l l ,  97.5% of the added Ni could be accounted for  
by the water, shel l ,  feces, and soft-body compartments. The 
remaining 2.5% may have been adsorbed on the walls of the exposure 
container, as has been shown for  Cd and Zn by HENNIG and GREENWOOD 
(1981). 

Measurements of the Ni contained in ind iv idual  organs of the 
clam indicate that  concentrations, i . e . ,  ng Ni/g dry wt, increase 
in the order of adductor muscle < v isceral  mass < neck + mantle < 
g i l l s .  This order also holds true for  the to ta l  amount of Ni 
contained w i th in  each organ (Fig. 3). The high concentration of 
Ni in the g i l l s  of the whole clams indicates that  g i l l s  are a 
major s i te  for  Ni accumulation. 

500 

E 11111 

U 10 
U 

'~ 5 
Z 
.J 

p- 

Fig. 3. 

~ SHELL 
TOTAL 
SOFT 
BODY 

FECES 

GILLS NECK+ VISCERAL / 

I M NT'  M,SS 

COMPARTMENT 

Compartmental d i s t r i b u t i o n  of added Ni. 

Ni concentrations in the g i l l s  of whole clams exposed to 8 
pg/L were 3X greater than those of excised g i l l s  exposed to the 
same Ni concentration for 48 h. Recent studies by WRIGHT et al. 
(1980) have shown that  excised g i l l  preparations exh ib i t  
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i n h i b i t i o n  of l a te ra l  c i l i a r y  a c t i v i t y .  This would r e s u l t  in 
decreased movement of seawater over g i l l  membranes, the presence 
of an uns t i r red  layer ,  and a reduct ion in the rate of so lu te 
exchange. This may exp la in  the lower Ni accumulation by excised 
as opposed to i n t a c t  g i l l s  in our study. However, since release 
and accumulation rates would be af fected to a s i m i l a r  degree by 
the decrease in water c i r c u l a t i o n ,  the b ioconcent ra t ion fac to r  fo r  
Ni in excised g i l l s ,  ca lcu la ted from k i n e t i c  cons idera t ions ,  would 
not be af fected by the reduced exchange rate.  The BCF of 4.3X for  
excised g i l l s  was able to accurate ly  p red ic t  tha t  fo r  the whole 
clam. 

In summary, these resu l t s  demonstrated tha t ,  in the marine 
clam P. staminea, both uptake and e l im ina t i on  rates of Ni were 
b iphas ic ,  w i th  an i n i t i a l  rapid phase (probably surface adsorpt ion 
and desorpt ion)  and a second slower phase responsib le fo r  net 
accumulation. Whole clams accumulated subs tan t ia l  quan t i t i es  of 
Ni. However, much of t h i s  was associated wi th  the she l l  and 
b ioconcent ra t ion of  Ni from seawater occured to a much lesser  
degree than Cd, Cu, or Hg under s i m i l a r  cond i t ions .  
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