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Polychlor inated biphenyls (PCBs), d ibenzodioxins (PCDDs), and d i -  
benzofurans (PCDFs), as well  as a number of ch lo r ina ted  pest ic ides 
and other re la ted compounds are character ized by a wide d i s t r i b u -  
t i on  in the environment. This is due to the combination of t h e i r  
large scale commercial production or widespread formation wi th 
t h e i r  genera l ly  long environmental pers istence.  Some of the above 
compounds are also h igh ly  tox ic  and have carcinogenic and te ra to -  
genic a c t i v i t y  in animal species even at trace level exposure (US 
EPA 1985). The above compounds e x h i b i t  a high a f f i n i t y  fo r  l i p o -  
p h i l i c  matrices and may concentrate in the b iota reaching leve ls  
remarkably higher than those in the surrounding media (Ellgehausen 
et a l .  1980; Hawker and Connell 1986; Miyata et a l .  1987). Due to 
b ioconcent ra t ion ,  compounds which are not harmful per se at env i -  
ronmental d i l u t i o n  may become a major source of t ox i co log i c  r i sk .  

Scapharca inaequ iva lv i s  (Gh iso t t i  and Rinald i  1976) is not a compo- 
nent of I t a l i a n s '  regu lar  d ie t .  However, in recent years the 
mollusc has become a t h r i v i n g  part  of  I t a l i a n  coastal fauna and, 
because of tha t ,  an i n t r i g u i n g  s c i e n t i f i c  subject .  L i t t l e  doubt 
ex is ts  that  i t  was acc iden ta l l y  introduced from i t s  nat ive Japanese 
waters in to  the Mediterranean and, s p e c i f i c a l l y ,  Ad r i a t i c  seas 
where i t  qu ick ly  adapted and s tar ted to p r o l i f e r a t e .  Indeed, 
Scapharca inaequ iva lv i s  seems to surv ive in h igh ly  eutrophic media 
- such as some zones of  the Ad r i a t i c  sea ( Jus t i c  1987; Sf r iso  et 
a l .  1987) - be t te r  than most indigenous molluscs: the higher 
adaptat ion c a p a b i l i t y  may be provided by i t s  hemoglobin-based blood 
d i f f e r e n t  from that  of common molluscs. In fac t ,  hemoglobin could 
provide a be t te r  surv iva l  po tent ia l  in p a r t i c u l a r  when oxygen 
concentrat ion in the medium is low (Carpen~ et a l .  1985; San George 
and Nagel 1985; Chiancone et a l .  1986). 

For i t s  resp i ra to ry  cha rac t i s t i c s  and t h r i v i n g  power even in 
adverse cond i t ions ,  Scapharca inaequ iva lv is  has been considered an 
i n t e res t i ng  subject fo r  t h i s  i nves t i ga t i on  also in order to es- 
t imate i t s  use as a b io log ica l  i nd i ca to r  and/or accumulator of  
environmental contaminat ion. The resu l t s  presented are the p re l im i -  
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nary outcome of a study in progress aimed at the def in i t ion  of 
c r i t e r i a  and methodologies to: (a) detect microcontaminants ( in-  
cluding polynuclear aromatics) and pesticide residues in marine 
ecosystems, and (b) assess the i r  impact on the ecosystems involved. 
A more exhaustive investigation to estimate man's exposure to said 
compounds through the food chain is expected to be developed. 

MATERIALS AND METHODS 

Acetone and hexane were high pur i ty  solvents provided by Rudi Pont 
Eurobase (Milan, I t a l y ) .  iso-Octane, diethyl ether, and anhydrous 
ethyl alcohol were furnished by Fluka (Buchs, Switzerland) or BDH 
I ta l i a  (Milan, I t a l y ) .  Except for  hexane which was d i s t i l l e d  in a 
glass apparatus pr ior  to use, a l l  other solvents were used as 
supplied. Orthophosphoric acid, concentrated su l fur ic  acid, and 
anhydrous sodium sulfate were purchased from Carlo Erba (Milan, 
I ta ly )  or BDH I ta l i a  (Milan, I t a l y ) .  Sodium chloride and sodium 
carbonate were furnished by E. Merck (Darmstadt, FRG). 

Fenclors (PCBs) came from Caffaro (Genoa, I t a l y ) .  Individual 
2 , 4 , 4 ' - t r i - ,  2 , 2 ' , 5 , 5 ' - t e t r a - ,  2 ,3 ' ,4 ,4 ' ,5 -penta- ,  2 ,2 ' , 3 ,4 ,4 ' , 5 -  
hexa-, and 2 ,2 ' ,3 ,4 ,4 ' ,5 ,5 ' -heptach loro  PCB isomers were provided 
by CIL (Woburn, Massachusetts). 2,3,7,8-Tetra-,  1,2,3,6,7,8-hexa-, 
and octachloro dibenzodioxins and dibenzofurans were also provided 
by ClL. Hexachlorobenzene (HCB) was purchased from Al l tech (Deer- 
f ie ld ,  l l l i n o i s ) ;  lindane, DDD, and DDT were provided from Supelco 
(B~llefonte, Pennsylvania). Standard substances were GC analyt ical 
grade for environmental assessment (Figure I ) .  

For l i qu id - l i qu id  extract ion, funnels, 250-mL separatory funnels, 
i00- and 250-mL beakers, glass-stoppered i00- and 300-mL Erlenmeyer 
f lasks were used. For treatment and storage, glass-stoppered lO-mL 
centrifuge tubes and 8-mL conical-bottom vials sealed with Teflon- 
lined screwcaps were employed. Borosi l icate glassware was cleansed 
very carefu l ly ,  and kept at 250 ~ overnight pr ior  to use. 

Homogenates were prepared with an Omni-Mixer model 17106 apparatus 
made by OCl Instruments (Waterbury, Connecticut) and equipped with 
50-mL stainless steel blending containers. 

Gas chromatographic analyses were performed on a Hewlett-Packard 
model HP 5840 unit  equipped with a Ni-63 electron-capture detector. 
An HP-5 30-m-long O.53-mm-i.d. macrobore fused-s i l ica column and an 
Ar-lO% methane carr ier  (2 mL/min) were used for th is work. Opera- 
t ing temperatures were: (a) in jec tor ,  250 ~ (b) oven, program 
from 170 to 270 ~ at a rate of 1.8 ~ (c) f inal  isotherm, 40 
min; (d) detector, 300 ~ 

Gas chromatographic-mass spectrometric analyses were performed with 
a Finnigan model 5100 unit  equipped with a s p l i t - s p l i t l e s s  in jector  
and an HP Ultra-2 50-m-long O.32-mm-i.d. fused-s i l ica capi l la ry  
column entering d i rec t ly  the ion source. Helium was used as a 
carr ier  (1 mL/min). Operating conditions were: (a) in jector  temper- 
ature, 290 ~ (sp l i t less  mode); (b) oven, i n i t i a l  temperature at 60 
~ followed by program from 160 to 290 ~ (c) temperature rates, 
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Figure I. (a) Pesticide standard mixture. Gas chromatogram obtained 
by injecting 32-pg HCB, 48-pg lindane, 160-pg DDD, and 96-pg DDT; 
attenuation 6. (b) Reference mixture for PCB assay. ECD gas chroma- 
togram of 4.6-ng Fenclor 54; attenuation 7. 

20 ~ between 60 and 160 ~ 3 ~ between 160 and 290 %; 
(d) f inal isotherm, 5 min; (e) electron energy, 50-70 eV; ( f )  
electron mul t ip l ier ,  2300 V. Scan range for total ion acquisition: 
90--450 amu at a 360 amu/s rate. Isotopic clusters for multiple 
ion detection or MID (underlined masses used for quanti tat ion): 

PCBs (degree of chlorosubstitution, m/z): te t ra - ,  290 292 294; 
penta-, 324 326 328; hexa-, 358 360 362; hepta-, 392 394 396; 
octa-, 428 4 3 - 0 - 4 3 2 ;  . . . . . . . . .  
PCDDs d~gree of chlorosubstitution, m/z): te t ra- ,  320 322 
324; penta-, 354 356 358; hexa-, 388 390 392; hepta-, 422 
426; octa-, 458 460462; 
PCDFs (degree of chlorosubstitution, m/z): te t ra- ,  304 306 



308; penta-, 338 340 342; hexa-, 372 374 376; hepta-, 406 408 
410; octa-,  442 444 446; 
pest ic ides (-na-me, m/z): hexachlorobenzene, 282 284 286; DDD, 
165 235 237; DDT, 165 235 237; a ld r in ,  261 263; heptachlor, 
i00 272 274; d ie ld r i n ,  261 263; endrin, 261 263; chlordane, 
373 375 377. 

The analyt ica l  procedure was adapted from the per t inent  Di rect ive 
of the European Communities (EEC 1987, and references therein) for  
accumulation tests in f i sh .  

Fresh molluscs were kept on ice un t i l  used (up to 24 h). In one 
case, shel ls were opened and, i f  the inside looked clean, animals 
were thoroughly removed avoiding bleeding unt i l  a 65-70-g weight 
(8-10 specimens) was reached. A l t e rna t i ve l y ,  shel ls were opened, 
and animal bodies pierced and le t  bleed exhaust ively.  Bloodless 
bodies were cleansed with d i s t i l l e d  water, dried with laboratory 
paper, and weighed to obtain a 65-70-g sample (16-18 specimens). I f  
necessary, samples were stored at -20 ~ when frozen, samples were 
allowed to thaw for  some time at room temperature before use. 

For each sample, bodies were cut into small pieces. One th i rd  of 
the sample was then transferred to a blending container, added with 
lO-mL 5:2 (v/v)  acetone-hexane mixture, and blended for  5 min at a 
ro ta t ing speed increasing from 4000 to 7000 rpm while cooling at 0 
~ Mixing was stopped and the blended mixture poured on a quanti-  
t a t i ve  paper f i l t e r - l i n e d  funnel held above a separatory funnel. 
The l a t t e r  contained 50-mL 0.9% sodium chloride O.I-M phosphoric 
acid aqueous solut ion.  Blending was repeated two more times: each 
time the blended mixture was f i l t e r e d  and the solvent phase pooled 
with the previous f rac t i on (s ) .  

The empty container was f i l l e d  with 25 mL of the same solvent mix- 
ture and then subjected to mixing for i min at 3000-rpm on ice 
bath. Mixing was stopped and solvent slowly dispersed over the 
f i ne l y  minced material on f i l t e r .  Container blades were cleansed 
care fu l ly  with few small cotton swabs saturated with the acetone- 
hexane mixture, and then r insed; swabs were combined with extracted 
matrix on f i l t e r .  On the whole, 35-mL acetone-hexane mixture was 
used to cleanse the container; solvent used for r ins ing was d i s -  
persed over the bio logical  matr ix as described. A f ina l  50-mL 10:1 
(v/v)  hexane-ether mixture was allowed to percolate through the 
matr ix.  Al l  organic f ract ions were pooled in the separatory funnel. 

The separatory funnel was shaken vigorously for  2 min. The system 
was then allowed to rest and separate overnight.  The organic phase 
was col lected in a tared Erlenmeyer f lask ,  whereas the aqueous 
phase was transferred back to the same separatory funnel. 

The dry extracted bio logical  material was recovered from f i l t e r  and 
reextracted in the blending container with 20-mL acetone-hexane 
mixture for  2 min at 5000 rpm. The homogenate was poured on the 
paper f i l t e r  and the l i qu id  phase gathered on the aqueous layer.  A 
new l i q u i d - l i q u i d  ext ract ion was performed a f te r  adding extra 30-mL 
2:1 (v /v)  ether-hexane mixture and 4-g sodium chlor ide d i r ec t l y  to 
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Figure 2. Reconstructed mass chromatograms of (a) in jected 9.3-ng 
Fenclor 54 (PCB standard), and (b) whole-body Scapharca inaequi- 
va lv is  ext racts .  Indiv idual  MID scan times of te t ra -  to hepta- 
chlor inated isomer groups are v i s i b l e  at the bottom. 

the separatory funnel contents. The separatory funnel was shaken as 
described and allowed to rest  un t i l  separation occurred (<1 h). 
Again, the two phases were separated: the organic one was combined 
with the organic phase from previous ex t rac t ion ;  the aqueous phase 
was retransferred to the separatory funnel. Extract ion was per- 
formed three more times. Extract ion phases were pooled in the same 
tared Erlenmeyer f lask;  the pool was combined with lO-mL anhydrous 
ethanol and evaporated under nitrogen flow unt i l  dry. 

Dry residues were kept in a desiccator un t i l  constant weight (<72 
h). Mean fa t  contents were found to be 0.43% and 0.14% (n = 3) for 
whole-body and bloodless matrices, respect ive ly .  

The dry fa t  residue was dissolved with <4-mL hexane and transferred 
to a cal ibrated tes t  tube. Addit ional 2-mL solvent port ions were 
used to achieve a quant i ta t i ve  t ransfer .  In the test  tube the over- 
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Figure 3. ECD gas chromatograms of Scapharca inaequivalvis extracts 
(whole-body samples): (a) without addit ion of sodium carbonate, (b) 
3 days af ter  sodium carbonate addit ion. Attenuation 7. 

a l l  volume during transfer was kept <5 mL by evaporation under 
nitrogen flow, and reduced to dryness in the end. The dry extract 
was taken up with l-mL iso-octane and added with 4-mL concentrated 
sul fur ic  acid. The tube was sealed, inverted 20 times, and centr i -  
fuged to obtain separation of layers. The 1-mL organic supernatant 
was transferred to a conical-bottom vial and <O.2-g anhydrous 
sodium sulfate was added pr ior  to instrumental analysis. 

RESULTS AND DISCUSSION 

Recovery yields were tested only for HCB, lindane, DDD, and DDT. 
They were added at two d i f ferent  levels (I0 and i00 ppb) to fresh- 
water test  f ish during homogenization. However, because of the 
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Figure 4. ECD gas chromatograms of Scapharca inaequivalv is  extracts 
(bloodless samples): (a) without addi t ion of sodium carbonate, (b) 
3 days a f te r  sodium carbonate addi t ion.  Attenuation 7. 

absence of i n te r fe r ing  GC signals,  O.5-ppb-level HCB was added to 
Scapharca inaequivalv is sample matrices during homogenization to 
provide an addi t ional  measure of recovery y ie ld .  For al l  pest i -  
cides, recovery y ie lds  were always >50% and in most cases between 
70% and 100%. 

GC-MS assessment of pest ic ides,  PCBs, PCDDs, and PCDFs in whole- 
body and bloodless matrices provided s imi la r  f ind ings.  HCB, hepta- 
chlor,  and lindane were absent at a detection threshold of <0.1 
ppb; DDD and DDT exhib i ted levels (uncorrected) between 40 and 120 
ppb. PCB amounts (uncorrected) varied according to the isomer group 
from 4 to 30 ppb, the more chlor inated terms exh ib i t i ng  somewhat 
higher levels (Figure 2). No PCDDs and PCDFs were found at a detec- 
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t ion threshold <0.2 ppb for the least sensit ive terms (octachloro- 
derivat ives).  The presence of blood did not seem to change s i g n i f i -  
cantly the analyt ical patterns of the matrices analyzed (Figures 3 
and 4). However, i t  may be pre l iminar i ly  observed that addit ion of 
sodium carbonate to the iso-octane extract appeared to produce some 
changes in the GC patterns. In the (a)-sections of the f igures, 
open (0) and sol id ( | )  c i rc les indicate disappearing/decreasing or 
appearing/increasing peaks, respectively; the retention times of 
added HCB and a PCB component have been marked for reference. 
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