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Arsen ic  is  t o x i c ,  and a l so  a known carc inogen  (IARC 1979) l i s t e d  
by the U.S.E.P.8. as a priority pollutant. Its toxicity to 
marine organisms is  we l l  documented and r e s u l t s  in  reduced growth 
or inc reased m o r t a l i t y  of  the species ( PASSINO ~ NOVAK 1984; 
OLADIMEJI et al. 1984b; WEIR & HINE, 197@). 

Arsen ic  in  the envi ronment  has both natural and an th ropogen ic  
origin. In nature (L.A TOUCHE & MIX, 1982), it occurs in minera l s  
and ores from which i t  May be re l eased  to the aqua t i c  env i ronment  
by d i s s o l u t i o n  and e r o s i o n ,  In t u rn ,  an th ropogen ic  sources of 
arsenic include industrial and agricultural activities, from where 
it finds its way to the Marine ecosystem. 

Although many data have been reported on the d i s t r i b u t i o n  and 
heavy metal  uptake by marine organisms, a rsen i c  is  r a r e l y  i nc luded  
in  those s t u d i e s ,  p robab l y  because the methods f o r  i t s  
d e t e r m i n a t i o n  r e q u i r e  More complex procedures than the ones used 
in d i r e c t  atomic absorption spec t ropho tomet ry ,  

The purpose of t h i s  i n v e s t i g a t i o n  was to p r o v i d e  i n f o r m a t i o n  about 
the a r s e n i c  l e v e l s  in  marine spec ies  of wide consumption by the 
Ch i l ean  p o p u l a t i o n ,  These data rep resen t  the f i r s t  so f a r  
r e p o r t e d  about the a r sen i c  con ten ts  in  Mar ine species from the 
South Eastern Paci f ic  coastal waters .  

MATERIALS AND METHODS 

811 g lassware u t i l i z e d  here was soaked in  d e t e r g e n t ,  r i n s e d  w i th  
wa te r ,  soaked in  10% n i t r i c  ac i d ,  r i nsed  w i th  d i s t i l l e d  water ,  and 
kept in  the oven at 11@ C u n t i l  needed, 

The reagents  used were a n a l y t i c a l  grade or  e q u i v a l e n t ,  and 
p r e t e s t e d  f o r  p o s s i b l e  c o n t a m i n a t i o n  by heavy meta ls .  

The mar ine species i n v e s t i g a t e d  here were randomly c o l l e c t e d  by 
p r o f e s s i o n a l  l o c a l  f ishermen a long  the Ch i lean  coast  in  the p e r i o d  
A p r i l  1985 to November 1985. Only species of  commercial  i n t e r e s t  

*Correspondence and reprint r eques ts .  
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F igu re  i .  Loca t i on  of the sampl ing area5 a long the Ch i l ean  coast .  

were analyzed. Al l  the f ish species were captured in the bay of 
Valparaiso, while the she l l f i sh  species were co l lec ted in the bays 
of  V a l p a r a i s o ,  Concepci6n and Puer to  Mont l ,  The sampl ing s i t e s  are 
shown in  F igu re  I ,  

Twen ty - fou r  d i f f e r e n t  marine spec ies ,  i n c l u d i n g  12 f i s h  species 
and 12 she l l f i sh  ~pecies, were chemically analyzed for t he i r  
arsenic contents. ln order to get representat ive samples, 4 to G 
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specimens of the bigger fish species, 12 to 20 of the smaller 
ones, and 18 to 30 Molluscs, crustacean and she l l f i sh  sPecimens 
were t a k e n  f o r  a n a l y s i s .  The spec imens  were b r o u g h t  fresh t o  the 
laboratory and analyzed almost upon arrival. 

T a b l e  i .  8 r s e n i c  l e v e l s  i n  t h e  e d i b l e  p a r t s  o f  C h i l e a n  M a r i n e  
fishes (ppm in dry  weight). 

% Water  8s s.d. 

Trachurus murphyi 
Merluccius gayi 
Ophictus pacifici 
Paralabrax humeralis 
Prolatilus juoularis 
Cilus montii 
Genypterus chilensis 
Paralichtys Microps 
Engraulis tigers 
Clupea betinchi 
Sycyaces sangulneus 
Odonthestes regia 

78 
79 
83 
75 
78 
77 
82 
81 
81 
8@ 
78 
80 

I .~@ 
i .50 
i .00 
2.80 
5 95 
0 S@ 
1 00 
1 18 

@ 58 
@ 72 
1 24 

0.27 
@.3S 
0.28 
8.02 
@. 90 
@.12 
0.19 
@.18 
@.22 
@.84 
0.19 
@.33 

s.d.: standard deviation 

The f i s h  s p e c i e s  i n v e s t i g a t e d  i n c l u d e d :  Trachuru~ murphyi ( h o r s e  
m a c k e r e l ) ,  Merluccius gayi ( h a k e ) ,  Ophictum p a c i f i c i  (snake e e l ) ,  
Pro lo la l i lum jugular i~ ( t i l e f i s h > ,  6enypteru~ chi lenai~ (crusk 
eel)~ Paralichly5 microps (plaice), Engraulis rigens <silverside), 
Clupea bentichi (silverside>, Odonthestea regia (s i lvers ide>,  
Paralabrax humeralis (no s imi l  in the U.S.), C i l u e  montii (no 
simil), and SyaciaseS sanguineus (no simil>. In return,the 
molluscs, crustacean and she l l f i sh  species included~ Concholepas 
concholepes <abalone), Thaia chocolala (sea snail), Chlamys 
purpuratus <scallops), Mytilua chilensis (blue mussel), Aulacomya 
a l e r  ( r i b b e d  m u s s e l ) ,  A rmagh inomya antiqua ( c l a m ) ,  Mesodesma 
donacium (no  s i m i l ) ,  Cancer edwardsii (common c r a b ) ,  He~erocarpu5 
reedi (baby rock lobster), Pleuroncodes monodon (pink. shrimp), 
Pyura chilen~i~ (edible sea squirt) and Lo• albue (sea 
u r c h i n ) .  

The wet samples were homogenized and dried at 135 C for 2 hours or 
u n t i l  c o n s t a n t  w e i g h t  was a t t a i n e d .  T i s s u e  M o i s t u r e  was d e t e r m i n e d  
f rom h e r e . F o r  d i g e s t i o n ,  35 g of  t he  d r i e d  t i s s u e  were  t r e a t e d  
w i t h  c o r r .  n i t r i c  a c i d  (i@ m l )  and conc .  s u l f u r i c  a c i d  ( I S  ml> at  
IS@ C. 8 f t e r  c o o l i n g  down t o  room t e m p e r a t b r e ,  3% h y d r o g e n  
peroxide (3 ml) was added and the process repeated until a 
colorless solution was obtained. Finally, the digest volume was 
Made up to 100 ml with deionized water. 

Arsenic was determined by hydride generatiom using a Perkin-Elmer 
MHS-I@ hydride system interfaced to a Perkin-EImer Model 5@@@ 
atomic absorption spectrophotometer. Instrumental conditions were 
as follows: wavelength, 193.7 rim; range, UU; EDL lamp, B watts; 
air flow, 17.5 I/min; acetylene flow, 3.@ I/Min. For arsenic 
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determination, @.5 ml of the digest solution or an appropiete 

dilution was placed in a polypropylene flask and reduced for !@ 

Min w i t h  iM I<I i n  10% sodium a s c o r b a t e  (@.! m l )  Then, the  
sample was reacted w i t h  a 3% 5od.i, um borohydr ide-i % sodium 

h y d r o x i d e  solution For 5 ~ec. Hydrogen  a r s e n i d e  g e n e r a t e d  was 
f l u s h e d  w i t h  n i t r o g e n  ( ! .@ i / r a i n )  i n t o  a q u a r t z  c e l l  h e a t e d  w i t h  
an a i r - a c e t y l e n e  Flame, The method of  additions was used to  
correct for Matrix interferc~,nces. 

T a b i e "~ 8 r s e n i c  . l eve l s  i n  the e d i b l e  parts of C h i l e a n  m a r i n e  
M o l l u s c s ,  c r u s t a c e a  and o t h e r  s h e l l f i s h  s p e c i e s  (ppm in  
d ry  weight). 

% Water  8s s . d .  

Mytilus chilensis 85 7.8 
fiuiacomya a t e r  82 7.@ 

Chiamy5 purpuratus 81 8.2 
Concho lepas  c o n c h o l e p a s  82 1@.2 
~rmaghinomya antique 76 12.6 
Thais c h o c o l a t a  62 16.9  
L o x e c h i n u s  a l b u s  73 t . 3  
Cancer edwar"dsi  i 69 i i. 7 
He l i e roca rpus  r e e d i  84 i@.8 
MesodesMa donac ium 75 12.3 
Pyura  chilensis 79 1.7 

P l e u r o n c o d e s  monodon 7@ 21o9 

@ 64. 

@ 92 
@ 72 
(D 85 
@ 42 

@ 72 
@ 14 

1 77 

I. @6 
0 42 

@ @7 

@ 99 

s , d . ;  ~ t a n d a r d  d e v i a t i o n  

RESULTS 8N0 DISCUSSION 

811 the 24 Marine species included in this study are of COMmercial 
significance and widely consumed by the Chilean population, The 12 

fish species and most of the shellfish species were caught in the 

bay of Valparaiso (Figure !). M. chilensis and ~. ater were from 
the bay of Ooncepci6n located More towards the South, while P. 

chilensis and L. albu~ were f rom Puerto Montt~ 

Table ] SUMMarizes the arsenic contents o f  the fishes, and Table 2 

the arsenic levels of the molluscan, crustacean and other Marine 
species. Samples were analyzed in triplicate and the restilts are 
expressed as Mean values on the basis of dry weight, Water" 

percentages are included to enable the results to be compared with 
published r e s u l t s  that Might be expressed on a w e t  basis. 

As shown in Fables i and 2, the arsenic contents in the fishes are 

lower than the ones in the other Marine species, in the bay of 
Valparaiso, the arsenic concentration in the fishes ranged from 

@.56 to 5.95 ppM, while the arsenic content in the Molluscan and 

crustacean species ranged from 8.2 to 21.9 ppM. 8rsenic 
concentrations for the species from Concepcion were lower, ranging 
from 7.@ 'to 7.B ppm , while 'those from Puerto Montt were even 

smaller and ranged from 1.3 to 1.7 ppM. 
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The above resul ts  show a higher arsenic content for the species 
from V a l p a r a i s o  as compared to  those f rom ConcepciGn and Puer to  
Montt, MOSt probably due to the copper refinery operating on the 
coast of Valparaiso. Huge p i les  of coarse to f i ne l y  ground 
residues from th is  industry may well  be the cause of the 
Valparaiso coastal water contamination. 

hs t h e r e  i s  a lack of  c o m p a r a t i v e  data f o r  the a r s e n i c  l e v e l s  in  
C h i l e a n  Mar ine s p e c i e s ,  i t  i s  p o s s i b l e  to  suggest  t h a t  the  a r s e n i c  
c o n c e n t r a t i o n s  quoted in  Tablea 1 and 2 are h i gh ,  on l y  by r e f e r i n g  
to r e s u l t s  o b t a i n e d  by o t h e r  au tho rs  (L6 TOUCHE 1982a; LYTLE & 
LYTLE 1982; C~RDEILHGC et a l .  1981).  The c u r r e n t  S t a t e  Food 
R e g u l a t i o n s  in  C h i l e  (MINISTERIO DE S~LUD, 1982) do not  s p e c i f y  
allowable maxima for the quantities of arsenic which Marine 
p r o d u c t s  may contain. 

On the bas i s  of  the r e s u l t s  p r e s e n t e d  here ,  Ch i l ean  f i s h e s  and 
o t h e r  Mar ine species are r ich in  a r s e n i c ,  and a l t h o u g h  the Chilean 
populat ion ingest large amounta of these products, there has been 
no r e p o r t  of  any impa i rment  of  h e a l t h  w i t h  the a r s e n i c  c o n t e n t s  of  
'these foods.  P robab l y ,  the r a p i d  e x c r e t i o n  of  a r s e n i c  compounds 
and i t s  low r e t e n t i o n s  in  the humans o b v i a t e s  h e a l t h  concerns (T~M 
e t a l .  1982; Y~MAUCHI & YgMgMUR8 1984). 

6 r s e n i c  was not d e t e c t e d  by d i r e c t  a n a l y s i s  o f  the sea wa te r  from 
the areas from where the f i s h e s  were caugh t .  However, because i t  
has been shown t h a t  the l e v e l s  o f  a r s e n i c  a c c u m u l a t i o n  in mar ine 
tissues is directly related to the levels of arsenic to which the 
species have been exposed (OLGDIMEJI et at .  1884a), our resu l ts  
support the deduction that the marine organisms in the Valparaiso 
area are con tam ina ted .  This is s p e c i a l l y  t r u e  when compar ing  the 
arsenic levels in the species from Valparaiso with the ones from a 
non- indus t r ia l i zed  region like Puerto Montt. 

6ckno~ ledgments .  The au tho rs  thank Mr. Lau ta ro  Guerra f o r  
t e c h n i c a l  a s s i s t a n c e  w i t h  the Manuscr ip t  p r e p a r a t i o n .  Th is  work 
was suppor ted  by the B i r e c c i G n  Genera l  de I n v e s t i g a c i G n  y 
Pos tg rado ,  U n i v e r s i d a d  Fede r i co  Santa Mar ia .  
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