
Bull. Environ. Contam. Toxicol. (1999) 62:749-757
© 1999 Springer-Verlag New York Inc.

Toxicity of Metals and Pesticides Using the Sperm Cell
Bioassay with the Sea Urchin Arbacia spatuligera
A. Larrain,  A. Riveros,  J. Silva, E. Bay-Schmith

Laboratory of Bioassays, University of Concepción, Casilla 160-C, Concepción, Chile

Received: 27 October 1998/Accepted: 21 April 1999

The need to  implement  toxic i ty  b ioassays  to  protect  ear ly  l i fe
stages of aquatic organisms has encouraged the development of
bioassays  us ing gametes  and larvae  as  tes t  organisms.  Among
these ,  the  sea  urchin  sperm cel l  b ioassay has  the  convenient
p r o p e r t i e s  o f  b e i n g  r a p i d  a n d  s e n s i t i v e  t o  a  w i d e  r a n g e  o f
toxicants  (Mc Gibbon & Moldan,  1986)  and more  sens i t ive  to
complex effluents than are tests with adult animals. The sperm
cell toxicity test requires only 60 minutes of toxicant exposure,
whe rea s  o the r  ma r ine  embryo  and  l a rva l  deve lopmen t  t e s t s
require 2  t o  4  d a y s  o f  e x p o s u r e ,  b o t h  h a v i n g  s i m i l a r
sensitivities (Dinnel,  1995). The U.S. EPA (1994) has included
this test,  using laboratory protocols for Arbac ia  punc tu la ta ,  i n
its Complex Effluent Assessment Program. The bioassay using
dif ferent  species  of  sea  urchins  has  been in tensively  used to
a s s e s s  t o x i c i t y  o f  s p e c i f i c  c o m p o u n d s  ( N e i h e i s e l  &  Y o u n g ,
1 9 9 2 ;  H u f f m a n ,  1 9 9 2 ;  B u r g e s s  et al., 1 9 9 3 ;  C e k o l i n  e t  a l . ,
1993, Morell  & Adams, 1993; Nipper et al., 1993; Gaete et al.
1996;  Warnau  et al., 1996,  Mwat ibo  & Green ,  1997)  and  of
whole  water  samples  of  eff luents  and receiving waters  (Sibley
et al., 1993;  Krause ,  1994;  Zuñiga  et al., 1995;  Riveros  et al.,
1996 a, b).

The  purpose  of  th is  s tudy i s  to  present  informat ion  about  the
sensitivity of the sperm cell tests with Arbac ia  spa tu l igera  t o
o r g a n i c  a n d  i n o r g a n i c  c o m p o u n d s  f o u n d  i n  s o m e  C h i l e a n
marine ecosystems (Ahumada, 1992; Castilla & Correa, 1997).
We report the median effective concentration (EC50) to Cu, Cr,
Cd and Zn and the pesticides pentachlorophenol and 2,4-D. We
also describe the protocol implemented for this species, present
a l o n g  m o s t  o f  t h e  s o u t h - e a s t e r n  P a c i f i c  c o a s t l i n e  ( L a r r a i n ,
1975).
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MATERIALS AND METHODS

A d u l t  s e a  u r c h i n s  w e r e  o b t a i n e d  b y  S C U B A  d i v i n g  f r o m
unpol lu ted  s i tes  a t  Col iumo Bay (3°32’S;  72°56’W),  cent ra l
Ch i l e .  I nd iv idua l s  we re  ma in t a ined  i n  aqua r i a  w i th  cons t an t
ae r a t i on ,  and  w i th  comple t e  wa t e r  r ep l acemen t  eve ry  fou r th
day.  Temperature  was   kept  a t  13±2°C in  a  thermoregula ted
room. Diet was composed of ad l ibi tum quant i t ies  of  mol lusks
and fishes.

Spawning was e l ic i ted by e i ther  a  mild  (12 V) e lect r ic  shock
(when the gonads were fully developed during the reproductive
season) or an injection of 2 ml of KCl 0.5 M into the coelomic
cavi ty  (when the  gonads were  receding)  (Bay-Schmith,  1981) .
The eggs spawned by every female  sea  urchin were tes ted for
viability by inducing fertilization and immediately checking the
format ion of  the  fer t i l iza t ion membrane.  Only females  whose
eggs showed a 90% fertilization success or more contributed to
the pool of eggs for each bioassay. At least 4 females were used
to complete an egg stock. Eggs were washed 3 times in 300 ml
of seawater before using them in the bioassays. Sperm viability
was assessed by observing their mobility in seawater. At least 4
males were used to yield a “dry” sperm stock for each bioassay,
which was maintained on ice until its use in the experiment. For
the  b ioassays , t h e  e g g  s t o c k  w a s  d i l u t e d  t o  2 0 0 0  e g g s / m l .
Count ing was done us ing a  Sedgwick-Rafter  chamber .  Sperm
s t o c k  w a s  d i l u t e d  t o  7 x 1 07 s p e r m s / m l  u s i n g  a  N e u b a u e r
chamber (U.S. EPA, 1994).

We used 4  repl icates  per  t reatment  in  every exper iment ,  each
consisting of a new glass test tube with 5 ml of testwater. The
s e a w a t e r  ( 3 3 ‰ ±  2 )  u s e d  f o r  d i l u t i o n  a n d  c o n t r o l  w a t e r ,
obta ined f rom Col iumo Bay,  was  previously  f i l tered wi th  0 .5
µm cel lu lose  f i l ters .  The toxicants  tes ted  were  Cu (CuSO 4 x  5
H 2O ) ,  C d  ( C d S O4 x  8 / 3  H2O ) ,  C r  ( K2C r2O 7) ,  Z n  ( Z n C l2) ,
pentachlorophenol  (PCP) ,  and 2 ,4-D.  In  the  pentachlorophenol
b i o a s s a y s ,  a c e t o n e  w a s  u s e d  a s  s o l v e n t ,  a n d  a  c o n t r o l  f o r
acetone (0.1 ml/l) was also included.

In the bioassays, 100 µl of the sperm suspension were added to
the test tubes with the toxicant dilution. After 60 minutes, 1 ml
of the egg suspension was added to each test tube. An ongoing
monitoring of the control test tube showed that sometime after
1 0  t o  2 0  m i n u t e s ,  8 0 %  f e r t i l i z a t i o n  w a s  r e a c h e d .  A t  t h a t
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m o m e n t ,  t h e  t e s t s  w e r e  s t o p p e d  b y  a d d i n g  2  m l  o f  a  1 0 %
solut ion of  formaldehyde in  seawater .  Final ly ,  100 eggs  were
observed for  each tes t  tube ,  and the  number  of  fer t i l ized and
unfertilized eggs, as judged from the presence or absence of the
f e r t i l i z a t i o n  m e m b r a n e  w a s  r e c o r d e d .  T h e  5 0 %  e f f e c t i v e
concentrations (EC50) were estimated for each bioassay using
the PROBIT method (U.S. EPA, 1988).

RESULTS AND DISCUSSION

The concentration-response curves and the EC50 values for the
different toxicants tested in each bioassay are shown in Figure
1. The order of sensitivity of the bioassay to the toxicants is as
follows: Cu>Zn>PCP>Cr>Cd>2,4-D.

Average EC50 values of each of the the toxicants on A r b a c i a
s p a t u l i g e r a  fer t i l iza t ion are  shown in  Table  1 ,  compared to
r e s u l t s  o f  b i o a s s a y s  w i t h  o t h e r  s e a  u r c h i n  s p e c i e s ,  o b t a i n e d
from the literature, over 60 minutes exposure of sperms. These
r e s u l t s  a r e  s i m i l a r  t o  p r e v i o u s  f i n d i n g s  i n d i c a t i n g  t h a t  i n
general the sea urchin fertilization test is especially sensitive to
metals, due most likely to the effect of excess cations on sperm
mobil i ty  (Nacci  et  al . , 1991) .  I t  must  be  noted  however ,  tha t
PCP is more toxic than both CrVI and Cd. It is observed that the
order of sensitivity to the toxicants for Arbac ia  spa tu l igera  i s
s i m i l a r  t o  t h o s e  r e p o r t e d  f o r  o t h e r  s e a  u r c h i n s .  I n  f a c t ,  a l l
species  in  Table  1  show a  h igh sensi t iv i ty  to  Cu and Zn and
smaller sensitivity to the other toxicants.

The protocol described in this paper for sperm cell toxicity test
w i th  A r b a c i a  s p a t u l i g e r a  fol lowed the guidel ines  previously
d e v e l o p e d  b y  t h e  U . S .  E P A  ( 1 9 9 4 )  w i t h  A .  p u n c t u l a t a .
Modifications introduced were a reduction in temperature from
2 0 ° C  t o  1 3 ° C , t o  b e t t e r  a p p r o x i m a t e  a v e r a g e  a m b i e n t
tempera tures  a t  which natura l  popula t ions  of  sea  urchins  are
exposed, and increased sperm/egg ratio from 2500 to 3500, as a
resul t  of  ca l ibra t ion  tes ts  tha t  showed tha t  th is  h igher  ra t io
allowed over a 90% fertilization of eggs in control seawater.

A.  spa tu l igera  has a seasonal cycle of maturity (Bay-Schmith,
1981). Therefore, availability of mature individuals is a major
c o n c e r n  f o r  t h e  a p p l i c a b i l i t y  o f  t h e  b i o a s s a y .  U n p u b l i s h e d
resul t s  f rom our  labora tory  show that  A .  s p a t u l i g e r a  c a n  b e
maintained with mature gonads year-round if a rich protein diet
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Table 1. Comparative EC50 (mg/L) values (mean ± St. Dev. or
conf idence in terval)  of  pes t ic ides  and heavy metals  of  sperm
cell test with Arbacia spatul igera and other echinoid species.

HEAVY METALS

PESTICIDES

(a) This study, Arbacia spatuligera, (b) Arbacia spatuligera (Zuñiga et al., 1995),
(c) Echinometra mathaei (Neiheisel & Young, 1992), (d)Lytechinus variegatus
( M o r r e l l  &  A d a m s ,  1 9 9 3 ) ,  ( e )Arbacia punctulata (Burgess et al., 1 9 9 3 ) ,
(f) Arbacia punctulata (Nacci et al., 1986), (g)Arbacia punctulata (Adams &
Slaughter-Will iams,  1988),  (h)Strongylocentrotus droebachiensis, Strongylo-
centrotus purpuratus, Strongylocentrotus franciscanus (Jop, 1989).
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Figure 1. Percentage of non-fertilized eggs following 60 minutes exposure
of Arbacia spatuligera sperm to differents toxicants. The points correspond
to the means of the replicates from each concentration. The EC50 values
and the confidence intervals, obtained from the Probit method, are shown
for each bioassay. (It continues in following page).

i s  fed  to  mature  individuals  of  both  sexes .  A s imi lar  f inding
w a s  r e p o r t e d  b y  L a w r e n c e  et  al .  ( 1 9 9 2 )  f o r  P a r a c e n t r o t u s
l iv idus with a diet based on fish meal pellets.

The sea urchin sperm cell test with Arbacia spatul igera,  set up
this manner, has several important advantages that make it  an
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Figure 1. (Continuation).

e x t r e m e l y  u s e f u l  t o o l  i n t h e  e n v i r o n m e n t a l  m o n i t o r i n g  o f
Chilean coastal habitats:  i t  is a short duration test,  sensitive to
severa l  toxicants ,  requi res  smal l  amounts  of  tes t  water ,  can  be
used  yea r - round  when  a  s t ock  o f  s ea  u r ch in s  p rope r ly  f ed  i s
avai lable  in  the  labora tory  and is  based on a species  present
along most of the Chilean coastline.
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