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Assessment of seawater pollution by heavy metals 
in the neighbourhood of Algiers: use of the sea urchin, 
Paracentrotus lividus, as a bioindicator

D in a  Souali li ,  P h i l ip p e  D u b o is ,  Pol G o ss e l in ,  P h i l ip p e  P er n e t ,  a n d  M o n i q u e  G u i l lo u

Soualili, D., Dubois, P., Gosselin, P., Pernet, P., and Guillou, M. 2008 Assessment of seawater pollution by heavy metals in the neighbourhood of 
Algiers: use of the  sea urchin, Paracentrotus lividus, as a bioindicator. -  ICES Journal of Marine Science, 65: 132-139.

The objective o f th e  study  was to  assess th e  levels o f c on tam ination  by heavy m etals near th e  Algiers m etropolis, using a com bination  
o f chem ical and  toxicological d a ta  gained from  analyses o f sed im ents and  biological param eters characteristic  o f  th e  sea urchin, 
Paracentrotus lividus. Zinc, lead, cadm ium , copper, an d  iron con cen tra tio n s were d e term ined  in sed im ents an d  in sea urchin 
gonads. Sedim ent toxicity was assessed by bioassay based on th e  larval developm en t o f sea urchins. The m o st n um erous larval 
abnorm alities were found  in a site near Algiers identified as highly po llu ted  by lead. The levels o f  th e  o th e r  m etals across th e  
study  area fell w ithin th e  background con cen tra tio n s rep o rted  in th e  literature for th e  M editerranean Sea, w ith th e  exception  of 
zinc, which show ed high values in female gonads.
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Introduction
The A tlan tic -M ed ite rran ean  sea u rch in  Paracentrotus lividus is 
d istribu ted  from  Ireland to  so u thern  M orocco, and  th ro ughou t 
the M editerranean Sea. Its ecological role as an  o p p o rtu n is t is 
im p o rtan t in  different ecosystems. For exam ple, in  the 
M editerranean Sea, th rough  its grazing activity, P. lividus locally 
controls the  dynam ics o f  seaweeds (see review by  Lozano et al., 
1995) and  seagrasses (see review by Tomas et al., 2004). 
However, in  coastal zones, its m orphology, biology, and  dem ogra
phy  (H arm elin  et al., 1981; Delmas and Regis, 1984; Pancucci 
et al., 1993) and therefore its long-term  ecological role can be 
influenced by h u m an  activities. Because o f  its sedentary  habits 
and  acknowledged sensitivity to  pollu tants, it has been used in  
several studies as a b io log ical-b iochem ical ind icator o f  local 
po llu tion  (W arnau et al., 1998; C oteur et al., 2001; Bayed et al., 
2005). M oreover, the  sensitivity o f  its em bryos and  larvae has 
p rom pted  its use in  em bryotoxicity  tests (H agström  and 
Lönning, 1973; Pagano et al., 1986; W arnau  et al., 1996). 
Additionally, assessing the em bryonic and larval developm ent o f 
sea urchins is am ong the  toxicity  assays used in  m o n ito ring  and 
risk assessm ent program m es (see review o f  Beiras et al., 2003).

Along the  coast o f  Algeria, P. lividus is a do m in an t species o f  
shallow -water ecosystems, and  up to 25 anim als can be found  
per square m etre  (Sem roud, 1993). It colonizes different biotopes, 
such as Posidonia oceanica and  Cymodocea nodosa m eadows, rocky

substrata w ith pho toph ile  algae, and  overgrazed rocky substrata 
(Sem roud, 1993; G u e tta i et al., 2000), and it lives from  the 
low-water lim it to  a dep th  o f  ~ 1 0 m  (Dieuzeide, 1933; 
Sem roud, 1993).

A round  the  Bay o f  Algiers, the  h u m an  p opu lation  is exposed to  
an thropogenic  d isturbance o f  different origins. Indeed, m ore  than  
4.3 m illion  people (950 hab itan ts k m - 2 ) live w ith in  the m etro 
po litan  district o f  Algiers in  a coastal zone 115 km  long. 
M oreover, 1000 com panies have activities in  the  fields o f  m etal
w orking, build ing  m aterials, petrochem istry, pharm aceuticals, 
m echanical, electrical and  electronic engineering industries, food 
and  paper p ro d u c tio n  (Larid, 2003; PAC, 2005). In  o th er respects, 
two rivers flow in to  the  Bay o f  Algiers, El H am iz and El H arrach  
(970 k m 2; 6 m 3 h - 1 ); the latter drains the dom estic and industria l 
wastewaters o f  the  city o f  Algiers itself, and  ju st 8% o f  the 
wastewater discharged in to  the  bay (225 m illion  m 3 year- 1 ) is 
treated  (PAC, 2005). The greatest po llu tan t flow along the 
A lgerian coasts (100 000 t year-1  o f  organic chem ical com pounds, 
175 000 t year-1  o f  suspended m atter, 1500 t year-1  o f  nitrogen, 
and  4000 t year-1  o f  phosphorus) is discharged in to  the  m arine 
area im pacted  by  the  Algiers m etropolis (Larid, 2003). In  2004, 
bath ing  was p roh ib ited  from  46 beaches inside the  bay. The 
m arine  ecosystem is seriously affected by  the  pollu tion , and a 
decrease in  b iodiversity  o f  14% for the species o f  m ajor ecological 
interest has been  docum en ted  (PAC, 2005).
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The objective o f  this study was to  assess m arine po llu tion  by 
heavy m etals in  the  area from  a com bination  o f  chem ical and 
toxicological da ta  acquired th rough  analyses o f  sedim ents and 
the  gonads o f  the  sea urch in , P. lividus, supplem ented  w ith 
em bryo /larva  sedim ent toxicity  bioassays. The toxicity  o f  the 
m etal bioavailable fraction was detected by  abnorm alities in  the 
developm ent o f  P. lividus because the  species is a know n  indicator 
o f  m etal con tam ination  and  can accum ulate m etals as a function  
o f  the co n tam ination  level o f  the env ironm ent (W arnau et al., 
1998). The results o f  bioassays were com pared w ith those from  
the analysis o f  m etal co n tam ination  in  the  sedim ents and in  the 
gonads o f  adu lt sea u rchins inhab iting  the  sedim ents, w hich had 
been tested previously. Three field sites near the Bay o f  Algiers 
were chosen according to  po ten tial sources o f  po llu tion , to classify 
them  as a function  o f  environm ental quality.

Material and methods
Sampling sites
Two o f  the  three  field sites, Algiers Beach and  Tam entfoust, are 
located in  the Bay o f  Algiers; the  th ird , Sidi-Fredj, is situated  at 
the  n o rth  o f  the Bay o f  B ou-Ism ail (east o f  the  Bay o f  Algiers) 
(Figure 1). O f the three, Algiers Beach is the  closest to the 
Algiers m etropolis; its hab ita t consists o f  a m ix ture  o f  photophile  
algae-covered rocks and degraded P. oceanica meadows. 
T am entfoust is situated  in  a sem i-closed creek w ith overgrazed 
rocks and  a few, sparse P. oceanica beds. Sidi-Fredj shelters a 
thalassotherapy centre; the site is less im pacted  by  po llu tion  
th an  the  Bay o f  Algiers (PAC, 2005), because it is farther from  
the very industrialized area and  from  El H am iz and El H arrach  
rivers. A lthough the P. oceanica beds present there  are in  better 
health  th an  those in  the  Bay o f  Algiers, they  are regressing 
progressively (PAC, 2005).

Collection and preparation o f samples
In  M arch 2002, 40 sea u rchins 4 5 -6 5  m m  in  d iam eter were 
sam pled from  each field site by  scuba diving a t 1 - 5  m . M arch

falls in  the  tim e o f  year w hen gonads start to m ature  (Sem roud 
and  Kada, 1987; G u e tta i et al., 2000), before the spaw ning w hich 
tends a t least partially  to  elim inate the  m etal load in  the gonad 
(W arnau et al., 1998).

Im m ediately  following their collection, sea u rch in  test 
diam eters were m easured in  the laborato ry  and dissected. After 
their sex had been determ ined, the gonads were d ried  at 60° C 
for 48 h, then  stored separately in  herm etically sealed polyethylene 
containers. All contact w ith  the u rchins was w ith stainless steel 
instrum ents.

A t the  sam e tim e as the sam pling, the  upper 2-cm  layer o f  the 
sedim ents inhab ited  by  sea urchins was collected by  coring 
(5 cm  diam eter). Then, the  sam ples were placed in to  sealed 
polyethylene bags placed o n  ice to be b rough t back to  the labora
to ry  where they were im m ediately dried  at 60°C for 48 h  un til 
constan t weight before storage, at room  tem perature, in 
herm etically-sealed polyethylene containers.

Metal analysis
The concentra tions o f  zinc (Zn), lead (Pb), cadm ium  (Cd), copper 
(C u), and  iro n  (Fe) were m easured  in  u rch in  gonads and  in 
sedim ents according to  the m ethod  described by  C oteur et al. 
(2003). As the  sedim ent was heterogeneous and  com prised 
m ainly  large gravel, only the  p o rtio n  w ith  grains <  1 m m  was 
kept; here we term  it the “to ta l fraction”. M etal concentrations 
were also m easured  in  the fraction con tain ing  grains < 6 3  |xm 
(the silt-clay fraction) know n to accum ulate organic m atter and 
heavy m etals preferentially. Pb, Cd, and  Cu concentra tions were 
de term ined  by graphite-furnace e lectrotherm ic atom ic absorp tion  
spectrom etry  perform ed  o n  a V arian GTA100 SpectrAA640Z 
spectrom eter. Z n and  Fe concentrations were m easured by flame 
atom ic abso rp tion  spectrom etry  o n  a GBC 906AA spectrom eter. 
The accuracy o f  the  m eth o d  was assessed using certified reference 
m aterial (M ytilus edulis tissues, BCR nu m b er 278R from  the 
C om m unity  B ureau o f  Reference, Brussels, Belgium ). D etection 
lim its for Zn, Pb, Cd, Cu, and  Fe were 0.002, 0.014, 0.001, 0.002,
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Figure 1. Location of the  three sampling sites: Algiers Beach, Tamentfoust, and Sidi-Fredj.

D
ow

nloaded 
from 

http://icesjm
s.oxfordjournals.org/by 

guest on 
January 

18, 2012

http://icesjms.oxfordjournals.org/by


134 D. Soualili et al.

and  0.004 |xg o f  m etal per m illilitre o f  digested sample, 
respectively.

The gonads o f  ten  m ale and  ten  female urchins per site were 
analysed. For the  sedim ent, 3 - 8  replicates o f  the to ta l fraction 
and  0 - 3  replicates o f  the  fraction < 6 3  |xm were used because 
the silt-clay fraction was very low  in  the sedim ent o f  som e sites.

Bioassays o f embryos and larvae
The toxicity  o f  the  sedim ents at the  three  field sites was assessed by 
em b ry o -la rv a l bioassays in  M ay 2003. The seawater used in  the 
tests was collected a t L uc-sur-M er (N orm andy, France) in  fron t 
o f  the m arine station, because this site is used as reference by 
the scientists o f  the  L aboratory o f  M arine Biology o f  ULB 
(the Free University o f  Brussels, Belgium ), where the  m etal ana
lyses were perform ed. The seawater salinity was 33. Before analysis, 
the seawater was allowed to decant for 48 h, then  filtered th rough  
a 0 .22-|xm m em brane and  stored at 20 +  1°C (i.e. it was filtered 
seawater, FSW ). A dult P. lividus were collected in tertidally  from  
a reference po p u latio n  inhab iting  the  rocky basins o f  M orgat 
(Bay o f  D ouarnenez, Brittany, France), where the  salinity was 34 
in  M ay 2003. Individuals were transferred  to the  cultivation 
system o f  the m arine  laboratory  o f  the University o f  M ons- 
H ainau t, Belgium (U M H ). For the em bryotoxicity  test, the  refer
ence sedim ent was sam pled a t W im ereux (N ord-Pas-de-C alais, 
France) in  the  sam e way as the A lgerian sedim ent samples.

The em b ry o -la rv a l bioassays were perform ed at the 
M ons-H ainau t laboratory; they  were based on  the  m ethod  
described by C oteur et al. (2003). Spawning was induced  by injec
tio n  o f  20 |xl g-1  o f  KC10.5 N  th rough  the peristom ial m em brane. 
Gam etes from  three  female and  three m ale sea urchins were 
collected in  FSW, and  their quality  (i.e. the  overall shape o f  eggs, 
and  the  sperm  m otility) was checked un d er an  O lym pus T 041  
inverted light m icroscope. Eggs from  each female were fertilized 
w ith sperm  taken from  a pool o f  sperm  from  the three males. 
Embryos at the early gastrula stage ( 4 - 5  h  after fertilization at 
14 +  1°C) were m ixed before the  bioassays. Experim ents w ith 
em bryos were perform ed in  4 x  6-well plates (Falcon, ref. 
35-3046) w ith one plate per site [Alger Plage, Tam entfoust, 
Sidi-Fredj, and W im ereux (reference)]; each well was filled w ith 
0.1 g o f  dried  sedim ent before add ition  o f  10 m l o f  FWS before 
the bioassay. O ne plate filled w ith only FWS was used  as control. 
At the  beginning o f  the  bioassay, batches o f  2 5 0 -3 0 0  em bryos 
were transferred to  each well. After 72 h  a t 14 +  1°C, larvae were 
fixed by add ition  o f  1 m l o f  form alin  (com m ercial solution, 
35%) to  each well before storage o f  the  plates for 2 h  at 70°C. 
This p ro toco l leads to  perfect preservation o f  the  larvae. The 
plates w ith  fixed larvae were th en  stored at 4°C. The frequency 
o f  developm ental stages was scored o n  a random  sam ple o f  
100 larvae per well un d er an  inverted light m icroscope. W hen  
the sedim ent is relatively coarse, larvae are easily distinguishable 
betw een the  grains; in  fine sands, larvae were characterized after 
re-suspension by shaking the sam ple. The larvae were th en  
classified in to  four groups according to  the  m orphological criteria 
adap ted  from  W arnau  and  Pagano (1994): norm al plutei 
(“N orm al”, N ), re tarded  plu tei presenting a delayed developm ent 
(“R etarded”, R), abnorm al plu tei w ith skeletal m alform ations 
a n d /o r  gut abnorm alities (“Pathologic 1”, P I) ,  and  em bryos 
whose developm ent ended at the  blástula o r gastrula stage 
(“Pathologic 2”, P2). The rates o f  “Viable” larvae given later 
were ob tained  by sum m ing  the  rates o f  “N orm al” and 
“R etarded” larvae from  each batch.

Statistical analyses
After arcsine transform ation , the  developm ental rates o f  norm al 
and  viable larvae were com pared using a one-w ay analysis o f  vari
ance (ANOVA), followed w ith  a B onferroni test (Zar, 1996). 
D u n n e tt’s tests were used for com paring  the  rates m easured w ith 
the  rates o f  the  corresponding controls (Zar, 1996). Significant 
differences were de term ined  at the  95% level. C ontam ination  
levels in  gonads were com pared by tw o-w ay ANOVA and a 
Tukey HSD (honestly  significant difference) m ultip le  m ean  com 
parison  test (effects: sex and sam pling site).

Existence o f  a relationship betw een the  levels o f  con tam ination  
by  m etals in  the  gonads and  sedim ents and  the percentage o f 
abnorm al and  viable larvae was investigated by factor analysis, 
using a p rincipal-com ponen t m ethod  w ith an  extraction  m atrix  
based on  Pearson correlation  coefficients and the “varim ax” 
m eth o d  o f  factor ro tation .

Results
Levels o f contam ination in sedim ent and 
sea urchin gonads
The im portance o f  the  fraction o f  sedim ent < 6 3  |xm depended on  
the  site; it accounted  for 0.03%, 0.26%, and  1.56% o f  the to ta l frac
tio n  at Tam entfoust, Sidi-Fredj, and  Algiers Beach, respectively, 
explaining the  lack o r scarcity (1) o f  replicates a t T am entfoust 
and  Sidi-Fredj (Table 1). The sedim ent from  Algiers Beach, as 
expected, con ta ined  m ore silt-clay th an  the  o th er ones.

Tables 1 and 2 list the  concentra tions o f  heavy m etals found  in 
the  sedim ents (to tal fraction and  fraction <  63 |xm ). Statistical 
analyses for fu rther com parison  o f  m etal con ten ts were m ade on  
only the to ta l fraction  because o f  the scarcity o f  replicates at 
T am entfoust and Sidi-Fredj. Fe, Pb, and  Z n concentra tions in 
the  to ta l fraction o f  sedim ents differed w ith sam pling site (Table 
2). Algiers Beach was the site m ost significantly con tam inated  by 
Pb, b u t it also had the  lowest concentrations o f  Fe and Zn. Fe 
concentra tions were significantly h igher in  the sedim ents from  
Sidi-Fredj.

Table 3 shows the  concentrations in  heavy m etals m easured in 
the  gonads o f  sea urchins. Table 4 lists the  results o f  the two-way 
ANOVA by  m etal, w ith  sex and sam pling site as factors, and  o f

Table 1. Metal concentration in the total fraction (a =  3 -8 )  and 
in the < 6 3  |xm grain-size fraction (n =  0 - 3 )  of the  sediment 
collected a t three Algerian sites.

Site Parameter Metal concentration 
(p g g -1 dry wt)

Zn Pb Cu Cd Fe
Total fraction

Algiers Beach Mean 0.023 39.63 4.08 0.76 7.11
s.d. 0.005 7.93 0.62 1.05 2.18

Tamentfoust Mean 0.045 14.59 5.73 0.15 17.85
s.d. 0.010 1.55 1.65 0.06 3.71

Sidi-Fredj Mean 0.050 12.37 6.43 0.12 31.32
s.d. 0.006 4.07 1.32 0.01 6.49

<63 pm  fraction
Algiers Beach Mean 0.081 23.76 20.89 1.22 19.70

s.d. 0.008 0.75 0.75 0.04 2.08
Sidi-Fredj Mean 0.08 40.63 10.48 0.25 41.50
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Table 2. Comparison of the  metal concentrations in the  total 
fraction of the  sediments collected from the three Algerian sites, 
AB, Algiers Beach; TM, Tamentfoust; and SF, Sidi-Fredj.

Metal in sediments 
total fraction

ANOVA p-value Level of contamination9 
+  ^ -------------

Zn 0.03 SF TM AB
Pb > 1 0 ~ 2 AB TM SF
Cu NSb TM SF AB
Cd NS AB TM SF
Fe > 1 0 ~ 2 SF TM AB

Stations showing no statistical difference between metal concentrations are 
underlined (p >  0.05, Tukey HSD test). 
bNS, not statistically significant.

the  Tukey HSD test carried o u t after the  ANOVA to  ran k  the sites 
by  increasing level o f  con tam ination . There was n o  significant 
varia tion  in  the concentra tions o f  Pb and  Cu by sex. However, 
Z n  and  Cd levels, unlike Cu, were significantly h igher in  female 
gonads th an  in  m ale gonads. M oreover, the  results highlight the 
fact that Pb, Fe, and  Cu concentrations in  sea u rch in  gonads are 
dependent on  field site. O ur finding a sex-dependence in  term s 
o f  Cu concen tra tion  led us to  perform  a one-w ay ANOVA w ith 
sex as factor for in tercom parison  o f  the field sites. F rom  that 
test, we concluded that sea u rchins from  Sidi-Fredj were the 
m ost contam inated , w ith concentra tions significantly higher 
th an  in  female sea u rchins from  T am entfoust (p  <  0.05) and 
m ale sea u rchins from  Algiers Beach (p <  0.005).

Developm ent o f embryos and larvae
Figure 2 is a com parison  o f  the rates w ith w hich norm al (N) and 
viable (B) larvae are found  a t the  three sites. The percentages o f 
no rm al and  viable larvae found  decreased w hen em bryos were 
exposed to  sedim ents from  Algiers Beach (one-w ay ANOVA fol
lowed by a B onferroni’s test, p  =  0.05). Table 5 lists the  frequencies

Table 3. Metal concentrations (n =  10) in the  gonads of 
Paracentrotus lividus collected from the three Algerian sites.

Site and metals in 
gonads

Parameter Metal concentration 
(P-g g ~ ‘ dry wt)

Zn Pb Cu Cd Fe
Algiers Beach

Female Mean 385.5* 6.14 2.84 0.14 73.8
s.d. 344.1 3.46 0.97 0.08 35.5

Male Mean 32.9 7.78 3.19 0.08 19.3
s.d. 13.5 8.77 0.83 0.04 19.7

Tamentfoust
Female Mean 538.2* 1.5 2.49* 0.12 113

s.d. 324.3 1.72 0.47 0.08 37.6
Males Mean 76.1 0.88 3.88 0.05 112.6

s.d. 172.2 0.44 0.84 0.01 66
Sidi-Fredj

Female Mean 366.9 0.68 3.42 0.14* 71.1
s.d. 178.3 0.12 0.85 0.09 54.8

Male Mean 52.9 0.90 4.42 0.05 92.7
s.d. 73.2 0.41 0.56 0.03 78.8

‘Significant difference between sexes.

Table 4. Comparison of the metal concentrations in the gonads of 
Paracentrotus lividus from three Algerian sites, AB Algiers Beach,
TM Tamentfoust, SF Sidi-Fredj (two-factor ANOVA: sex and site).

Metal in 
gonads

ANOVA p n Level of 
contamination9
i J

Sex Site Interaction
1 5

Zn < 1 0 ~ 4 0.26b 0.53 60 TM SF AB
Pb 0.69 b < 1 0 ~ 4 0.66 60 AB TM SF
Cu < 1 0 ~ 4 < 1 0 ~ 2 0.11 60 SF TM AB
Cd < 1 0 ~ 4 0.45b 0.80 60 SF AB TM
Fe 0.40 b < 1 0 ~ 3 0.06 60 TM SF AB

Stations showing no statistical difference between metal concentrations are 
underlined (p >  0.05, Tukey HSD test). 
bNot statistically significant.

w ith w hich the  different classes o f  larvae were found  by site and  in 
the  controls. The low  rate at w hich norm al larvae were found  after 
exposure to  sedim ents from  Algiers Beach (D u n n e tt’s test, p  <  
IO- 4 ) was related to  an  increase w ith w hich abnorm al plutei 
(P I)  and  re tarded  plu tei (R) were found; the  high rate w ith 
w hich re tarded  plu tei were found  (47.8 +  13.5) explains w hy the 
rate o f  viable plu tei (N + R ) in  Figure 2 was ra ther high (68.33% ).

Integrated data analysis
The factor analysis presented in  Figure 3 was carried o u t to inves
tigate possible relationships betw een m etal concentra tions in  sedi
m ents as well as in  m ale and  female gonads, and the percentages o f 
“viable” (healthy) and  abnorm al (P I)  larvae. Succinctly, two 
factors are represented by  the  x- and  y-axes; the  variables were d is
tribu ted  along the axes according to their correlation  coefficients 
for each factor. The first two factors accounted  for 99.9% o f  the 
to ta l variance in  the  data. Figure 3 shows th a t along the x-axis, 
Fe, Cu, and Z n  concentrations in  sedim ents opposed Cd and  Pb 
concentra tions in  sedim ents. M oreover, depending  on  w hich 
m etal was being studied, the  strength o f  the  relationship betw een 
the  concentra tion  o f  m etal in  sedim ents and  the  concentrations 
in  m ale and  female gonads was m ore o r less m arked. For 
exam ple, Figure 3 indicates a strong re lationship betw een Pb 
levels in  sedim ents and  in  b o th  types o f  gonads, whereas for Cd 
and  C u concentrations, the  relationship  is strong only betw een 
the  m ale gonads and  the  sedim ents. A long the  x-axis, the  percen
tage o f  viable larvae is related to  Fe, Cu, and  Z n  concentra tions in 
the  sedim ents, b u t less to  Pb and Cd concentra tions in  sedim ents 
and  gonads. This suggests a strongly negative in te rac tion  betw een 
Pb and  Cd and  the percentage o f  viable larvae. In  term s o f 
abnorm al larvae, there  is a strong relationship betw een Pb and 
Cd concentra tions in  the sedim ents and  the  gonads.

Z n  concentrations in  m ale and female gonads and Fe concen
trations in  female gonads lie at the negative end o f  the  y-axis, 
whereas Cd and Cu concentrations in  female gonads are at the 
opposite  end o f  the  axis. The percentage o f  viable larvae lies 
along the negative p a rt o f  this axis, suggesting negative in te r
correlation  betw een this param eter and  Cd and C u concentrations 
in  female gonads.

Discussion
O u r study aim ed to  assess the  extent o f  m arine  po llu tion  in  the 
neighbourhood  o f  the Bay o f  Algiers from  a set o f  chem ical and
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N orm al larvae

Control Wimereux Tamentfoust Sidi-Fredj Algiers Beach

V iable larvae

Control Wimereux Tamentfoust Sidi-Fredj Algiers Beach

Figure 2. Percentages (mean +  s.d.) of (a) normal and (b) viable 
larvae of Paracentrotus lividus after exposition to  dried sediments 
and control throughout embryogenesis (72 h). Six replicates by 
exposure, 100 larvae scored by replicate. For each species, there were 
no significant differences between the  series designated by the  same 
letter (one-way ANOVA followed by a Bonferroni's test, p =  0.05).

toxicological data  and  using the sea u rch in  P. lividus as a 
bioindicator.

N one o f  the  three  sites stood o u t from  the o thers as having 
h igher concentra tions o f  all m etals in  the to ta l sedim ents o r  in  
sea u rch in  tissues. The sedim ents from  Algiers Beach had the 
highest concen tra tion  o f  Pb b u t the  lowest concentra tions o f  Z n 
and  Fe. In  contrast, the  highest concen tra tion  o f  Fe was at 
Sidi-Fredj. O f the three  sites, Algiers Beach is richest in  silt, and  
usually the  h igher the  percentage o f  the  fine fraction, the  greater 
the load o f  heavy m etals in  the  sedim ents. However, a t Algiers 
Beach, on ly  Pb was at a h igh concentra tion . The concentrations 
o f  heavy m etals in  the  gonads o f  sea u rchins from  Algiers Beach 
confirm ed the results for the  sedim ents: a particularly  high con
cen tration  o f  Pb and  a low concentra tion  o f  Fe. Sidi-Fredj had 
the greatest concentrations o f  Cu. Cd levels d id  n o t vary signifi
cantly betw een field sites.

T he Cd and  C u concentrations m easured in  sedim ents can be 
considered as close to  the background  concentra tions reported  
in  the literature for the M editerranean Sea. The to ta l fraction  con
tained 0 .1 2 -0 .7 6  pug g_1 d ry  w t o f  Cd com pared w ith 0 .0 5 -  
1 pug g_ 1 d ry  w t background  concen tra tion  o f  Cd in  the 
M editerranean Sea (EEA, 1999). However, at Algiers Beach, Cd 
concen tra tion  was 1.22 prgg-1  d ry  w t in  the  fraction o f  grains 
< 6 3  |xm. C u concentra tion  was 4.1 -6 .4  pug g -1  d ry  w t in  the 
to ta l fraction o f  sedim ents and 20.9 pug g-1  dry  w t in  the fraction 
o f  grains < 6 3  |xm, com pared w ith 5 -3 0  prgg-1  d ry  w t back
g round  concen tra tion  in  the  M editerranean Sea (EEA, 1999). Z n 
and  Fe concentrations, respectively, fell w ith in  the ranges 0 .0 2 -  
0.08 and  7 .1 -4 1 .5  prgg-1  d ry  wt; these data are far lower than  
the  values given in  the literature for the M editerranean Sea, i.e. 
Z n  concentrations in  the  range 3 5 -1 5 0  pug g-1  d ry  w t (Saad 
et al., 1981; van H oogstra ten  and  N olting, 1991; Storelli et al., 
2001) and  Fe concentra tions >  IO3 pug g_1 d ry  w t (Saad et al., 
1981; Storelli et al., 2001; M enchi et al., 2002). O nly the Pb 
values in  the  to ta l fraction o f  sedim ents from  Algiers Beach 
(39.6 prgg-1  d ry  w t) and  in  the  fraction o f  grains < 6 3  pim at 
Sidi-Fredj (40.6 pug g _1 d ry  w t) exceeded the background  concen
trations o f  5 .2 -2 3 .2  (EEA, 1999) o r  4 - 1 7  pug g_1 d ry  w t reported  
in  the US NOAA-issued reference tables (B uchm an, 1999).

In  the gonads, o th er th an  for Zn, ou r conclusions o n  sedim ent 
con tam ination  by  heavy m etals were confirm ed by com paring  o u r 
data  w ith  literature data  o n  P. lividus (Table 6), especially the  study 
by W arnau  et al. (1998). The Cd, Cu, and  Fe levels in  sea u rch in  
gonads from  all three  sam pling sites averaged the sam e as back
g round  concentra tions reported  for P. lividus gonads. O ur study  
show ed no  significant difference in  Z n  concentrations am ong 
sites; all values were h igher th an  concentra tions estim ated for 
female gonads o f  Sphaerechinus granularis in  the Bay o f  Brest 
(betw een 190 and  700 prgg-1  d ry  w t) (G uillou et al., 2000), a 
bay  know n to  be con tam inated  by Z n-loaded ru n -o ff  water 
because m ost o f  the  roofs o f  buildings are m ade o f  Z n (Troadec, 
1995). U nder such conditions, the low  Z n levels found  in  sedi
m ents com pared w ith those in  female gonads are intriguing. 
However, Z n  is no t a good ind icator o f  po llu tion  because it is 
an  essential elem ent for an im al m etabolism  and  can exist at tem 
porarily  high concentrations in  tissues (H am bridge et al., 1986). In  
contrast, the  high Pb levels in  gonads m atch the  h igh concen
trations in  sedim ents. O f the  sites com pared in  Table 6, only 
Rabat (M orocco) had concentra tions higher th an  ours, probably 
because o f  the extensive p o tte ry  activity there  and the  absence o f 
efficient wastewater trea tm en t (Bayed et al., 2005).

T he geographical gradient we found  in  Pb in  the sedim ents 
agrees w ith the gradient o f  m etal accum ulation  in  the  gonads; 
b o th  highlight Algiers Beach as the  m ost heavily con tam inated  
site in  term s o f  Pb. However, the  differences betw een sites in

Table 5. Frequencies (mean +  s.d.) of developmental stages of Paracentrotus lividus larvae exposed to  sedim ent samples throughout 
embryogenesis.

Site N R PI P2 Dul V Du2
Control 59.2 +  9.7 23.7 +  5.9 8.7 +  4.7 8.5 +  3.2 - 82.8 +  6.3 -
Wimereux 61.7 +  5.8 27.7 +  6.2 5.0 +  2.3 5.7 +  2.2 =  0.6 89.3 +  2.4 =0.05
Sidi-Fredj 60.7 +  8.1 19.8 +  2.6 10.7 +  3.1 8.8 +  4.2 =  0.6 80.5 +  6.8 =0.4
Tamentfoust 62.2 +  6.6 20.2 +  3.9 8.2 +  3.3 9.5 +  2.6 =  0.6 82.3 +  4.8 =0.5
Algiers Beach 20.5 +  17.4 47.8 +  13.5 24.3 +  7.9 7.3 +  3.3 <0.0005 68.3 +  6.4 <0.0005

N, normal plutei; R, retarded plutei; P1, abnormal plutei; P2, Blastula; V, viable plutei. Du1, result of the Dunnett test used to compare the rate of normal 
plutei to control plutei. Du2, result of the Dunnett test used to compare the rate of viable plutei to control plutei.
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such as Fe and  Z n  against o th er metals, o r (iii) the high risk o f 
e rro r in  m easuring m etal concentra tions in  b io ta  w hen the  co n 
centrations o f  Fe, Zn, and  C u in  the sedim ents are very low.

The high co n tam ination  o f  Pb at Algiers Beach show n by  sedi
m en t and  gonad analyses is confirm ed by the  results o f  a recent 
study  o f  the  w ater and stream  sedim ents o f  O ued El H arrach 
(Yoshida et al., 2005). A ccording to  those authors, Pb concen
trations are in  the range 2 1 -4 1  |xg g-1  d ry  w t in  the sedim ents 
from  the O ued m ou th , close to  the values we found  in  term s o f 
the  to ta l fraction o f  Algiers Beach sedim ents (39.6 |xg g_1 dry  
w t). It is therefore likely th a t the  Pb po llu tion  results from  the 
discharge o f  un trea ted  industria l wastewater.

The results o f  the bioassays show ed th a t Algiers Beach was the 
only site where toxins affected sea u rch in  em bryos, w ith 24.3% 
being abnorm al larvae (vs. 7.9 +  2.8%  for the  o ther sites) and 
47.8%  o f  re tarded  larvae (vs. 22.56 +  4.4%  for the o th er sites). 
N o difference was detected betw een the  two o ther A lgerian sites, 
the  reference site (W im ereux) and  the  control. A ccording to 
K obayash ii (1991) criteria, the  level o f  norm al plu tei from  
Algiers Beach (20.5% ) indicates strong in h ib ition  o f  sea u rch in  
developm ent a ttribu tab le  to a m arked environm ental disturbance. 
The viability o f  larvae appeared to be negatively dependent o n  Pb 
concentra tions in  m ale and  female gonads, w hich were positively 
correlated w ith the  Pb concentra tion  in  the to ta l fraction o f  the 
sedim ents. The positive relationship  deduced from  the in tegrated 
data  analysis found  betw een the rates a t w hich viable larvae were 
found  and Cu, Fe, and  Z n  concentrations w ould  n o t be sufficient 
to  dem onstra te  a positive effect o f  these m etals o n  larval

Table 6. Comparison of the  mean concentrations of metals in the  gonads of Paracentrotus lividus.

Source and sampling date Sites Mean concentration (p.g g dry wt)

Zn Pb Cu Cd Fe
Present study March 2002 Algiers Beach

females 385.5 6.14 2.84 0.14 73.8
Males 32.9 7.78 3.19 0.08 19.3

Tamentfoust
females 538.2 1.5 2.49 0.12 113
Males 76.1 0.88 3.88 0.05 112.6

Sidi-Lredj
females 366.9 0.68 3.42 0.14 71.1
Males 52.9 0.90 4.42 0.05 92.7

Bayed et al. (2005) March 2000 Atlantic Morocco
Rabat

females - 35.32 3.34 25.15 -
Males - 12.41 0.52 2.58 -

Bouznika
females - 11.3 5.56 2.21 -
Males - 7.18 1.52 1.51 -

Mohammedia
females - 5.22 2.51 2.24 -
Males - 6.14 1.18 2.32 -

Warnau et al. (1998) Calvi 124 2.25 0.15 3.47 51
Ischia 140 3.02 0.41 3.41 90
Marseille 109 3.68 0.19 3.51 39

Storelli et al. (2001) April 1998 Adriatic Sea 157.1 0.86 0.24 5.19 18.37

High values are emboldened and the maxima underlined.
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Figure 3. Factor analysis (principal com ponent m ethod) showing 
the relationships between the metal concentrations in the sediment 
(metal and SED), in the male gonads (metal and MG), in the female 
gonads (metal and FG), and the percentages of abnormal (Abn Larv) 
and viable larvae (Viab Larv). The first (x-axis) and the second (y-axis) 
factors account for 70% and 29.9% of the total variance, respectively.

term s o f  Fe and  Z n  concentrations in  tissues and  those in 
sedim ents are anom alous. In  o u r op in ion , the differences result 
from  (i) a difference in  the  bioavailability o f  these metals, (ii) 
differences in  the accum ulation  patterns o f  essential elem ents
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developm ent, b u t ra ther the  lack o f  a negative effect a ttribu tab le  to 
low  concentrations o f  these metals.

At Tam entfoust, located in  a sem i-enclosed creek a little farther 
th an  Algiers Beach from  the  O ued El H arrach, the  slight accum u
lation  o f  Pb in  sedim ents and  tissues and  the lack o f  larval ab n o rm 
alities b o th  su p p o rt the  hypothesis o f  local po llu tion  o f  Algiers 
Beach by  Pb. M oreover, because o f  its location, Tam entfoust 
m ay be pro tected  from  m arine  and sedim ent flows from  the 
O ued. The criteria  in  use in  this study  d id  n o t allow us to  d iscrim i
nate betw een Sidi-Fredj and  Tam entfoust, a lthough the  form er 
was expected to  be less po llu ted  by  heavy m etals because o f  its 
location  far from  the highly industrialized area im pacted by the 
Algiers m etropolis.

In  conclusion, o u r study  has confirm ed the relationships 
betw een developm ental abnorm alities o f  sea urchins, the  b ioaccu
m ula tion  o f  metals, and their con tam in a tio n  o f  sedim ents, at least 
where m etal concentrations in  the sedim ents were sufficiently 
high. O u r investigations led us to  discrim inate one toxic m etal 
(Pb) at concentra tions sufficiently high in  sedim ents and gonads 
o f  sea urchins from  Algiers Beach to  explain the  poor sea u rch in  
larval developm ent observed in situ (DS, pers. obs.). However, 
the in tensity  o f  the biological im pact at th a t site does n o t rule 
o u t the possibility th a t o th er pollu tants could  be involved. O ur 
m ethod  could  be im proved by increasing the nu m b er o f  toxins 
analysed, and  by  extending m etal analysis to  o th er sea u rch in  
storage organs, such as the gut, to  determ ine w hether heavy 
m etals are also accum ulated there (W arnau et al., 1998; G uillou 
et al., 2000).
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