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Abstract Lethal effects of Hg on Eurythoe complanata
held under laboratory conditions were evaluated (LCs, and
LTs0). Worms were exposed to 0-900 pg/L. of Hg for
10 days. Mortality occurred in all the treatments, being faster
at 200-900 pg/L, which was confirmed by a Friedman
ANOV A non-parametric test. The 4-day LCsg = 197.15 pg/
L (200 pg/L LTsg = 3.4 days) was similar to that reported
for other Hg tolerant annelids. Abnormalities were observed
in worms exposed to all the treatments, becoming more
severe as Hg concentrations increased: body darkening,
rough, white and opaque skin, everted and swollen proboscis
and gut evisceration.
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Mercury is one of the most toxic metals for polychaetes
(Reish et al. 1976; Reish 1988). Field concentrations
reported for coastal areas can reach up to 0.06 pg Hg/L
(Roth and Hornung 1977); however, levels recorded from
factory effluents from several chloralkali plants in Europe,
which eventually discharge into the coastal systems, can
range from 1,600 to 7,600 pg/L (von Canstein et al. 1999).
Some polychaete species have been considered as good
candidates for ecotoxicological studies in the laboratory
(Reish 1980). Effects of Hg on cultured annelids have been
poorly studied on polychaete mortality (Reish et al. 1976;
Reish and Carr 1978; Reish 1988; Reish and LeMay 1991)
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and oligochaete morphological abnormalities (Vidal and
Horne 2003).

The fireworm Eurythoe complanata (Pallas 1766) is
widely distributed in tropical and sub-tropical regions
especially on both sides of the American continent, in
intertidal and sublittoral rocky shores (Fauchald 1977). It
has been used as a test organism for toxicological studies in
the laboratory (Reish et al. 1989; Marcano et al. 1996;
Nusetti et al. 1998), but none of these bioassays have been
performed with Hg. Recently, we studied bioaccumulation
and elimination of Hg on this species kept in laboratory
conditions (Vazquez-Nuiiez et al. 2007). Thus, the aim of
this study was to analyze the effect of Hg on mortality of E.
complanata after exposure to solutions with different
concentrations under laboratory conditions. Moreover,
abnormalities produced by this metal, which have not been
reported previously, are described here.

Materials and Methods

Worms were collected under rocks from the mesolittoral
zone of Cerritos Beach, Mazatlan (23°18'30"N 106°
29'22"W) during August 2003. About 300 organisms (13—
15 cm length) were maintained in aquarium tanks con-
taining 20 L of seawater (34 PSU), a 5 cm layer of sand,
and rocks with attached algae from the same collection site,
to simulate natural conditions. Stock cultures were main-
tained at room temperature (26-28°C) in semi-dark con-
ditions for 17 days prior to the experiments. The rocks
were replaced every 8 days to allow animals to feed on the
algae. In addition, 1 g of fish food (Sera Vipan) was added
weekly as a complementary food source. Water exchange
was performed every 4 days.

In order to select the Hg concentrations, data from the
literature were taken into account. Reish et al. (1976) and
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Reish and Carr (1978) indicated 96 h-LCs, values ranging
from 22 pg/L. (Neanthes arenaceodentata) to 1,000 ng/L
(Capitella capitata). Recently, Vidal and Horne (2003)
exposed the oligochaete Sparganophilus pearsei to Hg
solutions from 10 to 2,400 pg/L. Based on this information
and on a preliminary screening test with a wide range of Hg
concentrations (1 to 1,000 pg/L on logarithmic scale)
performed in our laboratory, the experimental concentra-
tions were (0, 100, 200, 300, 400, 500, 600, 700, 800, and
900 pg/L). A stock solution (10° ug Hg/L) was prepared
using mercuric chloride (HgCl,) diluted in filtered
(<10 pm) and UV-purified seawater (INSTA PURA filter)
with a salinity of 34 PSU. To prepare the experimental
solutions with initial concentrations of 100, 200, 300, 400,
500, 600, 700, 800, and 900 pg/L, the stock solution was
diluted using filtered (<10 um) and UV-purified seawater.
The Hg concentrations of these solutions were determined
previous to the experiment by cold vapor atomic adsorption
spectrophotometry (CV-AAS), using SnCl, as a reducing
agent (Loring and Rantala 1992), with a Hg analyzer (Buck
Scientific).

Ten individuals per treatment (two replicates) were
examined and the duration of this bioassay was 10 days.
Worms were placed in 3 L (base: 12 x 20 cm; high:
12 cm) plastic aquarium tanks containing 1 L of aerated
Hg solution or filtered (<10 pm) and UV-purified seawater
(INSTA PURA filter), with a salinity of 34 PSU for the
controls. They were maintained at 26-28°C in the dark.
Daily observations were performed in order to observe
mortality and possible abnormalities produced by Hg
exposure. When dead animals were observed, they were
removed from the aquaria.

Since data were not normally distributed, the effect of Hg
concentrations on E. complanata mortality was tested by
the Friedman ANOVA non-parametric test (Zar 1996) for
mean differences (paired test) over the experimental
time (n = 11 observations, considering days 0-10). The
mean daily mortality percentages for each treatment were

compared using the Statistica ver. 5.5, 2000 program. The
LCso and LTsy were determined for different periods of
time and concentrations, respectively by the probit method
(Finney 1971), which consists of a straight-line graphical
interpolation (Probit, ver. 1.0, 1990 program).

Results and Discussion

Total mortality was observed in all the tested Hg concen-
trations. Worms exposed to 100 pg/L began to die at day 6,
but did not survive at the end of the bioassay, while 100%
mortality occurred faster in the 200-900 pg/L treatments
(Fig. 1). The effect of Hg concentrations on E. complanata
mortality was confirmed by the Friedman ANOVA non-
parametric test, since significant differences were found
between the control groups, and all the Hg treatments
(Table 1). Moreover, significant differences were observed
among the lower Hg treatments (100-300 pg/L). The lack
of significant differences in the highest concentrations
(400-900 pg/L) was due to the high mortality at the
beginning of the experiment (Fig. 1).

100
---¢-- Control
% | —e—100
_ ~0-200
E ol —e—300
2 \mw 4/ 400
S — 500
5 40 -0 600
= —=—700
20 - 800
—4—900

Time (days)

Fig. 1 Mortality of Eurythoe complanata exposed to the different Hg
concentrations (pg/L)

Table 1 Friedman ANOVA paired test for effects of Hg concentrations on E. complanata mortality (n = 11; df = 1) (* p < 0.05)

Controls 100 pg/L 200 pg/L 300 pg/L 400 pg/L 500 pg/L 600 pg/L 700 pg/L 800 pg/L
Zop Zop Zop Zop Zop Zop Zop Zop Zop

100 pg/. 5 0.025%

200 pg/L 8 0.005* 6 0.014*

300 pg/ 9 0.003* 7  0.008* 4  0.046*

400 ng/. 9 0.003* 7  0.008* 4  0.046* 1 0.317

500 pg/L 9 0.003* 7 0.008* 4 0.046* 4  0.046%* 2  0.157

600 pg/L. 10 0.002* 8  0.005* 5 0.025¢* 5 0.025* 3 0083 1 0.317

700 pg/L 10 0.002* 8  0.005* S5  0.025¢* 5 0.025* 3 0083 1 0317 1 0317

800 pg/L 10 0.002* 8  0.005* 5 0.025* 5 0.025%* 3  0.083 1 0317 1 0317 - -

900 pg/L 10 0.002* 8  0.005* 5 0.025* 5 0.025* 3 008 1 0317 1 0317 1 0317 1 0317
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Table 2 LCsq and LTsq values

. > Days LCso Lower limit Upper limit H LTsq Lower limit Upper limit
with 93% confidence limits T Ge e (gL (gl @ayo  (dayo (day)

2 443.6 - - 100 7.2 6.8 7.5

3 329.3 122.8 462.2 200 34 2.8 3.8

4 197.2 0.8 308.2

5 161.2 - -

6 139.5 25.0 222.6

7 84.4 38.4 123.6

Results of LCs, and LT testing were reported only for
the cases when data fitted significantly the probit lines
(Table 2). The LCs, value obtained here at day 4 is in the
same order of magnitude as those reported for the poly-
chaetes N. arenaceodentata (96-h LCsy = 150 pg/L) and
Ophryotrocha labronica (96-h LCsy = 160 ng/L), studied
by Reish and LeMay (1991). According to these authors,
these species were more tolerant to Hg than C. capitata (96-h
LCsg = 47 pg/L), Nereis grubei (96-h LCso = 90 pg/L)
and Pectinaria californiensis (96-h LCsy = 60 pg/L) tested
in simultaneous experiments. Similar results were obtained
at pH = 7 and 10°C for the oligochaetes Limnodrilus hoff-
meisteri (96-h LCso = 150 pg/L), Stylodrilus heringianus
(96-h LCsp = 140 and 180 pg/L) and Tubifex tubifex (96-h
LCsy = 140 pg/L) (Chapman et al. 1982). Comparisons
with these tolerant polychaete and oligochaete species sug-
gest that E. complanata could be considered as a candidate to
be a biomonitor species for Hg contaminated zones. To
strengthen this suggestion, several toxicological studies
should be performed using this species.

Comparisons of LCsy and LTs, data should be inter-
preted with caution since differences in experimental
periods as well as variations in experimental conditions can
produce completely different results (Reish and Carr 1978).
For instance, Hg 96-h LCs, results obtained by Reish et al.
(1976) and Reish and LeMay (1991), differed during sev-
eral experiments with same analysed polychaete species
like C. capitata (<100 vs. 47 pg/L, respectively) and N.
arenaceodentata (22 vs. 150 pg/L, respectively). Accord-
ing to these authors, it is unknown if differences are due to
genetic adaptation or differences in the experimental pro-
tocols. Moreover, Sturmbauer et al. (1999) demonstrated
that LCsy values were highly variable among different
natural populations of the oligochaete 7. fubifex exposed to
several Cd concentrations and concluded that different
degrees in resistance could be due, in part, to differences in
genotype compositions.

Several abnormalities were observed in worms exposed
to all the treatments, and became more severe as Hg con-
centrations increased (Fig. 2). These observations were
recorded once the worms died. Individuals from the
100 pg/L treatment experienced a change in color from

@ Springer

brownish-orange to gray, which became darker at 200 pg/L
Hg. Under 300 pg/L, the skin of worms became rough and
opaque, turning white in color. Moreover, the proboscis
looked everted and swollen. These abnormalities were also
observed in worms exposed to 400-600 pg/L. At 700 pg/
L, worms had the swollen proboscis and their skin began to
break provoking a gut evisceration. These abnormalities
were also observed in the 800 and 900 pg/L treatments.
The number of individuals with abnormalities increased
with increasing Hg concentrations, as shown in Fig. 2.
None of these abnormalities was observed in worms that
died in natural conditions (i.e., from the stock culture and
from the controls after the experiments), which indicates
that they were produced by Hg exposure.

Most of the toxicological studies in laboratory per-
formed with annelids are focused on testing, quantitatively,
dose-response relationships at ecological, physiological
and biochemical levels, but external abnormalities pro-
duced by toxicants are rarely described. For instance,
Lucan-Bouché et al. (1999) found that Cu and Pb exposure
produced abnormal caudal regions (completely missing or
regenerating) on the oligochaete T. fubifex. Geracitano
et al. (2004) observed histological and morphological
abnormalities in the polychaete Laeonereis acuta caused
by Cu exposure. Previous studies performed with E. com-
planata have reported injuries at an immunological level.
Marcano et al. (1997) and Nusetti et al. (1998) demon-
strated the immunosuppressor action of sublethal doses of
Cu, which provoked a decrease in phagocytosis as well as
in the development of eritrocitic and secretory structures,
but external abnormalities were not mentioned. The
autotomy experiments performed by Vidal and Horne
(2003) with the oligochaete S. pearsei exposed to Hg (10—
2,000 pg/L) showed that, in most cases, the metamere
caudal region formed sphere-like shapes with a “rosary
bead” appearance. The strong macroscopic abnormalities
provoked by Hg in E. complanata described in this study
had not been previously reported for polychaetes.

To date there are no protocols at physiological or eco-
logical levels to study the effects of Hg on E. complanata.
Vazquez-Nuifiez et al. (2007) proposed this species as a
possible ecotoxicological test organism based on
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Fig. 2 a Number of individuals
of Eurythoe complanata with
abnormalities assessed at the
time of death under different Hg
concentrations. Abnormalities:
b none, ¢ dark body, d rough
and opaque skin (ROS) and
everted and swollen proboscis
(ESP), e ESP and gut
evisceration (GEV)

25 a

Individuals with abnormalities

0 100 200

Control

300 ug Hg/L

bioaccumulation and elimination experiences. In this study,
information about the effect of Hg on polychaete mortality
(Reish et al. 1976; Reish and Carr 1978; Reish 1988)
was considered to design our experiment. Although the
experimental Hg concentrations were relatively high,
the sensitivity to Hg from 200 to 900 pg/L exhibited by
E. complanata, as well as its size (i.e., 13—15 cm length), and
its relatively easy collection and culture suggest that this
species could be a good candidate to be a test species after the
performance of physiological, ecological and biochemical
studies. In addition, histological studies to closely observe
abnormalities produced by this metal should be done.

This study constitutes the first report of LCsy and LTsq
data for E. complanata exposed to Hg in solution under
laboratory conditions. The mortality recorded from 200 pg/
L and the macroscopic abnormalities observed in all the
treatments could have important ecological implications

300 400 500 600 700 800 900

Hg (ug/L)

»
¥

100 ng Hg/L

i

'ﬁs

700 ug Hg/L

for natural populations, since ecosystems with concentra-
tions as high as 100 pg/L, like those reported for sporadic
discharges of industrial wastewater by von Canstein et al.
(1999) could produce serious damage to polychaetes or
other benthic communities.
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