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Medicinal leech (Hirudo verbana) were exposed for 30 days to various concentrations of Zn
(0.188,0.375, 0.75, 1.5, 3.0, 6.0, 12.0, 24.0 and 48.0 mg/1), Cu (0.004, 0.008, 0.016, 0.032, 0.063,
0.125,0.25,0.5,and 1.0 mg/1) and their equitoxic mixture Zn + Cu (0.188 + 0.006,0.375 + 0.012,
0.75 + 0.023, 1.5 + 0.045, 3.0 + 0.09, 6.0 + 0.18, 12.0 + 0.36, and 24.0 + 0.72 mg/l). The LC,,
values were determined for the following exposures: 48 h, 96 h, 10 d, 20 d, and 30 d. Mortality of
animals was observed during the whole 30-d period. Lethal effects of metals on leech were pro-
longed as compared to fish; therefore, long-term experiments for leech are needed. The sensitivi-
ty of leech to Cu was remarkably higher than to Zn. A partially additive interaction of Zn and
Cu in the mixture was found. The additive effects were considerably higher during the shorter

(96 h, 10 days) than during the longer exposures (20 and 30 days).
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INTRODUCTION

The impact of heavy metals and their interactions in mixtures are
being investigated using various species of invertebrates. Studies
on the medicinal leech, which is a convenient tool for toxicologi-
cal research, are still scarce (Pnepos, 1989; Petrauskiené, 2003,
2004). The lethal eftects of heavy metals and other chemicals on
fishes are mostly pronounced during the first four days of ex-
posure; usually, the concentration that caused a 50% mortality
during a 96-h exposure period (96-h LC, ) is estimated as an in-
dex of acute toxicity. Many species of invertebrates were consid-
ered more tolerant to various toxicants since their 96-h LC, was
remarkably higher than that for fishes (Moore, Ramamoorthy,
1984). More recently it has been found that the lethal effects of
various toxicants on invertebrates are prolonged, and mortal-
ity may occur after a 96-h exposure (Moles, 1998, 2001; Scarlett
etal.,2007).

The aim of the present study was to determine the lethal ef-
fects of Zn, Cu and their mixture on the medicinal leech during
along-term exposure.

METHODS

Experiments were carried out on the medicinal leech (Hirudo
verbana) bred under laboratory conditions. Animals under
study were 22-24 months old with the body weight between 4
and 8 g. Leech had not been fed for 4 months before initiation of
experiments. Animals were placed in pairs into 1-1 glasses, half
filled with a test solution of metals or with control water. Water
and solutions in glasses were renewed every 24 h. Animals were
exposed to solutions of Zn, Cu and their mixture for a 30-day
period. Stock solutions were prepared in distilled water using

chemically pure sulphates ZnSO, - 7H,0 and CuSO, - 5H,0. The
final concentration was recalculated according to the content of
heavy metal ions.

Deep well water in which leech were bred and constantly
maintained served for dilution and for the control tests. Water
specifications: hardness 270-300 mg/l as CaCO,; alkalinity
244 mg/l as HCO; pH = 7.9-8.1; dissolved oxygen 5-7 mg/l;
temperature 19.5-20 °C. Animals were exposed to nine different
concentrations of single metals: Zn 0.188, 0.375, 0.75, 1.5, 3.0,
6.0,12.0,24.0,and 48.0 mg/l; Cu 0.004, 0.008,0.016,0.032, 0.063,
0.125,0.25,0.5,and 1.0 mg/l. The Zn + Cu mixture was composed
based on the 30-d LC, values of single metals. Concentrations
of Zn and Cu in the test mixture were as of follows (Zn + Cu):
0.188 + 0.006, 0.375 +0.012, 0.75 + 0.023, 1.5 + 0.045, 3.0 + 0.09,
6.0+0.18, 12.0+0.36, and 24.0+0.72mg/l. Twenty leech
were used for each test concentration. The mortality of leech
was recorded at 24-hour intervals. The LC, values and their
95% confidence intervals were calculated by the trimmed
Spearman-Kirber method (Hamilton et al., 1977) for the fol-
lowing exposures: 48 hours (h), 96 h, 10 days (d), 20 d, and 30 d.
The mode of interactions of metals in a mixture was estimated
using the mixture toxicity index (MTI) calculated according to
the formula of Kénemann (1981).

RESULTS

The data presented in Table 1 show that the duration of exposure
influenced the LC, values estimated for all types of solutions.
LC,, values for Zn decreased from 33.94 mg/l (48-h exposure)
to 3.0 mg/1 (30-d exposure). The latter concentration was 11.1
times lower than that of 48-h LC, . The values of LC,  for Zn were
gradually decreasing during the 48-h and to 20-d exposures,
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Table 1. Estimated LC,  values and their 95% confidence intervals for medicinal leech exposed to heavy metal solutions at different duration of exposure

Metal solution Exposure duration LC,, mg/l 95% confidence intervals, mg/I

48h 33.94 15.88-72.53
96 h 15.83 11.36-22.08

Zn 10d 6.89 4.95-9.60
20d 3.22 2.59-3.99
30d 3.00 2.33-3.87
48h >1.00 -
96 h 0.84 0.55-1.28

Cu 10d 0.38 0.27-0.53
20d 0.17 0.12-0.22
30d 0.09 0.07-0.13
48h 20.89 +0.63 14.76 + 0.44-29.58 + 0.86
96 h 13.79 + 0414 11.28 + 0.338-16.85 + 0.506

Zn+Cu 10d 6.89 +0.207 5.36+0.161-8.87 + 0.266

20d 3.65 +0.094 3.05 + 0.092-5.66 + 0.169
30d 2.80 +0.084 2.26 +0.067-3.47 + 0.104

while the 20-d LC_ and 30-d LC, values were quite close, their
ratio being only 1.07. In fact, there was no significant difference
between these two values because their 95% confidence intervals
were completely overlapped.

The range of the Cu concentrations applied did not allow
to calculate the 48-h LC,  value. LC, values for Cu were gradu-
ally decreasing during the 96-h and the 30-d exposure. The diffe-
rences between all the estimated LC_ values for different expo-
sures were significant because 95% confidence intervals either
did not overlap (among 96-h, 10-d and 20-d LC,  values) or over-
lapped very slightly (between 20-d and 30-d LC,; values). The
30-d LC, value was 9.33 times lower than that of 96 h.

The estimated LC, values for a mixture at different expo-
sures (Table 1) showed that in the majority of cases the con-
centrations of single metals in a mixture were lower than those
in solutions of single metals. The mixture toxicity indices were
0.55, 0.37, 0.048 and 0.099 for the 96-h, 10-d, 20-d, and 30-d
exposures, respectively (Table 2). Thus, MTI were more than 0
and less than 1. According to Kénemann (1981), it means that
the interaction of Zn and Cu in a mixture was partially addi-
tive. The additive effects were more pronounced in short-term
tests, indicating a loss of the potential for additivity during a
prolonged exposure.

Table 2. Mixture toxicity index (MTI) at different duration of exposure

Exposure | 96h [ 10d | 20d | 30d |
MTI 0.55 0.37 0.048 0.099
DISCUSSION

Mortality of leech exposed to Zn, Cu and to their equitoxic mix-
ture was observed during the whole 30-d period of exposure. The
estimated 30-d LC,  values for Zn and Cu were 11-9 times lower
than those in acute toxicity tests (48-h or 96-h exposure). Thus,
the lethal effects of metals on leech are considerably more pro-
longed than in fish. The mortality of fish in heavy metal solutions

was mainly observed during the 96-h exposure (Petrauskieng,
Daniulyte, 1996; Schiiirmann, Market, 1998; Svecevicius, 1999;
Jezierska, Witeska, 2001).

Copper was much more toxic to leech than Zn (up to 33.3
times after a 30-d exposure), i. e. the mode of toxicity of these
two metals was the same as in fish (Jezierska, Witeska, 2001;
Mar¢iulioniené et al., 2002). The toxicity of these two metals dif-
fers for various invertebrate species. Lethal toxicity caused by Zn
was higher than that of Cu on young crab Chasmagnathus gra-
nulata (Ferrer et al., 2006). Cu was more toxic than Zn to amphi-
pod Allorchestes compressa (Ahsanullah et al., 1998), to nauplii of
brine shrimp Artemia salina (Taylor et al., 2005), to earthworm
Aporrectodea caliginosa (Khalil et al., 1996), to larvae of the ma-
rine polychaete Hydroides elegans (Gopalakrishnan et al., 2007),
to rotifer Brachionus plicatilis (Taylor et al., 2005), and to soil ci-
liates Colpoda steinii, Colpoda inflata and Cyrtolophosis elongata
(Diaz et al., 2006). However, data on the toxicity of Cu and Zn
to photobacterium Vibro fischeri are contradictory: according
to Mowat and Bundy (2002), Zn was more toxic than Cu, while
Tsiridis et al. (2006) found that the toxicity of Zn was lower than
that of Cu.

The 96-h LC, of Zn for adult rainbow trout estimated in
our laboratory (in water with the same characteristics that
were used in the present study) was 3.8 mg/l (Svecevicius, 1999;
Mar¢julioniené et al., 2002). Thus, the Zn acute toxicity test
showed that rainbow trout was four times more sensitive than
leech. However, 30-d LC_ for leech is 3 mg/l, therefore lethal ef-
fects onleech were observed at a concentration lower than the le-
thal concentration for rainbow trout. The median lethal concen-
trations of Cu in a short-term exposure were similar for rainbow
trout and for leech: 96-h LC_| for rainbow trout was 0.65 mg/l
(Mar¢iulioniené et al., 2002), while for leech it was 0.84 mg/l.
However, the 30-d LC,  of Cu for leech determined in our study
was 0.09 mg/l, i. e. the value was 7.2 times lower than the 96-h
LC,, for rainbow trout, indicating a high sensitivity of leech
to Cu. The mixture toxicity index determined in our study for
leech showed that the interaction of Zn and Cu in their mixture
was partially additive. Additive effects were more pronounced
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in short-term tests, indicating a loss of the potential for addi-
tivity during a prolonged exposure. The interaction of Zn and
Cu in mixtures varied greatly for various invertebrate species.
The interaction was synergetic for nematode Caenorhabditis
elegans (Jonker et al., 2004), partially additive for zebra mussel
Dreissena polymorpha (Kraak et al., 1993), antagonistic for peri-
winkle Tympanotonus fuscatus (Otitoloju, 2002), and synergis-
tic for bacteria Escherichia coli and Vibro fischeri (Preston et al.,
2000; Tsiridis et al., 2006).

In conclusion, the assessment of lethal toxicity of heavy
metals and other chemicals, based on short-term tests, cannot
provide enough information needed for predicting the environ-
mental impact on invertebrates. As the present study and inves-
tigations of other researchers show (Moles, 1998, 2001, Scarlett
et al., 2007), the lethal effects of toxicants on invertebrates are
more prolonged as compared with those on fish; therefore, long-
term experiments are necessary. The further investigations of the
sublethal effects of Cu and Zn and their mixture are necessary to
evaluate the sensitivity of leech and to determine the mode of
action of metals in mixtures.
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Medicinineés délés (Hirudo verbana) buvo veikiamos 30 dieny (d.) Zn,
Cu ir jy ekvitoksinio misinio tirpalais. Nustatytos LC, $ioms poveikio
trukmeéms: 48 val., 96 val., 10, 20 ir 30 d. Délés Zuvo per visas 30 dieny.
Metaly letalus poveikis déléms buvo labiau istestas laike, lyginant su
poveikiu Zuvims, todél déliy jautrumui jvertinti reikalingi ilgalaikiai
bandymai. Délés buvo daug jautresnés variui nei cinkui. Cinko ir vario
misinyje nustatyta $iy metaly i§ dalies adityvi saveika. Adityvus poveikis
buvo ryskesnis esant trumpoms ekspozicijoms (48 val.- 10 d.), nei
ilgoms (20-30 d.).

Raktazodziai: cinkas, ilgalaikis poveikis, medicininé délé, sunkiyjy
metaly misinys, varis



