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Abstract 

The filtration rate of zebra mussels (Dreissena polymorpha), as a sensitive 
biological end point, was used to evaluate the toxicity of lead and iron. Zebra 
mussels were exposed individually to serial levels of lead and iron (800, 1000, 
1200, 1400, 1800 μg L-1). The inhibition of filtration rate was determined after 
24 h. The bioassay revealed that the effective concentration causing filtration 
inhibition 1% (EC1filtration), 5% (EC5filtration ), 10% (EC10filtration), 50% 
(EC50filtration) and 99% (EC99filtartion) of Pb and Fe to D. polymorpha were 
427.072, 601.310, 721.648, 1373.448, 4416.951 μg L-1 and 409.908, 571.420, 
682.141, 1274.149 and 3960.532 μg L-1, respectively. The ECx values recorded 
for Fe were higher than those recorded for Pb. Therefore, Fe was found to be 
more toxic to zebra mussels than Pb. The interactive effect of these metals was 
examined by testing the inhibition of filtration rate of zebra mussels exposed to 
1:1 mixture of Pb and Fe. It was established that their interaction was synergistic. 
The results show that D. polymorpha filtration rate can be a sensitive end-point 
for assessing ecological risk of Pb and Fe as environmental contaminants. 
Keywords: metals, interactive effects, ecotoxicology, zebra mussels, filtration 
rate. 

1 Introduction 

Freshwater and marine bivalves are used globally as bioindicators of water 
quality and as ecotoxicological test organisms [1–3]. Zebra mussels (Dreissena 
polymorpha) are sessile organisms that filter the water columns and live attached 
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to solid substrates [4]. Although mussels do not filter continuously, it is likely 
that a single zebra mussel could filter 1 L of water per day [5, 6]. Thus, they 
have been used effectively to assess the contamination of freshwater ecosystems 
by inorganic [4, 7, 8] as well as organic pollutants [9–11]. Moreover, zebra 
mussels have been used in early warning systems [12]. Measuring the mortality 
as an end point in selected test species allowed the evaluation of environmental 
disturbances and associated biological effects [13]. For the ecotoxicological 
assessment of pollutants, there is an ultimate need to use more sensitive 
biological responses in order to detect the toxic units at low levels. Kraak et al. 
[14] found that the use of filtration rate of D. polymorpha to assess the toxicity 
of metals (Cu, Zn, Cd) is a responsive parameter. They found that, Cu LC50 was 
more than 25 times higher than the Cu EC50filtration (41μg L-1). Abel [15] 
reported for the marine mussel Mytillus edulis that the 96-h LC50 for Cu and Zn 
were 2 and 5 times higher than the EC50filtration. Thus, the uses of sublethal 
end points are far more realistic for ecotoxicological laboratory assessments than 
traditional mortality alternatives [14]. Zebra mussel is suitable test organism for 
ecotoxicological laboratory experiments using filtration rate due to little 
mortality and high filtration rate in the control [14]. Vijayavel et al. [16] reported 
that oxygen consumption; filtration and ATPase systems could be used as valid 
sublethal biomarkers in aquatic ecotoxicological studies. 
     Although some metals are necessary for normal physiological processes of 
aquatic organisms, but contact over threshold induces harmful effects or even 
death [17]. In the presence of elevated metal levels, the bivalves close their shells 
for longer time [12], exhibit reduced heart beat [18] and filtration rate [19]. Lead 
is a toxic metal that is present in the environment in tiny amount. Its largest 
industrial use worldwide is in the manufacture of batteries and it is also used in 
paints, glazes, alloys, radiation shielding and tank lining. Lead pollution comes 
from cars, lead smelters, metal processing plants, incinerators and some old 
paints (http://www.epa.gov/safewater/contaminants/index.html). Although, Fe is 
an essential micronutrient, elevated concentrations may limit the animal 
metabolism [20] and induces oxidative stress [21]. According to EPA, the 
maximum permissible level of Pb and Fe in surface water is 0.015 and 0.3 
mg L-1, respectively (http://www.epa.gov/safewater/contaminants/index.html).  
     Industrial and municipal wastewaters and urban storm water commonly 
contain combinations of metals such as copper, lead, and zinc in addition to 
organic residues, all of which may be directly or indirectly released into recipient 
aquatic systems [22]. Therefore, studying the ecotoxicological impacts of aquatic 
ecosystems by mixtures of pollutants is of increasing concern worldwide [23], 
[24]. The interactive toxic effects of metals in a mixture may be augmented 
(synergistic) or antagonistic [25]. Thus, the aim of the present study was to 
assess the lone as well as the interactive toxicity of Pb and Fe using filtration rate 
of D. polymorpha. 
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2 Materials and methods 

2.1 Mussels collection and laboratory care 

Zebra mussels (D. polymorpha, Pallas) were collected (November 2009) from 
Lake Balaton at Balatonaliga, (GPS, N 46 59 '  111 ' '  E 18 09  500 ' ' ),  Hungary. 
Mussels were acclimatized at a laboratory static system in well aerated tanks. 
The water of the aquaria was well aerated and changed weekly with Csigere 
stream water (near Devecser village west Veszprèm, GPS; N 47 07 '  081  – E 17 
25 '  244 ' ' , Hungary) to provide the mussels with natural food and to remove the 
possible accumulation of ammonium. The physical and chemical parameters, 
total phytoplankton biomass of Csigere stream water are presented in Table 1. 
They were measured using multi probe portable equipments (Multi HQ 40 d, 
Hach for DO, PH, conductivity and Hach Lange for turbidity). 

Table 1:  Some physicochemical characteristics and total phytoplankton 
noumber and biomass of Csigere stream water. 

 

2.2 Bioassay and estimating the total phytoplankton biomass 

Stock solutions of 10 mg L-1 for both PbCl2 and FeCl3 were used to prepare 5 
serial concentrations of each metal (800, 1000, 1200, 1400, and 1800 μg L-1). 
The exposure experiment was done in aerated plastic container (10 liters), 
containing 2 liters (1 liter Csigere stream water and 1 liter distilled water). The 
initial total phytoplankton biomass was 7952.38±302.21 mg m-3 for the control 
and test groups (Table 1). There were two replicates per each serial concentration 
and control group. Five mussels (shell length 10-15 mm) were used for each 
replicate. The bioassay was terminated after 24 h.  
     The total phytoplanktons in Csigere stream water as well as those in the test 
water were fixed by adding by few drops of Lygol solution. The total count of 
every phytoplankton species of each sample was done after at least 24 h of 
fixation. Total phytoplankton biomass as mg m-3 was computed by Hamilton 
computer software (algamica) based on the method of Gosselain and Hamilton 
[26]. 

2.3 Data analysis 

Using this software, automated calculations of densities, biovolumes, surface 
areas and carbon biomass were available at the termination of each sample count. 
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The data of total phytoplankton biomass were expressed as means± standard 
error. The filtration rate was calculated from the percentage of reduction of total 
algal biomass in each test concentrations as well as in the control group using the 
following formula: Filtration rate (%) = 100 (Initial biomass-Final 
biomass/Initial biomass). Inhibition of filtration regarding those of the control 
was computed using the following formula: Filtartion inhibition (%) = 100 
(Filtration rate of control-Filtration rate of test/Filtration rate of control). The 
ECx of tested metals and its confidence limit was computed using EPA probit 
analysis program version 1.5.  
     The interaction of both Pb and Fe was examined by exposing duplicate group 
of mussels to equitoxic (EC50) mixture of both metals. The observed inhibition 
(observed effect) of filtration rate was estimated from the reduction of total algal 
biomass. The theoretically expected (PE) effect of the binary mixtures on the test 
organisms was evaluated using the formula proposed by Kungolos et al. [27] and 
Hadjispyrou et al. [11]. It was computed using the following formula:  
P (E)=P1+P2-P1P2 /100. Where, P (E) is the theoretical expected effect, P1 is the 
inhibition caused by chemical A and P2 is the inhibition caused by chemical B. 
This model is based on the hypothesis that the toxicants act concurrently and not 
successively on the affected organism [24]. 

3 Results and discussion 

The data presented in Table (1) showed that Csigere stream water quality was 
normal and contained high amount of total algal biomass originating from an 
upstream fish pond. Its algal population was rich with 46 total numbers of taxa 
and total biomass of 15904.76 mg m-3. In Table 2 gives the filtration rate of D. 
polymorpha expressed as percentage clearance of total algal biomass of the 
control and those of serial concentrations of Pb or Fe. The bioassay revealed that 
the filtration rate of D. polymorpha was repressed due to the exposure to serial 
levels of Pb and Fe. Its magnitude varied according to the metal and its levels. In 
 

Table 2:  Acute effect (24 h) of lead and iron on filtration rate of zebra 
mussel (D. polymorpha). 
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case of Pb exposure, the lowest filtration inhibition (13.68±1.05%) was recorded 
for the lowest Pb level (800 μg L-1) and the highest filtration inhibition 
(71.15±3.98%) was recorded for the highest one (1800 μg L-1). Iron exposure 
induced a higher filtration inhibition than Pb. The lowest Fe level induced 
18.11±1.25% filtration inhibition and the highest one induced 78.22±4.79% 
filtration inhibition (Table 2). 
     Data are Mean ±SE. Filtration rate (%) = 100 (Initial biomass-Final 
biomass/Initial biomass). Filtration inhibition (%) =100 (Filtration rate of 
control-Filtration rate of test/Filtration rate of control). 

Table 3:  Comparison of different ECx of Pb and Fe based on filtration rate 
of D. polymorpha. 

 
   95% confidence limit indicated between parentheses. 
 
     The data in Table 3 present the computed EC1filtration, EC5filtration, EC10filtration, 
EC50filtration and EC99filtration of Pb and Fe to D. polymorpha which were 427.072, 
601.310, 721.648, 1373.448, 4416.951 μg L-1 and 409.908, 571.420, 682.141, 
1274.149 and 3960.532 μg L-1, respectively. Although the ECx recorded higher 
values for Pb than those for Fe, their 95% confidence limit overlap indicating 
nonsignificant differences, meanings that the toxicity of Fe was non-significantly 
higher than those of Pb. It was found that D. polymorpha exposed to equitoxic 
mixture of both Pb and Fe exhibited a significantly higher filtration inhibition 
than the theoretically expected one. Thus, the interactive effect of both tested 
metals was synergistic (Table 4). 
     Bioassays using biological responses other than mortality are more precise 
and generally the values of EC50 are lower the values of LC50 [28]. Kraak et al. 
[4] found that zebra mussels collected from Eijsden on the river Meuse (Belgian 
and Dutch border, km 620) containing elevated levels of Cu, Zn, Cd and Pb 
exhibited also low filtration rate, the results compared with reference 
contamination free water (Lake Markermeer, The Netherlands). Kraak et al. [14] 
estimated the 48 h EC50filtration of Cu (41 μg L-1), Cd (388 μg L-1) and Zn (1350 μg 
L-1). Loayza-Muro and Elliás-Lettas [3] assessed the inhibition of filtration rate 
of Anodontites trapesialis (Unionidae) and found that Cd exerted the most toxic 
effects (EC50filtration 64 μg L-1) followed by Cu (605 μg L-1) and Zn 
(4064 μg L-1). 

Environmental Impact  581

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 162, © 201  WIT Press2



Table 4:  Acute effect (24 h) of equitoxic binary mixtures of lead and iron on 
% inhibition of filtration rate and comparison between theoretically 
expected and observed interactive effects of zebra mussel  
(D. polymorpha). 

 
 
     Data are Mean ±SE. Filtration rate (%) = 100 (Initial biomass-Final 
biomass/Initial biomass). Filtration inhibition (%) =100 (Filtration rate of 
control-Filtration rate of test/Filtration rate of control). ↑ is significantly higher 
than E, more than additive. 
     The results herein reported that the exposure of D. polymorpha to Pb and iron 
causes inhibition of the filtration rate. This phenomenon was previously reported 
for other heavy metals and for different species [3, 4, 16, 28]. The present study 
recorded 24 h EC50filtration for Pb (1373.448 μg L-1) and Fe (1274.149 μg L-1). This 
means that Pb was more toxic than Fe to D. polymorpha. The recorded 24 h 
EC50filtration of Pb was closer to Zn 48 h EC50filtration (1350 μg L-1) recorded 
previously for zebra mussel by Kraak et al. [14]. The 24 h EC50 value is usually 
approximately around the half of 48 h EC50. Thus, it could be concluded that the 
toxicity of Zn is greater than Pb and Fe. Neal et al. [29] reported higher level of 
Pb (6.3 μg L-1) in river Swale (one of Humber rivers, UK) than the background 
(0.2 μg L-1) but they are less than those reported for major industrial rivers of 
Europe (57 μg L-1) (e.g. the Rhine) and less than the average of environmental 
quality standard, EQS, (8-18 μg L-1). They also found 113 μg Fe L-1 in river 
Swale water which is higher than those of Rhine water (35 μg L-1) but also below 
than EQS level (1000 μg L-1). Moss et al. [30] reported ecological relevant levels 
of Pb 30 μg L-1 and Fe 20-1195 μg L-1 in crawfish (Procambrus clarkia) pond. By 
comparing these results with EC50filtration recorded in the present study, it was 
found that the Pb level was far low from the EC50filtration, whereas the upper limit 
of Fe was less below those of Fe EC50filtration. 
     The present results found that the mixture of Pb and Fe exerted synergistic 
toxic effect to D. polymorpha. This result was in agreement with those reported 
earlier by Cooper et al. [31] for mixture of copper, lead and zinc using 
immobilization test of Cladoceran species, Daphnia carinata and Ceriodaphnia 
dubia. Interaction of metals may be influenced by the species being tested, 
combination of metals or water quality [31]. Sephar and Fiandt [32] declared that 
the same combinations of metals (arsenic, cadmium, chromium, cooper, mercury 
and lead) showed different interactive effects depending on both species exposed 
and the end point tested. The same authors found that when daphnids are used as 
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the test organisms the effects are almost strictly additive or nearly additive for 
acute and chronic exposures, respectively. 
     The data of this study reiterate that the use of filtration rate of D. polymorha 
could be useful biomonitoring test for evaluating the toxicity of Pb and Fe. Also, 
the toxicity of Fe was higher than Pb and their interaction was strictly additive. 
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