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Abstract 
In developing countries, e-waste battery treatment and management is a severe problem. Most batteries contain 
heavy metals, but some can contain very toxic heavy metals such as mercury that can be hazardous to the 
environment. The current investigation aims to evaluate both the acute and chronic effects of the leachates from 
two cells (named Con O and Maxell) that are commonly used in Vietnam on the micro-crustacean Daphnia 
magna. The median lethal concentrations at 24h and 48h (LC50) of the D. magna exposed to leachate from Con 
O cell were 150 and 100 mg/l, respectively. The 24h- and 48h-LC50 values of the Maxell cell to the animals 
were 100 and 70 mg/l, respectively. Therefore, the toxicity of the leachates from the Maxell battery was more 
severe than that of Con O based on the 24h- and 48h-LC50 values. Moreover, the life-history traits of the D. 
magna such as survivorship, maturation or reproduction, were detrimentally impacted including mass mortality, 
delayed maturation and reproductive inhibition, when the animals exposed to the leachates from both batteries at 
the concentrations ranged from 1 to 50 mg/l over the period of 2 weeks. Overall, this study could provide useful 
information on the ecological and environmental risk caused by untreated batteries to the environment, or even 
contribute to changing a sense of civic responsibility on economically using, recycling, waste management and 
treatment related to cells. 
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1. Introduction  
Due to the development in the energy industry, 

the vast battery consumption (e.g., in portable 
electrical or electronic devices) along with short 
life span has resulted in the generation of a large 
number of spent batteries (Meshram, Abhilash, 
Pandey, Mankhand, & Deveci, 2016). For instance, 
according to the report on hazardous household 
waste generation in Japan (Yasuda & Tanaka, 
2006), used batteries constituted about 52-71% of 
the household hazardous waste. Besides, their 
recovery is also tricky and not economically 
feasible as they are used in alloys with other metals 
such as iron or in low concentration (Peiro, 
Mendez, & Ayres, 2013). In developing countries, 
such as Vietnam, the used batteries are not well 
managed and treated. The e-waste batteries (e.g. in 
houses, offices, entertainment services, etc.) are put 
into the trash then end in a landfill. This would be a 
sink and source of pollutants leached out of the e-

waste batteries to the environment. Seriously, 
almost batteries contain several materials (e.g., 
trace metal, plastics, see Table 1) that can be 
extremely harmful to human health and ecosystems 
if they are not treated suitably. Hence, the untreated 
or not adequately treated wastewater from the 
landfill would contain leachates from batteries and 
enter natural water of lakes, ponds, reservoirs, 
rivers. Theoretically, in water bodies, the pollutant-
containing leachates at certain concentrations 
would impact living things in ecosystems such as 
zooplankton among others (e.g. phytoplankton, 
fish, mollusks, amphibians, mammals, aquatic 
macrophytes). 

In the aquatic ecosystem, micro-crustaceans 
(e.g., Daphnia magna) play an essential role in the 
matter and energy fluxes (Sterner, 2009). Hence 
they are among the most vulnerable organisms to 
toxic chemicals in water bodies. Recently, there 
have been numerous investigations on the single 
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effects on animals of significant components in 
batteries including trace metals (e.g., Pb, Zn) and 
plasticizers (e.g., Tris (2-butoxyethyl) phosphate, 
polyethylene terephthalate) (Araujo, Pavlaki, 
Soares, Abessa, & Loureiro, 2019; Giraudo et al., 
2017; Luciana, Ulises, Susana, Horacio, & Maria, 
2014; Wagner & Oehlmann, 2009). However, there 
is gap information on the detrimental impacts of 
untreated batteries on aquatic animals, especially 
zooplankton. Hence this study aims to evaluate the 
effects of spent batteries on the life-history traits of 
Daphnia magna. 

 
Table 1. Zinc carbon battery composition (Fisher, 
Wallén, Laenen, & Collins, 2006). 
 

Components Percentage (%) 

Iron & Steel 16.8 

Manganese 15.0 

Lead 0.1 

Zinc 19.4 

Other metals 0.8 

Alkali 6.0 

Carbon 9.2 

Paper 0.7 

Plastics 4.0 

Water 12.3 

Other nonmetals 15.2 

 

2. Materials and Methods 
2.1 Materials 

In this experiment, two leachates from the used 
batteries (named Con O and Maxell batteries) were 
prepared. In Vietnam, these two batteries are 
common products and widely used in houses, 
offices as energy supplies for clockwatch, children 
toys, electric remote device controllers, cassette 
recorder, and services and entertainments. 
However, these batteries are not rechargeable and 
got unique collected, recycled and treated in 
Vietnam. Consequently, the used batteries have 
been mainly emitted into the environment as solid 
waste and ended up in landfills. 

The preparing process for the battery leachates 
was similar to the natural digestion of those in the 

aquatic environment. Briefly, before the test, five 
cells of each type (either Con O or Maxell 
batteries) were weighed and separately placed in 
the 1-litre plastic bottle containing 250 ml of 
distilled water. The average weight of one Con O 
and one Maxell batteries was 14.21 g and 17.35 g, 
respectively. Afterwards, these bottles were placed 
outdoor under the sunlight over a period of 14 days. 
Therefore, the mother solutions of leachates from 
Con O and Maxell were around 280,000 mg/l and 
340,000 mg/l, respectively. Finally, the leachates 
from the two kinds of electrochemical cells or 
mother solutions were utilized to test the toxicity to 
the micro-crustacean (D. magna). 

Daphnia magna was obtained from Micro 
Biotest Company (Belgium) and has been 
maintained in the ISO medium for many 
generations under the laboratory conditions at the 
temperature of 25±1oC, the light intensity of 1,000 
Lux, and photoperiod of 14 h light: 10 h dark 
(American Public Health Association [APHA], 
2012). Besides, D. magna was fed with a mixture 
of green alga (Chlorella sp.) and YTC (yeast, 
cerrophyl and trout chow digestion) (U.S. 
Environmental Protection Agency [U.S. EPA], 
2002).  
 

2.2 Experimental setup 
2.2.1 Acute toxicity of electrochemical cell  
leachates to Daphnia magna 

Acute experiments were conducted following 
the guideline of APHA (2012) and the U.S. EPA 
(2002) with minor modifications. Firstly, fifty 
healthy adult female D. magna were randomly 
chosen and cultured in the 1-litre glass beaker 
containing 800 ml ISO medium. After one night, 
neonates (less than 24 h old) were randomly 
collected to prepare for acute experiments. The D. 
magna neonates were fed ad libitum with food 
(Chlorella sp. and YTC) two hours before the test. 
The experiment was implemented at 8 different 
concentrations including 0 (control), 50, 75, 100, 
150, 200, 250 and 300 mg/l of each electrochemical 
cell leachates.  

The pH values in each treatment including the 
control at the beginning and end of the test were 
measured, ranged from 6.3-7.3, that was similar 
with the requirement of APHA (2012) for the acute 
toxicity test. For each concentration, ten neonates 
were incubated in a 50 ml glass beaker containing 
40 ml of ISO medium. There were four replicates 
(n = 4) in each treatment, and the test organisms 
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were not fed during 48 h of the acute experiment. 
The survival of the test organisms was recorded 
after 24 h and 48 h of incubation. Dead organisms 
(defined as the heartbeat stop observed under a 
microscope) were counted and discarded. The 
survivorship of test organisms was recorded to 
determine the concentration of these leachates that 
killed 50% of the total test animals for 24 h and 48 
h (24h- and 48h-LC50 values, respectively). 

 
2.2.2 Chronic toxicity of electrochemical 
cell to Daphnia magna 

Chronic experiments to evaluate the toxicity of 
leachates from batteries Con O and Maxell were 
conducted according to APHA (2012) and Adema 
(1978). The offspring (less than 24 h old) were also 
randomly collected and exposed to the leachate 
from Con O or Maxell battery at four distinct 
concentrations of 0 (control), 1, 5, and 50 mg/l. For 
each test concentration, we prepared at once 4 litres 
of a medium, ISO only (for the control) and ISO 
containing leachates (at 1, 5 and 50 mg/l of each 
battery, for exposures). The volume of 4 litres of 
the medium would be enough for one leachate-
concentration test for 14 days of incubation, and to 
make sure that the leachate concentrations in each 
test would be constant.  

The pH in each test solution remained between 
6.2 and 7.3, which also fulfilled conditions for the 
validity of the chronic toxicity assessment (APHA, 
2012). For each concentration, two neonates were 
incubated together in the 50 ml glass beaker 
containing 40 ml ISO medium under laboratory 
conditions as mentioned above, and there were ten 
replicates (n = 10) in each treatment. While the 
food (a mixture of Chlorella sp. and YTC) was 
added daily, the medium was totally renewed three 
times per week during 14 experimental days. The 
life-history traits of D. magna, including 
survivorship, maturation and reproductive 
performance, were carefully monitored and 
recorded daily.  

 
2.3 Data treatment 

By the end of the acute test, the Probit analysis 
program was applied to calculate the 24h- and 48h-
LC50. Besides, Kruskal-Wallis test (Sigma Plot 12.0 
version) was applied for calculating the statistically 
significant difference of the maturation of D. 
magna between the control and exposures. 

 
3. Results and Discussion 
3.1 Acute toxicity of electrochemical cell 

leachates to Daphnia magna 
By the end of the acute tests, 95% of total 

daphnids in control were still alive well, which was 
within the requirement of APHA (2012). 
Nonetheless, the survival proportion of organisms 
was decreased when exposing to the leachates of 
both batteries at the concentrations ranged from 50 
to 300 mg/l. Particularly, regarding the exposure to 
the leachate of Con O on D. magna, 24h-LC50 and 
48h-LC50 values were 150 (± 20) mg/l and 100 (± 
15) mg/l, respectively. Compared to Con O battery, 
these parameters tested the leachate of Maxell 
battery were lower, 100 (± 17) mg/l  and 70 (± 30) 
mg/l, respectively (Table 2). That means the 
toxicity of the leachate from Maxell battery could 
be more severe than that from Con O to D. magna. 

 
Table 2. The 24h- and 48h- lethal concentration of 
Daphnia magna exposed to electrochemical cell 
leachates of Con O and Maxell. 
 

Leachates from 24h-LC50  (mg/l) 48h-LC50 (mg/l)

Con O battery 150 ± 20 100 ± 15 

Maxell battery 100 ± 17 70 ± 30 

 
Additionally, acute toxicity values on D. 

magna tested with electrochemical cell leachates in 
the current study seemed to be lower than those of 
single metals used in the production of batteries 
(see Table 3). That could be explained by (i) using 
metallic compound at low concentration in the 
battery production (Peiro et al., 2013), (ii) the 
leaching efficiencies of metals used in 
manufacturing battery (Aaltonen, Peng, Wilson, & 
Lundstrom, 2017), and (iii) antagonistic 
interactions between metals due to a competition 
effect of one metal on the biotic ligand of another 
metal (Jho, An, & Nam, 2011; Versieren, Smets, 
De Schamphelaere, Blust, & Smolders, 2014). 
Moreover, in this study, we did not know exactly 
toxicants and their concentration in the two battery 
leachates. Hence, in order to gain insights into the 
toxicity of the leachates from the electrochemical 
cell, further chemical analyses (on chemical 
composition) are suggested. 
 
Table 3. The 48h-LC50 values of Daphnia magna 
exposed to metals from previous studies. 
 

Metals 48h-LC50 (mg/l) References 

Zn 819 - 928  

Shaw, Dempsey, Chen, 
Hamilton, and Folt (2006); 
Traudt, Ranville, Smith, and 

Meyer (2016) 

Pb 150 - 450 
Biesinger and Christensen 

(1972); LeBlanc (1982) 
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Mn 9,300 - 10,270 

 

Biesinger and Christensen 

(1972); Rathore (2001); 

Okamoto, Yamamuro, and 

Tatarazako (2015) 

Fe 2,920 - 2,300 

Rathore (2001); Okamoto, 

Yamamuro, and Tatarazako 

(2015) 

 
 
3.2 Chronic toxicity of electrochemical cell 

leachates to Daphnia magna 
3.2.1 Survivorship of Daphnia magna 

After two weeks, 85% of total daphnids in the 
control still actively lived, whereas none of the 
organisms cultured in the medium containing both 
leachates at the two high concentrations (5 and 50 
mg/l) could be alive. Regarding the lowest 
concentration (1 mg/l), exposure to the leachates 
from Con O and Maxell electrochemical cells 
caused the decrease in the survival proportion of 
animals, by 20% and 40 %, respectively (Figure 1). 
It is hypothesized that the metals in the 
electrochemical cells negatively affected the 
adsorption capacity and the metabolisms leading to 
the death of test animals. Similarly, Muyssen, De 
Schamphelaere, and Janssen (2006) also formulated 
the hypothesis that chronic exposure to Zn 
inhibited Ca uptake, resulting in D. magna dead as 
a result of hypocalcemia. Beside Zn, leachates from 
batteries could contain other trace metals such as 
Fe, Mn, Pb contributing to the change the 
concentration of chemicals in organisms suddenly. 
Almost metals have a high affinity for protein 
binding sites resulting in their increased toxicity 
when they occur at relatively high concentrations in 
the environment (Barata, Baird, Nogueira, Soares, 
& Riva, 2006). There has been numerous evidence 
for the synergistic effects upon simultaneous 
exposure to multiple trace metals on an organism, 
especially Fe, Mn, Pb and Zn, which are commonly 
main compositions in batteries (Chu & Chow, 
2002; Frías-Espericueta et al., 2008; Kim et al., 
2009). 

 
3.2.2 Maturation of Daphnia magna 

As the batteries contain dozens of harmful 
chemicals, especially the metal components (see 

Table 1), not only the survivorship but also the 
maturation of the organisms could be influenced 
upon exposure to the electrochemical cell 
leachates. In the control, the test organisms took 
around five days to reach maturity. However, there 
was a statistically significant difference on the 
maturity age between the control and the exposures 
at the concentrations from 1 to 5 mg/l in which the 
exposed animals delayed their maturation, later 
than 5.5 days. Seriously, the organisms in the 
exposures at the highest concentrations (50 mg/l) 
could not mature, although they still lived to the 
ninth-day of the experiment (Figure 2). That was in 
line with the result of  Ramirez (2014) in which the 
number of days needed for releasing the first brood 
increased by one day for metal (Zn, and mixture of  
Zn and Cd) acclimated animals compared to those 
in the control. Additionally, trace metals (e.g., Cu, 
Cr) were demonstrated to cause a delay in the 
maturation of D. magna (Ghazy & Habashy, 2003; 
Luciana et al., 2014; Nguyen, Vo, Dao, Quang, & 
Dao, 2016; Tran, Do-Hong, & Dao, 2014). 

 

Figure 1. The survival rate of Daphnia magna 
exposed to electrochemical cell leachates of Con O 
(a), and Maxell batteries (b). 1-O, 5-O, and 50-O, 
medium containing leachate of 1, 5 and 50 mg/l, 
respectively, from Con O battery. 1-M, 5-M, and 
50-M, medium containing leachate of 1, 5 and 50 
mg/l, respectively, from Maxell battery. 
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Figure 2. Maturation of Daphnia magna exposed 
to electrochemical cell leachates. The asterisk 
indicated the significant difference between control 
and exposures (p < 0.01, Kruskal-Wallis test). 
Abbreviations as in Figure 1. 
 
3.2.3 Reproduction of Daphnia magna 

According to Kooijman (2000), exposure to 
trace metals adversely affected the conversion of 
energy reserves and resources into the number of 
offspring, which was in agreement with the result 
in the current study. Additionally, delay in the 
maturation, as mentioned above, might be one of 
the main reasons for the reduction in the 
reproductive performance of D. magna. In 
particular, the total offsprings of D. magna in the 
control was 405 offsprings, whereas compared to 
the control, those in the exposures to both types of 
batteries at the lowest concentration (1 mg/l) 
decreased by more than 40%. Moreover, the 
reproductive performance of animals in the 
exposures to the leachates of Con O and Maxell at 
a concentration of 5 mg/l also reduced sharply by 
68% and 74%, respectively. Regarding the 
organisms exposed to both leachates at the highest 
concentration (50 mg/l), they did not have any 
descendants (Table 4). 

 
Table 4. Reproduction of Daphnia magna exposed 
to electrochemical cell leachates of Con O and 
Maxell. 
 

 Control 
Con O cell 

(mg/l) 

Maxell cell 

(mg/l) 

  1 5 50 1 5 50 

Total 

neonates 
405 209 129 0 235 105 0 

Proportion to 

control (%) 
100 52 32 0 58 26 0 

 
4. Conclusions 

To our best knowledge, there have been few 
investigations on the impacts of the leachates from 
used batteries on the organisms. In terms of acute 
exposure, the leachate from the Maxell battery 
seems to have higher toxicity to D. magna than the 
other (Con O). The 24h and 48h (LC50) values of 
the D. magna exposed to leachate from Con O cell 
were 150 and 100 mg/l, respectively. And, the 24h- 
and 48h-LC50 values of the Maxell cell to the 
animals were 100 and 70 mg/l, respectively. The 
adversely chronic effects of the leachate from two 
commonly used electrochemical cells (Con O and 
Maxell) on the life-history traits of the micro-
crustacean D. magna were demonstrated obviously. 
High mortality rate, delayed maturation and 
reproductive inhibition of the animals exposed to 
the leachates were recorded in the chronic 
exposures. However, to fully evaluate the 
ecological toxicity of the leachate from cells, 
further studies (e.g. a chemical component of 
batteries in detail, effects of the leachate on the 
other organisms, the fate of untreated batteries in 
the aquatic or soil environment) should be highly 
suggested. Besides, investigations on the effects of 
the leachates on life-history traits of 
multigenerations of D. magna are suggested.  
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