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Abstract:

Anthropogenic activities such as industrial production,
mining, agriculture and transportation are among

the main causes for the increase of trace metal
concentrations in the environment, especially in water
bodies. In this study, we evaluated the chronic impacts
of lead (Pb) and arsenic (As) on Daphnia magna, a
crucial organism to aquatic ecosystems, at several
concentrations (0, 5, 25, 50, 150 and 250 pgl! of Pb and
0, 5, 25, 50 pgl! of As) for 21 days. The organism’s life
history traits, including survivorship, maturation, and
reproduction, were recorded daily. In addition, the
survival rate of the offspring exposed to 50 pgl' Pb was
also recorded when the animals were raised in (i) a Pb-
containing medium and Pb-free medium for 8 days. The
results showed that As, at all the test concentrations,
did not only negatively affect the survival and

cause a delay the maturation, but also reduced the
reproductive performance of the animal, especially at
the highest concentration. Compared to the control, the
survivorship and reproduction of the D. magna exposed
to Pb at the highest concentrations (150 and 250 pgl')
declined dramatically, and it took a longer time to reach
maturity. On the other hand, almost all of the recorded
life history traits of the organisms exposed to 5, 25 and
50 pgl! of Pb were relatively similar to those from the
control. However, Pb at the concentration of 50 pgl’
had detrimental effect on survival of Daphnia’s F1
generation after the 8-day experiment. An abnormality
of the metal-exposed D. magna was also observed.

An impairment of the daphnids was observed upon
exposures to As and Pb at concentrations within the
Vietnam guideline values for surface water safety.
Hence, further investigations are suggested to adjust
the guidelines related to As and Pd for the protection on
environmental quality and ecological health.
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Introduction

Over the past decades, trace metals have been one of the
most serious chemical contaminants causing environmental
pollution and potential toxicity to human health and
organisms [1, 2]. Some trace metals (e.g. Cu, Cr, Mg, Mn,
Zn, Ni, Fe and Co with the concentration less than 10 pgl')
are essential elements for the physiological and biochemical
functions of organisms [3], yet when exceeding a certain
concentration, they could cause negative effects [4]. Besides,
some other trace meals such as Pb, As, Cd, Hg are not only
non-essential elements for biological functions of organisms,
but also potent toxins to living things [5-7]. They can
adversely affect cellular organelles and components, such
as cell membranes, mitochondria, lysosomes, endoplasmic
reticula, nuclei, some metabolic enzymes, detoxification
processes, and damage repair mechanisms [8, 9], hence trace
metals interfere with critical life processes of organism.
Recently, there has been an abundance of evidence of
aquatic pollution caused by trace metals worldwide [10-12].
In Vietnam, due to rapid economic development, the
surface water quality is under constant threat of trace metal
contamination, especially with Pb and As [13, 14]. Trace
metals are naturally and commonly occurring elements
in the Earth’s crust, however in surface water, the main
sources of trace metal, particularly As and Pb, are emission
from anthropogenic activities e.g. metal plating, fishing
operations, battery manufacturing, fertilizers and pesticides
in agriculture, and smelting of ores [4, 15].

Both Pb and As are classified as top human carcinogens
[5]. Additionally, Pb and As are non-essential elements
for organisms and considered a major cause of aquatic
environmental pollution due to the mechanism of chronic
bioaccumulation and toxicity at low concentrations [16].
The presence of Pb in the environment was shown to cause
behavioural abnormalities, hearing deficits, neuromuscular
weakness, and shown to impair cognitive functions in
human being as well as wildlife [17]. Regarding As,
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exposure to this chemical might affect several different
organ systems including skin, respiratory, cardiovascular,
immune, genitourinary, reproductive, gastrointestinal, and
nervous system [18, 19].

Microcrustaceans (e.g. D. magna) play an important role
in aquatic ecosystems as they are vital intermediate trophic
level organisms responsible for the passage of matter and
energy between primary producers and top predators [20].
Hence, in order to assess the ecological risk of Pb and As, a
large number of studies have been completed on the chronic
and semi-chronic effects of Pb and As on the life history
traits of zooplankton. Many studies [21-24] indicated that
there were various detrimental impacts on the health of
test organisms when they were exposed to trace metals.
In surface water, As and Pb could reach concentrations of
0.64 mgl! (see in the study of Frisbie, et al. (2002) [25])
and 6.3 mgl' (see in the study of Vukovi¢, et al. (2011)
[26]), respectively. For environmental and ecological
safety in Vietnam, the As and Pb concentrations should
not exceed 50 pgl'[27]. However, the question of whether
there is any the impact of these trace metals on D. magna
at low concentrations during a long-term exposure and
across generations has not been addressed. Therefore, this
study aims to evaluate the chronic effects of Pb and As at
concentrations ranging from 5-250 ugl'! on the life history
traits and the next generation of D. magna.

Materials and methods
Materials

D. magna was obtained from MicroBio Test (Belgium)
and has been cultured in a medium called ISO [28] for
many generations under laboratory conditions (temperature
of 25+1°C and a photoperiod of 14 h light: 10 h dark at
a light intensity of around 1000 Lux) [29]. Both the stock
chemicals Pb(NO,), and As(NO,), at a concentration of
1000 mgl! were purchased from Merck (Germany) and
stored at the temperature of -4°C prior to the experiment.

Experimental set up

The chronic experiments were performed according to
the guideline of APHA (2012), US. EPA (2002) and Dao, et
al. (2017) [29-31] with minor adjustments. Briefly, prior to
the experiment, 50 healthy female Daphnia were collected
and incubated in the 1 I glass beaker containing 800 ml of
ISO medium and fed with a mixture of green alga (Chlorella
sp.) and YTC (yeast, cerrophyl and trout chow digestion).
Afterwards, offspring less than 24 hours old were randomly
selected for the chronic experiments.

In the first test, 2 neonates were incubated together in
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one 50 ml polypropylene cup containing 40 ml ISO medium
and exposed to either Pb at a concentration of 5, 25, 50, 150,
and 250 pgl! or As at a concentration of 5, 25, and 50 pgl.
Moreover, a control was prepared by culturing the offspring
in the same way as mentioned above in a metal-free
medium. There were 15 replicates (n=15) in each treatment
and the test organisms were cultured under the conditions
as mentioned above. The food (a mixture of Chlorella sp.
and YTC) and medium were completely renewed three
times per week. During the experimental period of 21 days,
the life history traits of D. magna, such as survivorship,
maturation, and reproductive performance, were monitored
daily and carefully recorded.

The offspring of D. magna (<24 hours in age) in the
control and 50 pgl!' of Pb exposure were collected and
used for the second test. Briefly, the offspring from the
control were continued to culture in the control medium.
Meanwhile, the neonates from 50 pgl! of Pb exposure were
separated into 2 groups: i) those continuing to culture in
the control medium and ii) those continuing to be exposed
to 50 pgl! of Pb. In each treatment with the offspring, 30
offspring were used and incubated in 15 polypropylene cups
(n=15), hence two offspring were placed in one cup. This
experiment was run under the same laboratory conditions
as mentioned above. The test terminated after 8 days of
incubation and the survival of organisms was recorded.

Data analyses

Sigma Plot version 12.0 was used for the data processing.
The Kruskal-Wallis test was applied for calculating the
statistically significant difference of the maturation of D.
magna between the control and trace metal exposures.

Results and discussion
Effects of Pb and As on the survivorship of D. Magna

As showed in Fig. 1, at the end of the experiment,
all D. magna were still thriving in the control sample.
Similarly, the survival rate of the organisms exposed to the
lowest concentrations (5, 25 and 50 pgl') of Pb was 100%
during the 21 experimental days. However, after only 3 days
of experiment, exposure to Pb at the concentrations of 150
and 250 pgl! caused a dramatic reduction of 20 and 77% of
the total daphnids, respectively. By the end of the test, all
D. magna exposed to the two highest concentrations of Pb
had died (Fig. 1A). During the 8 first days, the survival of
the organisms exposed to As at concentrations ranging from
5-50 pgl! remained steady at 100%, the same as those in
the control sample, but this significantly decreased during
the remainder of the As exposure. Finally, only 30, 63, and
17% of the total number of D. magna exposed to 5, 25, and
50 ug As I, respectively, remained alive (Fig. 1B).
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Fig. 1. Survivorship of D. magna from control and exposures
during 3 experimental weeks (n=30 at the beginning). Samples
denoted Pb 5, Pb 25, Pb 50, Pb 150, Pb 250 are animals exposed
to 5, 25, 50, 150, 250 pgl' Pb, respectively, and As 5, As 25, As
50 denote animals exposed to 5, 25, 50 pgl' As, respectively.

Aquatic animals upon exposure to high metal
concentrations would suffer from several impacts such as
organ dysfunction, physiological imbalance, and enzyme
inhibition/stimulation [32-35]. Pb is a neurotoxic chemical
that can affect an organism’s gills (respiratory system), cause
renal dysfunction, enzymatic inhibition, and anemia [36,
37], resulting in increased energy cost for normal activity
and maintenance of the animals. Besides, the metal may
reduce food filtering, consequently lowering energy intake
[38]. To summarize, in the presence of metals (e.g. Pb),
D. magna would suffer an energy cost and consequently a
decline in the survivorship. Additionally, our results were
in line with the previous study of Regaldo, et al. (2013),
although the survival of D. magna exposed to 30 pgl' Pb
reached 100%, those exposed to this chemical at 90 and 270
pgl! declined to 10% after 15 days [21].

In the As exposure experiments, the animals exposed
to As at a moderate concentration of 25 ugl! had a higher
survival rate than those exposed to 5 pgl! and 50 pgl!
concentrations. This phenomenon might be explained by
hormesis, a term used to refer to a biphasic dose response
characterized by a low-dose stimulation and a high-dose
inhibition [39]. Further investigations on the physiological
and biochemical responses of D. magna upon exposure to
As are suggested to clarify this response.
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Effects of Pb and As on the maturation of D. Magna

A metal may affect an organism in more than one way
[40], hence, the time it takes for animals to reach maturity
can be affected by exposure to Pb and As. In the control and
Pb treatments (5-50 pgl'), the maturity age of D. magna
was around 4 days. However, exposure to Pb at the two
highest concentrations, 150 and 250 pgl! Pb, the maturation
of Daphnia was prolonged to 12 and 8 days, respectively
(Fig. 2A).

There was no statistically significant difference in the
age to maturation between the control and those exposed to
25 pgl' As. The animals incubated in As at a concentration
of 5 and 50 pgl! delayed their maturation compared to
the control, and they did not mature until the ages of
approximately 5 and 6 days, respectively (Fig. 2B). Overall,
exposure to trace metals caused a postponement of the
maturation of the animals, especially the microcrustaceans,
that were observed in several previous investigations [31,
41, 42]. Trace metals at high concentration could negatively
impair the respiratory function of daphnids [33] and
inhibit their sodium uptake leading to an increased energy
cost for maintenance [32], which may help to explain the
postponement on the maturation.
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Fig. 2. Maturity age of D. magna (mean value *SD) chronically
exposed to Pb and As. Abbreviations given in Fig. 1. The asterisk
indicates a statistically significant difference between the control
and exposures by the Kruskal Wallis test (*: p<0.001).
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Effects of Pb and As on the reproduction of D. Magna

During the three weeks of incubation, the total number of
offspring in the control was 3301, which was comparable to
the total neonates in the exposures to Pb at low concentrations
of 5,25 and 50 pgl™'. In contrast, the accumulative offspring
in the 150 and 250 pgl' Pb exposures were only 42 and
5, respectively, which is much far lower than those in the
control (Table 1). Regarding all the As exposures, a decline
in the reproductive performance of D. magna was recorded.
The As treatments (5, 25 and 50 ugl™!) resulted in a reduction
to 14, 35, and 7%, respectively, as compared to the total
offspring in control (Table 1). That could be explained by
the detrimental impacts on the organism mentioned above,
such as the increase in mortality and postponement of the
maturation. Moreover, the clutch size (the number of eggs
per clutch) of the animals exposed to Pb at the highest
concentration was smaller than those in the control (Fig. 3).

Table 1. Accumulative offspring of D. magna during the 21
experimental days. Abbreviations are the same as in Fig. 1.

Control PbS Pb25 PbS0 Pb150 Pb250 AsS As25 AsSO

Total neonates 330

3503 3404 3358 42 5 455 1159 246

This observation in consistent with a previous study of
Enserink, et al. (1995) [22] in which the reproduction of D.
magna was negatively influenced by Pb. In detail, exposure
to Pb at a concentration of 920 pgl' resulted in the loss of
large number of eggs of the female D. magna and a decrease
in embryo size. More seriously, several abnormal responses
of the organism exposed to 50 pgl' of As were recorded,
such as broken and adhesive eggs and neonatal mortality in
the chamber (Fig. 4). These phenomena could significantly
contribute to the decrease of the number of offspring laid by
the female exposed to Pb or As.

Fig. 3. The difference in the clutch size of female D. magna
between the control (A) and exposure to 250 ug Pb I (B).
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Fig. 4. Several abnormalities in D. magna exposed to 50 pgl' As;
broken egg (A); adhesive eggs (B); death of neonate in the brood
chamber of its mother (C).

Effects of Pb on the survival of the next generation of
D. magna

When organisms from the mothers of the control samples
were allowed to continue to rear in a metal-free medium
(C/C), the survival rate was 83% (Fig. 5), which was within
the requirement of the toxicity test according to APHA
(2012) [29]. More seriously, the survival of the offspring of
the Pb-exposed mothers incubated in both non-metal (E/C)
and metal-containing medium (E/E) dramatically declined
to 3 and 17%, respectively (Fig. 5). The survival rate of E/C
and E/E was not significantly different but within a similar
range to a chronic test according the APHA (2012). Recently,
Araujo, et al. (2019) [24] showed that negative and adverse
effects (e.g. malformations, Pb aggregation in neonates’
dorsal region, reddish extremities, production of males,
ephippia, aborted eggs, changes in egg colour) occurred
through nine generations in both the temperate D. magna
and tropical D. similis after long-term exposure to 50 ugl!
of Pb. To our knowledge, this was the first investigation on
the trans-generation effects of Pb on D. magna survival.
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Fig. 5. Survivorship of the descendants of D. magna from the
control and exposure to 50 pgl' of Pb during 8 experimental
days (n=30 at the beginning). C/C: organisms laid in control
and allowed to continue to incubate in the control medium;
E/C: organisms laid in control and exposed to 50 pgl"' of Pb;
E/E: organisms laid in 50 pgl" of Pb and allowed to continue to
culture in the same medium.
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Conclusions

The results of this study proved that As and Pb at
concentrations within the Vietnam guideline values for
surface water safety (QCVN 08-MT:2015/BTNMT;
column B1 for both Pb and As are 50 pgl') caused several
detrimental impacts on the life history traits of daphnids (e.g.
survivorship, maturation, reproductive performance, and
transgenerational survivorship). Therefore, more attention
should be paid to the presence, distribution, and fate of
trace metals in aquatic environment. Additionally, further
investigations e.g. effects of a combination of more than two
metals, bio-accumulation or mechanism of negative effects,
are suggested in order to gain a greater understanding of
the toxicity of these contaminants on aquatic organisms and
ecosystems.
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