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Abstract: Arthropogenic pollutants are among the most serious problems to aquatic environment.
They not only cause the water quality degradation but also induce severe impacts on aquatic
organisms. In this study, we investigated the negative effects of surface water contaminated with
pollutants from human activities collected from Xuan Huong lake, Da Lat city, on life history traits
of Daphnia magna, over a period of 14 days. The animal was incubated in medium containing the
contaminated surface water at eight different concentrations from 0.05% to 25% (v/v) in the
laboratory conditions. The results showed that the contaminated surface water seriously and
negatively influenced on the survival of Daphnia, causing the decease of 27-100% of the exposed
organism population, and the higher surface water concentration the animal exposed, the higher
mortality it was. The contaminated water also delayed the maturity age of the tested organisms,
around 3-8 days compared to the control. The maturity postponement was concentration
dependent. Besides, the fecundity of the Daphnia exposed to the contaminated water was inhibited
or strongly reduced. Heavy metals and pesticides in the surface water should be the main factors
inducing the potent toxic impacts on the test organisms. Therefore, pollutants in the effluents from
human activities at Da Lat city should be effectively treated before discharged in order to protect
the aquatic environment, biological resources and ecosystem.
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consequently surface water

contaminants

Nowadays, arthropogenic pollutants in
developing countries are among the most
serious problems to aquatic environment. The
effluents from different human activities would

contain  different pollutants or toxins
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including a variety of metals and xenobiotics
[1, 2]. The pollutants not only cause the water
quality degradation but
severe effects on aquatic organisms including
zooplankton as well. Micro-crustaceans (e.g.
Daphnia), one of the most diverse and
important group of zooplankton, have the
intermediate position in the freshwater food
web, and play the important connector between

induce negatively
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primary production and other consumers [3].
The alterations of Daphnia in water bodies are
regulated by the aquatic multi-factors.

Previously, negative effects of single
purified xenobiotics (e.g. atrazine, estriol,
octylphenol) or heavy metals (e.g. Cu, Cr) on
micro-crustaceans were widely investigated [4-
6] in which the toxins caused strong reduction
of survivorship, altered the maturation and
inhibited fecundity of the animals. Besides,
responses of D. magna to treated and untreated
domestic wastewater were reported including
mortality increase, reproduction decrease and
malformation of the off spring [7]. However,
the development and reproduction of micro-
crustaceans under long-term exposure to a
natural mixture of wastewaters have not yet
reported. Therefore, in this study, we evaluated
the chronic effects of surface water
contaminated with domestic = wastewater,
agricultural effluents and cyanobacteria from
Xuan Huong lake, Da Lat city, on the life
history traits of D. magna for 2 weeks under the
laboratory conditions.

2. Materials and methods

2.1. Sample collection

Xuan Huong lake .;,

sampling site

dam

Surface water (from top to 50 cm depth)
was collected near Thuy Ta restaurant by Xuan
Huong lake (Fig. 1), Da Lat city. The sampling
site is nearly the end (or the dam) and water out
let of the lake where the surface water was quite
homogenized and well mixed (field
observation). The surface water was brought to
the laboratory in the same day and then kept at
—70°C until chemical analyses and biological
bioassay. At the sampling time, cyanobacterial
scum was occurring and the effluent from
domestic waste and agricultural activities was
rushed into the lake (personal observation).

2.2. Analyses on toxic chemicals in wastewater
Jfrom Xuanhuong Lake

Prior to the chemical analyses, the surface
water from Xuanhuong lake was thawed then
sub-samples were taken and prepared for
cyanobacterial toxin, microcystin, heavy metal
and  herbicide/pesticide analyses. For
microcystin analysis, sub-sample of field water
was centrifuged at 14,000 rpm, 4°C for 15 min.
Supernatant was collected for microcystin
analysis by high performance liquid

chromatography (HPLC, Shimadzu, Japan).
Microcystins were detected by the UV detection
at 238 nm [8].

Fig.1. Xuan Huong lake (left) with sampling site (the longer arrow and right).
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Pesticides/ herbicides from the surface
water were analyzed by adding 100 mL water
sample into 250 mL glass then extracted by the
solvent (n-hexane and dichromethane). The
extracted sample was de-hydrated with Na,SO,
and dried by nitrogen. Sample was then diluted
in n-hexane and analyzed with a gas
chromatography-EDC 7890ALIGENT, (column
DB-5.625 length 30 m, diameter 0.25mm, film
0.25um). Water sample for heavy metal analysis
was firstly passed a 0.45 pum filter (Sartorius,
Germany) and acidified with saturated HNO;
[9]. The heavy metals were characterized under
an inductively coupled plasma/ mass
spectrometry (ICP/MS-9000 Shimadzu, Japan).

2.3. Experimental organisms and experimental
set up

The test organism was D. magna, obtained
from Micro BioTest Inc. (Belgium) and has
been maintained in the laboratory of the
Institute of Tropical Biology for many years.
The Daphnia was raised in COMBO medium
[10] and fed with green alga Chlorella sp. three
times a week. The alga was cultivated in
COMBO medium with continuous aeration.
Both culturing of Chlorella and Daphnia
incubation were maintained at 20 + 1°C and a
photoperiod of 14h light: 10h dark at a light
intensity of around 1000 Lux [11].

Prior to the experiments, twenty female D.
magna were incubated in a 1000 mL beaker and
fed with Chlorella sp. for 2-3 weeks. Offspring
from the second to third clutch of these D.
magna were used for experiments. Daphnia
was incubated in mixture of surface water from
Xuan Huong lake and COMBO medium at the
ratios of O (control), 0.05,0.1,0.2,04, 0.8, 1, 5
and 25% (v/v). In each treatment, 15 neonates
less than 24 h old were randomly selected for
each chronic exposure [11] and individually
raised in 50 mL beaker containing 20 mL of
medium (either COMBO or mixtures of surface

water and COMBO as above). The animals
were fed with Chlorella sp. at the concentration
of 2 mg C L™ per day. The medium was totally
renewed 3 times every week. During
incubations, animals were observed daily for
their survival, maturation and reproduction
[11]. The experiments lasted for 2 weeks. The
pH (Metrohm 744) and dissolved oxygen
concentration (WTW Oxi197) in the medium
were measured at the start and every 2 days of
experiment to  confirm  the  suitable
environmental conditions for the animals’ living.

2.4. Statistical analysis

Kruskal-Wallis test (Sigma Plot, version 12)
was applied to determine the significant
difference of Daphnia’s maturation from
control and surface water exposures.

3. Results and discussion

3.1. Micro-pollutants in the surface water from
Xuan Huong lake

The cyanobacterial toxin, microcystins, was
not detected in surface water from Xuan Huong
lake by HPLC analysis. However, 12 heavy
metals including As, Co, Cr, Cu, Fe, Mo, Mn,
Ni, Pb, Sr, V and Zn were characterized in the
surface water from the lake by the ICP/MS
equipment. Their dissolved concentrations
varied from 12 pg L (V) to 8807 (Fe) ug L™
(Table 1). Among the detected metals, As, Cr,
Fe and Ni concentrations were 3 — 11 times
higher than the Vietnam guideline values for
irrigation (QCVN 08-2008/B1) while Cu, Pb
and Zn concentrations were within the QCVN.
The high concentrations of some heavy metals
including those not within the QCVN (e.g. Co,
Mo, Mn and Sr) could induce problems to and
adverse effects on environmental quality and
ecological health of Xuan Huong lake and the
downstream region (e.g. Camly water fall).
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Table 1. Concentrations of dissolved heavy metals (ug L) in the water from Xuan Huong lake (XH-L) and the
Vietnam guideline values 08-2008/B1 (QCVN) for irrigation. N/A: not available

Metals As Co Cr Cu Fe

Mn Ni Pb Sr A% 7Zn

XH-L 145 15 276 21
QCVN 50

8807 33
N/A 40 500 1500 N/A N/A 100

713 1101 18 318 12 71
50 N/A N/A 1500

Table 2. Concentrations of pesticides/ herbicides (ug L™') in the water from Xuan Huong lake and the Vietnam
guideline values 08-2008/B1 (QCVN) for irrigation

Chemicals Malathion 4,4-DDE Endosulfan-sulfate
Xuan Huong lake 17.5 15.5 42
QCVN 0.32 0.004 (DDT) 0.01

Three pesticides were detected in the
surface water from Xuan Huong lake including
Malathion, 4,4-DDE and Endosulfan-sulfate
with the concentrations of 17.5, 15.5 and 4.2 ng
L', respectively (Table 2). The two chemical
concentrations, Malathion and Endosulfan-
sulfate were much higher than the QCVN, 54
and 400 times, respectively. Especially, the 4,4-
DDE concentration (a transformed chemical of
DDT) was 3000 times higher than the DDT
concentration in the QCVN. Therefore, the
surface water in Xuan Huong lake possessed a
serious hazard to local residents and the aquatic
organisms in the water body and its down
stream.

3.2. Effects of surface water on survival of
Daphnia magna

The pH and dissolved oxygen concentration
of the test medium ranged from 6.8 — 7.0 and
6.5 — 7.1 mg L', respectively, which were
favorable for the Daphnia’s growth [12]. After
two weeks of incubation, survival of Daphnia
in the control slightly decreased, nearly 7%
which was within the accepted range of a
chronic test [9].
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Fig.2. Survival of Daphnia magna during exposure
time (n = 15 at the start). 0.05-0.8% indicated the
concentrations of surface water from Xuan Huong

lake diluted by the COMBO medium (v/v).

The survival of the test animals in the
0.05% (surface water) incubation reduced 27%.
However, exposed to higher surface water
concentrations (0.1 — 0.2%) the mortality of the
Daphnia strongly increased up to 60 and 80%
of the total testing animals. Seriously all
Daphnia in the 0.4% and 0.8% died after 1
week of incubation (Fig. 2). Additionally, in the
1, 5 and 25% of surface water treatments, all
the Daphnia died just one day after the start of
the experiment (data not showed).

The mortality of Daphnia in the surface
water exposures should be related to the heavy
metals and pesticides/ herbicides in the
collected sample. Tran et al [6] recorded that
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Cu had severe impact whereas Cr had slightly
impact on survival of D. magna. Similarly, at
the same concentrations, atrazine was much
more toxic than estriol to Daphnia [5]. Our
results showed the extremely toxic of surface
water from Xuan Huong lake to D. magna
which was in agreement with a previous
investigation [13]. Cooper et al [14] evaluated
the acute and long-term toxicity of Cu, Pb and
7Zn mixtures to a  micro-crustacean,
Ceriodaphnia dubia. The mixture of 10 pg Cu
L', 9 ug Pb L' and 101 pg Zn L™ killed 65 -
100 % of the tested organisms. The
combination of heavy metals, in general, could
raise the toxicity (e.g. in case of Cd and As
mixture) [15] or reduce the toxicity (e.g. in case
of Zn and Cd mixture)[16].

In the experiments of our study, surface
water was diluted with COMBO medium
(surface water = 0.05 - 0.8%) hence
concentrations of every metal and pesticide in
the test medium should be very low, such as
0.07-1.16 ug AsL",0.14-2.2ug Cr L', 0.01
~0.17ugCuL",05-88ugNiL", <0.15 ug
PbL', <0.6 ugZnL", <0.15ug Malathion L™,
< 0.13 pg 44-DDE L', and < 0.04 pg
Endosulfan-sulfate L. Pane et al [17] reported
that Ni at the concentration of 21 ug L™ did not
induced adverse effects on survival, growth and
reproduction of D. magna. In addition, the
chronic investigation of Biesinger and
Christensen [18] showed that the concentrations
of metals (e.g. Co, Cr, As, Sn, Al, Zn) which
caused negative effects on D. magna were
between 10 and 350 pg L. Hence it is assumed
that every single heavy metal at the
concentrations after dilution (as above) in our
study would not be able to induce negative
effects on D. magna. Besides, Vo et al [5] and
Dao et al [4] reported that several xenobiotics
(e.g. Atrazine, Estriol, Octylphonol) at the

concentration of 5 pug L™ did not have negative
effect of survival of D. magna. Therefore, in the
current study, there should be combined or
synergistic effects of the micro-pollutants
(heavy metals, pesticides) in the surface water
on the test organism, D. magna.

3.3. Effects of surface water on the maturation
of Daphnia magna

The Daphnia in the control reached their
maturation at the age of around 4.1 days old.
However, the animals exposed to surface water
at the concentrations of 0.05, 0.1 and 0.2%
matured at the ages of around 7.5, 11 and 12.6
days old, respectively (Fig. 3). Daphnia incubated
in the higher surface water concentrations (0.4-25%)
died before they could reach their maturation.

This result was in line with previous
observations of Tran et al [6] and Vo et al [5] in
which Cu (10 pg L") and Atrazine and Estriol
(5 ug L") delayed the maturation of D. magna.
However, Cr (50 ug L) and Octylphenol (5 pg
L") stimulated the maturation of the animals [5,
6]. Besides, the concentrations of each metal in
the exposures (0.2%) in our study were quite
low (0.29 ug As L™, 0.55 ug Cr L, 0.04 ug Cu
L'22ugNiL"', 0.04 ugPbL", 0.14 ugZn L',
17 ug Fe L") compared to those (10-20 ug Cu
L", 50-100ug Cr L") in a previous investigation
[6]. The concentrations of pesticides in the
highest exposure (0.2% containing 0.035 pg
Malathion L', 0.031 pg 44-DDE L,
0.00084ug Endosulfan sulfate L) were much
lower than those in previous studies (5-500ug
L' of Atrazine and Estriol) [5, 6]. Therefore,
the postponement of Daphnia’s maturation in
the surface water treatments should be the
consequence of the combined effects of all
metals and properly pesticides in the surface
water from the lake which need further
investigations with purified chemicals.
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Fig. 3. Maturity age of Daphnia magna during
exposure time. Different letters a, b and ¢ indicated
the statistically significant differences of p < 0.05,

Kruskal-Wallis test. Abbreviations as in figure 2.

3.4. Effects of surface water on the fecundity of
Daphnia magna

The number of offspring reproduced by an
adult D. magna in control and 0.05% surface
water treatment were similar and approximately
6 neonates/ adult. The fecundity of D. magna
reduced in higher surface water treatments 0.1
and 0.2% with 4 and 3 neonates/ adult,
respectively (Fig. 4). These results indicated
that surface water significantly affected
reproduction of D. magna and the adverse
affect of surface water on Daphnia’s fecundity
was concentration dependent. To our
knowledge, this is the first report on the
detrimental impacts of combined effluents from
domestic and agricultural activities on D. magna.
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Exposures (surface water from the lake, v/v)
Fig.4. Fecundity of Daphnia magna during the
experiment. Different letters a and b indicated the
statistically significant differences of p < 0.05,
Kruskal-Wallis test. Abbreviations as in figure 2.

During two weeks of experiment, all adult
Daphnia in the control normally reproduced
and the accumulative number of neonates in the
control was highest, 177 offspring in total (Fig.
5). However, exposed to surface water, from 20
— 100% of adult Daphnia were not able to
reproduce. Besides some of Daphnia in the
surface water exposures suffered from abortion
consequently the total offspring in the 0.05 and
0.1% surface water treatments were only 42 and
1, respectively. Surface water concentration
from 0.2% inhibited the fecundity of the
animals (Fig. 5).

Surface water from Xuan Huong lake
induced decreases, concentration dependence,
on the survivorship of Daphnia’s population
and delayed the animal’s maturity age
consequently fecundity of the exposed Daphnia
was strongly reduced. The negative effects on
reproduction in our study were more serious
than those in the study of Ngo et al [7] in which
D. magna was exposed to domestic wastewater
from Ho Chi Minh city. This should be related
to the heavy metals and pesticides in surface
water from Xuan Huong lake which were not
present in domestic wastewater in Ho Chi Minh
city [7]. Dao et al. [11] reported the abortion of

2007 47

- Oaccumulative neonates
B
5 150 1 B number of reproducible Daphnia
=
g,
S B number of Daphnia having abortion
< 100 -
5
E

] 42
2 50
14 9
0 3 112 o006
o - : : -
control 0.05 % 0.1% 0.2 %

Exposures (surface water from the lake, v/v)

Fig. 5. Accumulative neonates, number of
reproducible Daphnia and Daphnia’ abortion during
the experiments. Abbreviations as in figure 2.
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D. magna exposed to cyanobacterial toxin,
microcystins. In our study, we also observed
this serious situation of the Daphnia although
no microcystins were detected by HPLC
equipment. So heavy metals and/ or pesticides
would be also the root of Daphnia’s abortion.
However, mechanisms of the abortion caused
by the toxins, to the best of our knowledge, are
not known which need further investigations.

5. Conclusions

Surface water from Xuan Huong lake
contained a variety of pollutants, heavy metals
and pesticides, of which some pollutants were
extremely high in concentrations. Although
highly diluted, the surface water from the lake
was still seriously toxic to the micro-crustacean,
D. magna. The surface water caused a sharp
reduction of survivorship of Daphnia, delayed
the animal’s maturation, inhibited fecundity and
reduced the population development of the
Daphnia. Besides, abortion was also observed
in the surface water exposures. This is, to the
best of our knowledge, the first report on the
chronic effects of mixed effluents from
domestic and agricultural activities on D.
magna. Study on the in situ ecological health of
Xuan Huong lake is suggested.
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Doc tinh ctia nudc mat bi nhiém ban bdi cac chat 6 nhi€ém tur
hoat dong nhan sinh doi vdi vi gidp xac, Daphnia magna

Pao Thanh Son', Nguyén Thi Phuong Lién', V& Thi Kiéu Thanh?, T6 Thi Hién’,
Nguyén Ly S§ Pha’, Pao Cong Thanh', Pham Thanh Luu?

"Truong Pai hoc Bdach Khoa thanh phé Ho Chi Minh, 268 Ly Thuong Kiét, Quén 10, TP. Ho Chi Minh
2Vién Sinh hoc Nhiét doi, 9/621 xa 1o Ha Noi, Qudan Thu Pirc, thanh phé Ho6 Chi Minh
3Tru’(‘mg DBai hoc Khoa hoc Tw nhién, 227 Nguyé~n Van Cu, Quan 5, thanh phé' Ho Chi Minh

Tém tit: Chat 6 nhidm tir hoat dong con ngudi 12 mot trong nhiing van dé nghiém trong cho moi
trudng nude. Céc chat 6 nhiém nay khong chi 1am suy giam chét lugng nudc ma con gy ra nhiing tc
dong nghiém trong 1én thily sinh vat. Trong nghién ciru nay, chiing toi nghién ciru anh huéng xau cua
nude mit thu tir hd Xuin Huong, thanh phd Da Lat, bi nhiém béan boi chét 6 nhidm tir hoat ddng nhan
sinh 1én cédc dic diém lich st vong doi cua Daphnia magna trong thoi gian 14 ngay. Sinh vat dugc
nudi trong mdi trudng cé pha nudc mit nhidm ban & 8 ndng do khac nhau tir 0,05-25% (ty 1é theo thé
tich) trong diéu kién phong thi nghiém. Két qua cho thiy nudc mat nhidm ban giy anh hudng xau va
nghiém trong 1én stic séng ciia Daphnia, giam 27-100% quan thé sinh vat phoi nhiém, va ndng do
nudc mat cang cao, ty 1€ sinh vat chét cang nhiéu. Nuge mit nhiém ban cling lam ch@m su thanh thuc
cua sinh vat tir 3-8 ngay so vdi sinh vat trong 16 dbi chung. Sy tri hodn qua trinh thanh thuc ty 1¢ thuan
v6i nong d6 nude mit ding cho thi nghiém. Bén canh d6, stic sinh san ciia Daphnia phoi nhidm véi
nudc mat bi kim ham va suy gidam manh. Kim loai ndng va thudc trir sau trong nudc mat dugc cho la
nguyén nhan chinh ciia tic dong doc tinh trén sinh vat thi nghiém. Do d6, chat gay 6 nhiém trong nudc
mat ¢ thanh phé Pa Lat nén dugc xur ly hiéu qua trude khi thai nhim muc dich bao vé moi trudng
nudc, tai nguyén thdy sinh vat va hé sinh thdi thuy vuc.

Tir khéa: nuéc miat nhiém ban, kim loai nang, thudc trir sdu, Daphnia magna, dic diém lich sir
vong doi.
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