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Single and binary effects of atrazine, copper and chromium

on duckweed

Anh hudéng riéng 16 va két hop cla atrazine véi dong va crom 1én béo tdm

NGUYEN, Vu; NGUYEN, Thi Thuy Trang; VO, Thi My Chi; DAO, Thanh Son*

Hochiminh City University of Technology, 268 Ly Thuong Kiet St., Dist. 10, Hochiminh City, Vietham

Recently, the agricultural, industrial and mining activities have led to increase in contaminant emission. Trace metals or
herbicides are among the pollutants to be concerned in the world. In this study we evaluated the effects of the herbicide
atrazine (at the concentrations of 5, 50 and 500 pg L") and its combination with copper (Cu, 50 pg L") and chromium
(Cr, 50 ug L") on duckweed over the period of 10 days in the laboratory conditions. We found that 50 and 500 pg atrazine
L severely impacted on the growth or even caused the death of the plants, whereas there was no statistically significant
difference in the duckweed growth rate between the 5 g atrazine L™ exposure and control. In the combined treatments
(50 pg atrazine L with Cu; with Cr or with both Cu and Cr), the plant growth rate of atrazine with either Cu or Cr was
strongly reduced. However, the mixture of atrazine with Cu and Cr did not significantly decrease the development and
growth rate of duckweed. Besides, atrazine and investigated heavy metals resulted in turning white of duckweek leaves
that evidence of the chlorophyll degradation. Our results showed the negative influences of the herbicide atrazine and
metals on development and morphology of duckweed.

Gan day, nhirng hoat dong ndng nghiép, cong nghiép va khai khodng dé va dang dén dén su gia ting phdt thdi cdc chdt gay
6 nhiém. Kim logi ngng hodc thudc diét cé o nhirng chdt gdy 6 nhiém dang duoc quan tém trén thé gidi. Trong nghién ciu
nay, chung toi ddnh gid dnh hudng cda thudc diét c6 atrazine (ndng do 5, 50 va 500 ug L) va su két hop cda chdt nay véi
dong (Cu, 50 pg L") va crom (Cr, 50 pg L") Ién béo tdm trong thoi gian 10 ngay trong diéu kién phong thi nghiém. Ching toi
nhdn thdy atrazine tai ndng dé 50 va 500 ug L da gy nén nhirng dnh hudng nghiém trong lén su phdt trién hay tham chi
lam cho béo tdm bj chét, trong khi d6, khéng ghi nhdn duoc bat ki su khdc biét cé y nghia thong ké ve toc do tdng trudng cla
béo tdm gitta 16 thi nghiém phoi nhiém 5 ug atrazine L va 16 doi chirng. Trong nhitng 16 phoi nhiém két hop (50 g atrazine
L' v6i Cu, v&i Cr hodic vdi dong thoi Cu va Cr), t6c do tang trudng cta béo tdm khi phoi nhiém véi atrazine va Cu hodc Cr bj
gidm manh, tuy nhién, viéc phoi nhiém dong thdi atrazine véi Cu va Cr da khdng lom gidm ddng ké su phdt trién va t6c do
tdng trudng cda béo tdm. Bén canh do, atrazine va kim logi ndng da lam cho mau cda 16 béo tdm chuyén sang mau trdng,
diéu nay chirng té cd su suy gidm chlorophyll. Két qud nghién ciru nay da cho thdy nhirng dnh hu'éng tiéu cuc cda thudc diét

cé atrazine va kim logi 1én sy’ phdt trién va hinh thdi cda béo tdm.
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1. Introduction

Due to the high anthropogenic pressure, the presence of
trace metals with high concentration is one of the mostim-
portant environmental issues in the world. At low concen-
trations, the heavy metals copper (Cu) and chromium (Cr)
are among the essential elements for plants’ growth (WHO,
1996). Under certain environmental conditions, these con-
taminants can accumulate up to a concentration which is
toxic and cause damages to plants (Naggar et al.,, 2018).
The exposure to Cu results in phytotoxic impacts, particu-
larly chlorosis, inhibition of root growth and damage to the
permeability of plasma's membrane (Sheldon and Men-
zies, 2005; Ali et al., 2002; Ouzounidou, 1994a; Ou-
zounidou, 1994b). Similarly, effects of elevated Cr concen-
tration on plants (Echinochloa colona, Phaseolus vulgaris,

Combined effects, growth rate, Lemna minor, herbicide, trace metals

Medicago sativa) have been also reported through de-
crease in seed germination and root growth (Rout et al.,
2000; Parr and Taylor, 1982; Paralta et al., 2001). Moreover,
Cr stress causes detrimental effects on the photosynthesis
in terms of CO; fixation, electron transport, photophos-
phorylation and enzyme activities from in vitro experi-
ments with bean, Phaseolus vulgaris (e.g. reviewed by Clijst-
ers and van Assche, 1985).

In order to protect the crops, insecticides and herbicides
are commonly used in agricultural fields (Chen et al., 2015).
Therefore, along with trace metals, pesticides are also
widely present in the environment (Wang et al., 2012). Ac-
cording to previous studies, almost all pesticides pose a
potential risk to both humans (Forget, 1993; Igbedioh,
1991) and non-target wildlife such as amphibians
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(McMahon et al., 2011; Rohr et al., 2003; Rohr and McCoy,
2010), arthropods (Desneux et al., 2007; Stark and Banks,
2003) and fish species (Rohr and McCoy, 2010). Among the
most common pollutants, atrazine (2-chloro-4-ethylamino-
6-isopropylamino-1,3,5-triazine) belongs to the s-triazine
herbicides that has been widely used on many crops
(Wang et al., 2012). This xenobiotic is known to act as an
endocrine disruptor in fish and amphibians (Dalton, 2002;
Hecker et al.,, 2005). Additionally, several studies demon-
strated that the growth rate of duckweeds decreased sig-
nificantly after being exposed to this chemical at the con-
centration of 170 pgL™ (Hughes et al., 1988; Phewnil et al.,
2012).

Although research studies are focused on the toxicity and
the fate of Cu, Cr or atrazine in the environment, only a few
studies aimed at assessing the combined effects of atra-
zine, Cu and Cr. On the other hand, the duckweed toxicity
tests received much attention lately as this plant has many
features that make it suitable for culturing or testing
(Wang, 1990). Hence, in this study, we examined the single
and combined effects of atrazine, Cu and Cr on the devel-
opment of the duckweed Lemna minor L. in order to pro-
vide useful information for designing proper strategies to-
ward the protection of environment and human health.

2. Materials and methods

2.1. Materials

Both trace metals (Cu and Cr) in stock solution of 1,000 mg
L' and atrazine for toxicity tests were purchased from the
manufacturer Merck (Germany). Atrazine was dissolved in
MeOH at the concentration of 1 mg mL™" and this stock so-
lution was kept at -4°C prior to the experiment. The duck-
weed, Lemna minor L. was collected from a small pond in
the District 12 of Hochiminh City and it was cultivated in Z8
medium (Kotai, 1972). During culturing and exposure, the
experimental conditions included: air temperature of 27+2
°C, a photoperiod of 12h light / 12h dark cycle, and a light
intensity of around 2,500 Lux.

2.2. Experimental setup

Toxicity tests of Cu, Cr and atrazine were conducted ac-
cording to the introduction of APHA (2012) and Khellaf and
Zerdaoui (2009) with some minor adjustments. Duck-
weeds were exposed to atrazine at four distinct concentra-
tions: 0 (control), 5, 50 and 500 pgL™. The plants were also
treated with a mixture of atrazine and Cu, atrazine and Cr,
or atrazine and both Cu and Cr (at the concentration of 50
ugL™ for each experimental chemical). The concentrations
of atrazine used in this study were smaller than 691 pgL™
as reported elsewhere (Lockert et al., 2006). The Cu and Cr
concentrations in our study were within the allowable
metal concentrations (200 pg Cu L™" and 100 pg Cr L") in
the National Technical Regulation on Surface Water Quality
of Vietnam (QCVN 08-MT:2015/BTNMT). In each treatment,

three duckweed plants, each with two leaves, were cul-
tured over a period of 10 days in a beaker containing 200
mL of Z8 medium. Five replicates were prepared for each
treatment. During the experimental period, the number of
plants in each treatment was recorded daily.

2.3. Data treatment

The following equation was used to calculate the growth
rate (R) of duckweeds (eq. 1):

— |nX2 - |nX1

R H-4

(eq. 1)

where X; and X; are the duckweed densities at time ty and
to, respectively (Lobban et al., 1988). The significant differ-
ence on the number of plants and the growth rate be-
tween control, single and combined exposures was evalu-
ated using the Kruskal-Wallis test (SigmaPlot Version 12).

3. Results and discussion

The number of plants exposed to atrazine at the lowest
concentration (5 pgL™") was statistically higher than that in
the control starting from day 4 to day 9 of the incubation
(13.4 to 101.0 plants per beaker in atrazine exposure; 9.6
to 61.8 plants per beaker in control; p = 0.030 - 0.001; Fig.
1). The reason could be that at low doses, atrazine stimu-
lates the plant growth rate through beneficial effects on ni-
trogen metabolism (Edivaldo et al., 2010). However, during
almost the entire experimental period, there was no statis-
tical difference in the number of plants between those ex-
posed to atrazine at the concentration of 50 gL and con-
trol. Nevertheless, after two days of incubation, the total
number of plants observed in atrazine-exposed treatment
at the highest concentration (500 pgL™") was statistically
lower than that in control (Fig. 1). These results are similar
to previous study of Hughes et al. (1988), in which the au-
thors determined that the 50% inhibition concentrations
of herbicide atrazine for Lemna gibba was 170 pgL™.

Numerous studies confirmed that atrazine affected plants
by interfering the electron transfer of the Photosystem I
(PSII) of the photosynthesis process (Giardi et al., 2001; Bell
and Duke, 2005; Graymore et al.,, 2001). As a result, during
the period of 10 experimental days, there was no statisti-
cally significant difference in the growth rate between the
atrazine exposure at the lowest concentration (5 ugL™") and
the control. However, the plants exposed to atrazine at the
concentration of 50 ugL™ had the growth rate statistically
lower (p = 0.041) than that in the control, even the value of
the growth rate in atrazine treatment at the highest con-
centration (500 pgL™") being negative (p = 0.008) (Fig. 2).
Similarly, Phewnil et al. (2012) also showed that the growth
rate of Lemna perpusilla significantly decreased when the
plant was exposed to atrazine in concentrations from 250
to 32,000 pglL™.
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Figure 1. The development of duckweed exposed to atrazine at three distinct concentrations. Atr 5, Atr 50, Atr 500: plants
exposed to atrazine at the concentration of 5, 50, 500 pgL™’, respectively. The asterisk indicates the significant difference be-
tween control and exposures (* 0.01< p < 0.05; ** 0.001< p < 0.01; *** p < 0.001 by Kruskal-Wallis test)
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Figure 2. The growth rate of duckweed exposed to atrazine at three distinct concentrations. Atr 5, Atr 50, Atr 500: plants ex-
posed to atrazine at the concentration of 5, 50, 500 pgL™", respectively. The asterisk indicates the significant difference be-
tween control and exposures (* 0.01< p < 0.05; ** 0.001< p < 0.01; *** p < 0.001 by Kruskal-Wallis test)

In the chemical mixture treatments, there were statistical
differences (p < 0.05; Table 1) noted in the number of
plants when comparing the control with exposures where
the plants were treated with a mixture of atrazine and Cu,
atrazine and Cr or atrazine and both Cu and Cr. Specifically,
the simultaneous exposure to atrazine and Cu or atrazine
and Cr had the total number of plants statistically lower
than the control in almost all the experimental days (on day
2,4,6,7,8,9and 10 for atrazine and Cu exposure; on day
2,4,5,6,7,8,9 and 10 for atrazine and Cr exposure) (Table
1). Compared with atrazine exposure at the concentration
of 50 pgL " (Fig. 1), the effect of this herbicide along with Cu
or Cr at the concentration of 50 pgL” for each experi-
mental chemical on the total number of plants seemed to
be more serious. In previous studies, the combination of
atrazine and metals such as Cu or Cd exhibited a slight de-
gree of synergism effects on living organisms (Yang et al,,

2015; Roberts et al.,, 1990). In contrast, the growth rate of
duckweed exposed to the mixture of atrazine, Cu and Cr
treatment was not statistically different to the control, ex-
cepting the experimental day 4, when the total number of
plants was statistically higher than thatin the control (Table
1). This phenomenon could be explained by the fact that
atrazine contains five electron-donor atoms which can po-
tentially combine with other chemicals such as trace met-
als (Cu or Cr) to form atrazine-metal complexes resulting in
the reduction of the toxicity characteristics of atrazine
(Meng and Carper 2000). Consequently, the growth rate of
plants exposed to the mixture of atrazine and Cu or Cr at
the concentration of 50 ugL™ for each chemical was statis-
tically lower than that in the control (p = 0.001). Surpris-
ingly, when the plants were exposed simultaneously to at-
razine, Cu and Cr, the growth rate in this treatment was not
statistically different from that in the control (Fig. 4).
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Table 1. The development of duckweed exposed to the mixture of atrazine and trace metals. Atr + Cu, Atr + Cr, Atr + Cu + Cr:
plants exposed simultaneously to atrazine and Cu, atrazine and Cr, atrazine and Cu and Cr, respectively, at the concentration
of 50 pgL™ for each experimental chemical. The asterisk indicates the significant difference between control and exposures

(* p <0.05; ** p <0.01; *** p < 0.001 by Kruskal-Wallis test).

Average number of plants per beaker

Days of exposure Control Atr + Cu Atr + Cr Atr + Cu + Cr
0 3.0+00 3.0+00 3.0+00 3.0+00
1 3.0+00 3.0+00 3.0+00 40+14
2 50£0.7 3.2+ 0.4%** 3.4+ 0.5%* 50£1.2
3 6.2+04 6.0+ 0.0 6.0+ 0.0 6.4+09
4 9,6 +1.1 6.6 £ 0.5%** 6.4 + 0.5%** 124 £ 1.1%*
5 13.6£1.9 11.4+£15 104 £1.7*% 17.6+4.7
6 19.0£25 14.8 £ 1.1%* 13.6 £ 1.1%* 232+44
7 300172 19.0£2.1%* 16.4 £ 2.9%* 332172
8 38.8+938 27.6 +3.4* 24.8 +3.6* 49.2£10.0
9 61.8+14.5 35.0 + 4.6%* 32.4 £3.9%* 58.0+10.9
10 83.8+21.1 43.4 + 4.0%* 39.8 £ 5.0%* 68.4+12.9

During the experiments, it was noticed that the color of the
duckweed leaves changes in some chemical treatments.
The Cu treatment caused the pale in leaves of duckweed
(Fig. 4B) compared to the control (Fig. 4A). More seriously,
the mixture of Cu and atrazine resulted in the apparition
of white parts or dots on the plant leaves (Fig. 4C). Ou-
zounidou (1994b) also observed the pigment reduction in
plant leaves upon exposure to Cu at the concentration of
around 250 pgL™. Similarly, atrazine could also negatively

interfere the electron transfer of photosynthesis process
consequently pigment and chloroplast impairment in
plants (Graymore et al, 2001; Bell et al, 2005). These
mechanisms helped to explain the pigment reduction in
leaves of duckweed exposed to Cu and mixture of Cu and
atrazine in our study. Therefore, in agricultural activities
(e.g. in Mekong Delta in Vietnam) the high potential risk to
plants and crops due to herbicides application and metal
emission needs to be clarified by in situ investigations.
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Figure 3. The growth rate of duckweed exposed to the mixture of atrazine with trace metals. Atr + Cu, Atr + Cr, Atr + Cu + Cr:
plants exposed simultaneously to atrazine and Cu, atrazine and Cr, atrazine and Cu and Cr, respectively, at the concentration
of 50 pgL™ for each experimental chemical. The asterisk indicates the significant difference between control and exposures
(*0.01< p < 0.05; ** 0.001< p < 0.01; *** p < 0.001 by Kruskal-Wallis test).
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Figure 4. Color of duckweed leaves in control (A), Cu exposure (B) and mixture of Cu and atrazine (C)

4. Conclusion

This study revealed that at the low dose (5 pglL™), atrazine
could stimulate the growth of duckweed (Lemna minor)
whereas when exposed to concentrations (50 and 500 pglL
"), this herbicide resulted in the growth rate being signifi-
cantly reduced, which eventually caused the death of the
plants. Additionally, the synergistic effects on the growth of
plants were observed in the combined atrazine and Cu or
Cr exposures, however the mixture of atrazine and Cu and
Cr caused the antagonistic effects on the growth of plants.
Besides, color changes in the leaves of the plants that were
exposed to toxins were recorded. These results provided
useful information for the quality assessment of water re-
sources when atrazine and metals are present simultane-
ously, filling thus the knowledge gaps about the ecological
toxicity of atrazine-metal complexes. Moreover, further in-
vestigations on the interaction mechanisms of herbicides
and trace metals also should be carried out. For validation,
in situ investigations on the impacts of pesticides and trace
metals on plants are suggested.
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