Pertanika J. Trop. Agric. Sci. 47 (1): 77 - 89 (2024)

/ TROPICAL AGRICULTURAL SCIENCE
PERTANIKA

Journal homepage: http://www.pertanika.upm.edu.my/

N

Accumulation and Phytotoxicity of Cypermethrin and
Deltamethrin to Aquatic Plants

Wilailuck Khompun!’, Chonlada Dechakiatkrai Theerakarunwong? and
Waraporn Chouychai'

!Biology Program, Department of Science, Faculty of Science and Technology, Nakhonsawan Rajabhat
University, 60000 Nakhonsawan, Thailand

2Chemistry Program, Department of Science, Faculty of Science and Technology, Nakhonsawan Rajabhat
University, 60000 Nakhonsawan, Thailand

ABSTRACT

Synthetic pyrethroid contamination in water is a serious environmental concern as this
pesticide is highly toxic to aquatic animals. Phytoremediation using aquatic plants that
can tolerate and accumulate pyrethroid pesticides is an interesting alternative. In this
study, the phytotoxicity of cypermethrin and deltamethrin, alone or in combination, to
three aquatic plants, Azolla microphylla, Salvinia cucullata, and Spirodela polyrrhiza
were tested. The results show that S. cucullata was the most sensitive species because the
pigment content in the fronds significantly decreased when exposed to pyrethroid in water.
Azolla microphylla was the most tolerant species because the pigment content in their
fronds significantly increased when exposed to pyrethroid and cypermethrin, which could
also significantly increase the plant fresh weight of 4. microphylla. Both species could
accumulate synthetic pyrethroid pesticides in their tissue. The bioconcentration factors of
cypermethrin and deltamethrin in A. microphylla were 3,508.8 and 2,323.5, respectively,
while the bioconcentration factors of cypermethrin and deltamethrin in S. cucullata were
453.0 and 381.7, respectively. Azolla microphylla is appropriate for use in pyrethroid
phytoremediation in water.
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for agricultural purposes in rice farms in
Thailand and soybean farms in Argentina
(Maneepitak & Cochard, 2014; Mugni et
al., 2011). Contamination with synthetic
pyrethroid in water and sediment is a
serious environmental problem due to its
high toxicity to fish and aquatic animals.
For example, the 50% lethal concentration
(LCs¢) of cypermethrin in fish is 2.8 pg/L
(Sangchan et al., 2014). Cypermethrin
has been reported to be toxic to the valve
activity of marine mussels (Mytilus
galloprovincialis), with the lowest effect
concentration at 100 pug/L (Ayad etal., 2011).
Contamination with synthetic pyrethroid
pesticides in water and sediment has been
reported. Pyrethroid concentrations in
water from California’s San Joaquin River,
Orestimba and Del Puerto Creeks ranged
from 0.005 to 0.021 pg/L (Ensminger et
al., 2011). Cypermethrin has been found
in surface water, riverbed sediment, and
suspended sediment in the Mae Sa River,
northern Thailand, at 0.01 pg/L, 10.5, and
82.8 pg/kg, respectively (Sangchan et al.,
2014). The removal of synthetic pyrethroid
contamination in water should be done
immediately.

Phytoremediation is an environmentally
friendly method to remove synthetic
pyrethroid contamination in water.
Rhizofiltration, using hyperaccumulating
aquatic plants to adsorb and absorb pollutants
from aquatic environments (Rahman &
Hasegawa, 2011), is a phytoremediation
process appropriate for pollutant removal
in water. Many aquatic plants have been
reported to remove pollutants via this process.

For example, Spirodela polyrrhiza has been
reported to accumulate cadmium (Cd) at
54.45 mg/kg fresh weight when cultured
in 10 uM Cd contaminated water for four
days with 55% of the Cd accumulated in
the cell wall (Su et al., 2017). Spirodela
polyrrhiza also accumulates fluoride
when grown in water contaminated with
fluoride at 3-20 mg/L (Karmakar et al.,
2016). Plants in the genus Salvinia were
reported to accumulate arsenic (Rahman &
Hasegawa, 2011), chromium (Prado et al.,
2020), cadmium, nickel, lead, and zinc (Iha
& Bianchini Jr., 2015). In addition, plants
in the genus Azolla have been reported to
accumulate arsenic (Rahman & Hasegawa,
2011), mercury, cadmium (Rai, 2008), and
methyl violet 2B dye (Kooh et al., 2018).
These plant species are naturally found
in the aquatic environment in central
Thailand, which is the main rice growing
area and pyrethroid pesticides are used
normally (Maneepitak & Cochard, 2014).
However, reports on the phytotoxicity and
phytoaccumulation of pyrethroid pesticides
are rarely found. This study selected
Azolla microphylla, Salvinia cucullate, and
Spirodela polyrrhiza to test their tolerance
to synthetic pyrethroids, cypermethrin and
deltamethrin, alone or in combination.
The most tolerant and sensitive species
were selected to assess the accumulation
capacity for cypermethrin and deltamethrin
co-contaminated water. If these aquatic
plants could tolerate and accumulate
synthetic pyrethroids in water, it would be
useful for phytoremediation in agricultural
aquatic sites in central Thailand.

78 Pertanika J. Trop. Agric. Sci. 47 (1): 77 - 89 (2024)



Toxicity of Synthetic Pyrethroid to Aquatic Plants

MATERIALS AND METHODS
Plant and Water Preparation

Two aquatic ferns, A. microphylla and
S. cucullate, and one species of aquatic
angiosperm plant, S. polyrrhiza, were
used in this study. Azolla microphylla and
S. polyrrhiza were collected from Thung
Pueng Sub-district, Nnong Kha Yang
District, Uthai Thani Province, Thailand,
and S. cucullata was collected from Khwae
Yai Sub-district, Mueang Nakhon Sawan
District, Nakhon Sawan Province, Thailand.
The water used in this experiment was tap
water with chlorinevolatiled for 3—5 days
before use. This water was contaminated
with commercial pyrethroid pesticides
(Good Knock©, Thailand) that contained
10% (w/v) cypermethrin and 3% (w/v)
deltamethrin (Delta 3%©, Thailand) to
final concentrations of cypermethrin and
deltamethrin in water at 2.5, 5, 7.5, and 10
mg/L.

Experimental Design

For each plant species, the experimental
design for each compound, cypermethrin,
deltamethrin, and cypermethrin and
deltamethrin (1:1), was a completely
randomized design (CRD) with one factor,
five treatments per experiment and three
replicates per treatment. The pots used for
A. microphylla and S. polyrrhiza were 10.61
cm in diameter and each contained 300 ml
of water. For S. cucullata, the pots were
16.24 cm in diameter and 600 ml of water.
There were 6, 6, and 10 g of A. microphylla,
S. polyrrhiza, and S. cucullata per pot. All
plants were cultured in a nursery that received

natural sunlight and was maintained at room
temperature for seven days.

Plant Growth Analysis

Plants from each treatment were collected
on day seven after planting to determine the
plant’s fresh weight and dry weight. The
moisture in each plant was calculated by
(Fresh weight — Dry weight)/Fresh weight
(Aveek et al., 2019). The chlorophyll and
carotenoid contents in the leaves or fronds
were determined according to the method
described in Arnon (1949). Briefly, 200 mg of
fresh leaves or fronds were crushed with 80%
acetone (Merck, Germany), and the volume
was adjusted to 10 ml. The absorbances were
measured at 663, 645, and 470 nm, and the
concentrations of each pigment (mg per g
tissue) were calculated as below:

Chlorophyll a content = [12.7(Ag;) -
2.69(As45)] *V/(1000%W)

Chlorophyll b content = [22.9(Ags) -
4.68(Age3)] * V/(1000*W)

Total chlorophyll content = Chl.a +
ChLb

Carotenoid content = [1,000(A,;) +
3.27(chlorophyll a — chlorophyll b)] *
V/(W *229)

where A = absorbance at the wavelength
mentioned, V = final volume of chlorophyll
extract in 80% acetone, and W = fresh
weight of tissue extracted.

In addition, the proline contents in the
leaves were analyzed by spectrophotometry
by measuring the absorbance of the leaf
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solution at 520 nm. The leaf or frond
solutions were extracted by sulphosalicylic,
which was then reacted with acid ninhydrin
and extracted with toluene before being
measured (John et al., 2008).

Phytoaccumulation Experiment and
Pyrethroid Analysis

Based on the dried weight of each plant, 4.
microphylla and S. cucullata were selected
to study the phytoaccumulation capacity.
For the phytoaccumulation experiment,
A. microphylla and S. cucullata were
cultured in cypermethrin and deltamethrin
co-contaminated water for seven days in
the same environment described above.
The pots used for A. microphylla and
S. cucullata were 44.5 cm in diameter,
each containing 6 L of water. There
were 500 and 250 g of 4. microphylla
and S. cucullata per pot, respectively.
For each replicate, 2 L of pyrethroid-
contaminated water was collected and sent
for analysis of the pyrethroid pesticide
concentration at the Central Laboratory
Thailand, Ltd., Bangkok branch, using an
in-house method based on the TE-CH-207
method using a gas chromatograph with
u-electron capture detector (GC-uECD)
with a limit of detection at 0.50 mg/L. The
starting concentrations of cypermethrin
and deltamethrin were 9.6 and 8.4 mg/L,
respectively. In addition, dried plant tissue
of A. microphylla and S. cucullata was
collected and sent for analysis of the
pyrethroid pesticide accumulation at the
Central Laboratory Thailand, Ltd., Bangkok
branch, using an in-house method with TE-

CH-030 based on Steinwandter (1985) with
the limit of detection at 0.01 mg/kg. Each
synthetic pyrethroid’s bioconcentration
factor (BCF) was calculated from each
synthetic pyrethroid concentration in the
plant tissue/each synthetic pyrethroid
concentration in the water (Somtrakoon &
Chouychai, 2023).

Statistical Analysis

One-way analysis of variance (ANOVA)
and Duncan tests were used for variance
analysis and pairwise comparison. The #-test
was used to compare the bioconcentration
factors of the two plant species.

RESULTS AND DISCUSSION

Toxicity of Synthetic Pyrethroid on
Weight and Moisture of Aquatic Plants
The toxicity of synthetic pyrethroid on
plant weight differed depending on the
type of pyrethroid compound and plant
species. Cypermethrin or deltamethrin,
alone or in combination, did not affect the
moisture content of A. microphylla and
S. cucullata. In addition, cypermethrin
significantly increased the plant fresh
weight of 4. microphylla but did not affect
the fresh weight of S. cucullata and the
dry weight of both species. Deltamethrin
decreased the plant fresh weight of both 4.
microphylla and S. cucullata significantly,
at 10.0 and 2.5 mg/L, respectively (Table
1). Deltamethrin did not affect the plant dry
weight of S. cucullata but decreased the
plant dry weight of A. microphylla at 10.0
mg/L. The combination of cypermethrin and
deltamethrin (1:1) only decreased the plant
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fresh weight of S. cucullata significantly at
5.0-10.0 mg/L (Table 1).

The characteristics in fronds of A4.
microphylla were exposed to different
concentrations of deltamethrin, cypermethrin,
or the combination of deltamethrin and
cypermethrin (1:1) were not different
when compared with control (Figure 1),
but S. cucullata sensitive as the color of
fronds were slightly different from control
(Figure 2). Even though the combination
of cypermethrin and deltamethrin (1:1) did
not affect the weight and moisture of S.
polyrrhiza, just cypermethrin decreased the
plant dry weight and increased the moisture
of S. polyrrhiza significantly. Deltamethrin
also decreased the fresh and dry weight
of S. polyrrhiza at 7.5 and 2.5 mg/L,

respectively, but it did not affect the plant’s
moisture (Table 1). The characteristics in
leaves of S. polyrrhiza were exposed to
different concentrations of deltamethrin,
cypermethrin, or the combination of
deltamethrin and cypermethrin (1:1) not
different from the control (Figure 3).

The concentration of synthetic
pyrethroid pesticides in this experiment
(2.5-10.0 mg/L) was not toxic to the
weight and moisture of aquatic plants.
Cypermethrin tended to increase the
fresh weight of 4. microphylla. It was the
same with the fresh weights of Eichornia
crassipes, Pista stratiotes, and algae grown
in 1 mg/L pyrethroid pesticide for seven
days that increased dramatically from 15.70,
15.09, and 15.08 mg on day 0 to 17.35,

(®)

T © )

Figure 1. Azolla microphylla grew in cypermethrin, deltamethrin, cypermethrin, and deltamethrin (1:1) for 7
days. (a) Non-contaminated water, (b) cypermethrin 10 mg/L, (c¢) deltamethrin 10 mg/L, and (d) cypermethrin
and deltamethrin (1:1) 10 mg/L

Figure 2. Salvinia cucullata grew in cypermethrin, deltamethrin, cypermethrin, and deltamethrin (1:1) for 7
days. (a) Non-contaminated water, (b) cypermethrin 10 mg/L, (c) deltamethrin 10 mg/L, and (d) cypermethrin
and deltamethrin (1:1) 10 mg/L
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)

17.51, and 17.56 mg on day seven (Riaz et
al., 2017). However, higher concentrations
of cypermethrin have been reported to be
more toxic. The biomass of Azolla pinnata
significantly decreased when grown in
30 mg/L cypermethrin for 96 hr (Prasad
et al., 2015). Increases in the dry weight
and decreases in the moisture content
were found in three plant seedlings, Zea
mays, Allium cepa, and Lathyrus sativus,
exposed to 0.2—-0.8 g/L cypermethrin before
germination (Aveek et al., 2019).

Toxicity of Synthetic Pyrethroid on
Pigment and Proline Content in Leaves/
Fronds of Aquatic Plants

The pigment response to pyrethroid-
contaminated water in each aquatic plant’s
leaves differed. The chlorophyll content in
the fronds of 4. microphylla exposed to 7.5—
10.0 mg/L deltamethrin increased compared
to that grown in non-contaminated water.
The chlorophyll a content in the fronds of
A. microphylla in non-contaminated water
was 0.020 mg/g FW, while the chlorophyll
a content in the fronds of A. microphylla
exposed to 7.5-10.0 mg/L deltamethrin
was 0.024 mg/g FW (Table 2). However,

© (@
Figure 3. Spirodela polyrrhiza grew in cypermethrin, deltamethrin, and cypermethrin and deltamethrin (1:1) for
7 days. (a) Non-contaminated water, (b) cypermethrin 10 mg/L, (c) deltamethrin 10 mg/L, and (d) cypermethrin
and deltamethrin (1:1) 10 mg/L

increases in the total chlorophyll and
carotenoid in the fronds of 4. microphylla
were seen when exposed to 2.5 mg/L
deltamethrin. Surprisingly, the chlorophyll
a and total chlorophyll contents in the
fronds of 4. microphylla were highest when
exposed to 5.0 mg/L cypermethrin, and
they dramatically decreased when the
cypermethrin concentration was increased.
The chlorophyll b content in the fronds
of A. microphylla was not affected by any
pyrethroid pesticide, and the combination of
deltamethrin and cypermethrin did not affect
any pigment content in the fronds of 4.
microphylla (Table 2). The proline content
in the fronds of A. microphylla increased
significantly from the control when
exposed to 7.5 mg/L deltamethrin, while
the proline content decreased significantly
from the control when exposed to 10.0
mg/L. The combination of deltamethrin
and cypermethrin (1:1) at 2.5-10.0 mg/L
decreased the proline content in the fronds
significantly (Table 2).

The all-pigment content in the leaves of
S. polyrrhiza was not significantly different
when exposed to different concentrations
of deltamethrin, cypermethrin, or the
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Chlorophyll, carotenoid, and proline content in fronds of Azolla microphylla growing in pyrethroid-
contaminated water for 7 days

Pyrethroid

Total

concentration Chlorophyll @ Chlorophyll b Chlorophyll Carotenoid Proline
(mg/L) (mg/g FW) (mg/g FW) (mg/e FW) (mg/g FW) (mg/g FW)
Deltamethrin
0 0.020+0.001b  0.012+0.002a  0.032+0.002b 8.02+0.27b  0.65+0.04ab
2.5 0.021+0.001b  0.015+0.001a  0.036+0.001a  10.69+0.91a  0.53+0.06bc
5.0 0.022+0.001b  0.017+0.001a  0.038+0.000a  11.94+0.48a  0.51+0.04c
7.5 0.024+0.000a  0.013+0.002a  0.0374£0.002a  12.26+0.63a  0.77+0.02a
10.0 0.024+0.000a  0.015+0.000a  0.039+0.000a  11.68+0.61a  0.73+0.03a
Cypermethrin
0 0.017+0.000b  0.016+0.001a  0.033+£0.001b  11.57+0.70a  0.75+0.02ab
2.5 0.018+0.001b  0.013+0.001a  0.031+£0.001b  10.63+0.42a  0.67+0.02b
5.0 0.028+0.001a  0.016+0.003a  0.044+0.003a  13.68+1.18a  0.70+0.04ab
7.5 0.018+0.000b  0.017+0.004a  0.036+0.004ab  12.45+1.44a  0.79+0.03a
10.0 0.018+0.001b  0.014+0.003a  0.033+£0.003b  11.69+1.55a  0.57+0.02c
Deltamethrin + Cypermethrin (1:1)
0 0.021+0.000a  0.015+0.001a  0.036+0.000a 9.58+0.54a 1.00+0.02a
2.5 0.024+0.002a  0.013+0.001a  0.036+0.001a 9.82+0.54a 0.554+0.10b
5.0 0.024+0.001a  0.012+0.000a  0.036+0.001a  10.61+0.81a  0.49+0.19b
7.5 0.026+0.004a  0.031+0.020a  0.058+0.017a 9.62+0.48a 0.41+0.08b
10.0 0.022+0.001a  0.012+0.000a  0.035+£0.000a  10.54+0.61a  0.55+0.08b

Note. Different small case letters showed a significant difference (P<0.05) at different concentrations of each

compound

combination of deltamethrin and
cypermethrin (1:1). The proline content
in the leaves of S. polyrrhiza increased
from the control (1.0 mg/g FW) to be
1.8-3.0 mg/g FW when exposed to 2.5-10.0
mg/L deltamethrin while cypermethrin
and the combination of deltamethrin and
cypermethrin (1:1) did not affect the proline
content in the leaves of this plant (Table 3).

The response of the pigment contents
in the fronds of S. cucullata was sensitive
when exposed to pyrethroid pesticides.
The chlorophyll a, b, and total chlorophyll
contents in the fronds of S. cucullata exposed

to 5.0-10.0 mg/L deltamethrin (0.10-0.12
mg/g FW) significantly decreased when
compared to the chlorophyll content in
the fronds of S. cucullata grown in non-
contaminated water (0.19 mg/g FW).
However, 7.5-10.0 mg/L cypermethrin
only significantly decreased the chlorophyll
a and total chlorophyll contents but did
not affect the chlorophyll b content in the
fronds of S. cucullate. The combination
of deltamethrin and cypermethrin (1:1)
decreased the chlorophyll a, b, and total
chlorophyll contents in the fronds of S.
cucullata significantly by 10.0, 2.5, and 5.0
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Table 3

Chlorophyll, carotenoid, and proline content in leaves of Spirodela polyrrhiza growing in pyrethroid-

contaminated water for 7 days

Pyrethroid

Total

concentration Chlorophylla ~ Chlorophyll b chorophyl Carotenoid Proline
(mg/L) (mg/g FW) (mg/g FW) (mg/e FW) (mg/g FW) (mg/g FW)

Deltamethrin

0 0.10£0.003a 0.05+0.002a 0.15£0.01a 46.6+0.33a 1.0+0.02¢
2.5 0.10+0.005a 0.05+0.002a 0.15£0.01a 47.8+1.23a 3.0+0.26a
5.0 0.10+0.006a 0.06+0.005a 0.16+0.01a 50.0+2.72a 2.1£0.19b
7.5 0.10£0.012a 0.06+0.005a 0.15+0.02a 47.7+4.34a 1.8+0.15b
10.0 0.08+0.008a 0.05+0.004a 0.13£0.01a 42.6+3.33a 2.0+£0.27b
Cypermethrin

0 0.10£0.003a 0.05+0.002a 0.15£0.01a 46.6+0.33a 1.0+£0.02a
2.5 0.11+0.002a 0.06+0.004a 0.17+0.01a 54.0+2.36a 1.0+£0.22a
5.0 0.11+0.007a 0.06+0.003a 0.17+0.01a 54.0+1.70a 0.9+0.05a
7.5 0.11+0.005a 0.06+0.001a 0.17+0.01a 55.2+2.10a 1.0+0.13a
10.0 0.11+0.011a 0.06+0.007a 0.18+0.02a 54.5+4.00a 0.8+0.08a
Deltamethrin + Cypermethrin (1:1)

0 0.10+0.003a 0.05+0.002a 0.15£0.01a 46.6+0.33a 1.0+£0.02a
2.5 0.10£0.003a 0.04+0.002a 0.14+0.01a 43.8+1.43a 0.7+0.11a
5.0 0.09+0.004a 0.04+0.003a 0.14+0.01a 43.4+1.71a 0.8+0.26a
7.5 0.10£0.010a 0.04+0.006a 0.14+0.02a 43.8+3.95a 1.1£0.13a
10.0 0.10£0.009a 0.04+0.005a 0.14+0.01a 44.9+4.47a 0.9+0.30a

Note. Different small case letters showed a significant difference (P<0.05) at different concentrations of each

compound

mg/L, respectively. The carotenoid content
in the fronds of S. cucullata significantly
decreased when exposed to 2.5-10.0, 5.0—
10.0, and 5.0-10.0 mg/L of deltamethrin,
cypermethrin, and a combination of
deltamethrin and cypermethrin (1:1),
respectively. The proline content in the
fronds of S. cucullata was not affected
by cypermethrin, and the combination of
deltamethrin and cypermethrin (1:1), while
2.5-10.0 mg/L deltamethrin decreased the
proline content significantly (Table 4).

A decrease in the chlorophyll
content was seen clearly in the fronds

of S. cucullata. All synthetic pyrethroid
pesticides could decrease their chlorophyll
content significantly. On the other hand,
synthetic pyrethroid pesticides did not
affect the chlorophyll content in the
leaves of S. polyrrhiza and tended to
increase some pigments in the fronds of 4.
microphylla. Decreasing pigment content
and increasing antioxidant enzyme activity
have been reported in plants exposed to
cypermethrin. For example, a decrease in
the chlorophyll content in the leaves was
found in three plant seedlings, Z. mays, A.
cepa, and L. sativus, exposed to 0.2—0.8 g/L.
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cypermethrin before germination (Aveek
et al., 2019). Exposure to 5-15 mg/L
cypermethrin was reported to increase
antioxidant enzymes in A. pinnata. (Prasad
et al., 2015). However, in this study,
exposure to 2.5-10 mg/L cypermethrin
or the combination of cypermethrin and
deltamethrin decreased the proline content
in the fronds of A. microphylla. The
response of the carotenoid content in the
fronds of 4. microphylla to deltamethrin
was the same as the response of 4. pinnata
to cypermethrin and increased when
pyrethroid was present in the water (Prasad
et al., 2015).

Table 4

Accumulation of Synthetic Pyrethroid
in Aquatic Plant Tissue

After seven days, S. cucullata and A.
microphylla could accumulate deltamethrin
and cypermethrin. The concentrations
of deltamethrin within the biomass of 4.
microphylla and S. cucullata were 988.2+64.3
and 623.0+28.7 mg/kg, respectively, while
cypermethrin was found in the biomass of 4.
microphylla and S. cucullataat 593.7+43.4
and 316.7+45.0 mg/kg, respectively (Table
5). The bioconcentration factor of both
species shows the capacity to accumulate
deltamethrin and cypermethrin, and 4.
microphylla could significantly accumulate

Chlorophyll, carotenoid, and proline content in fronds of Salvinia cucullata growing in pyrethroid-contaminated

water for 7 days

cfrilcreertl}tlrr;)tli((i)n Chlorophyll a Chlorophyll b ChlZ?é;lllyll Carotenoid Proline
(mg/L) (mg/g FW) (mg/g FW) (mg/e FW) (mg/g FW) (mg/g FW)

Deltamethrin

0 0.194+0.008a 0.1240.029a 0.32+0.04a 81.24+4.23a 1.0+0.07a
2.5 0.184+0.016a 0.10+0.018ab 0.27+0.03a 65.9+1.43b 0.1+0.10c
5.0 0.124+0.005b 0.04+0.004b 0.16+0.01b 65.445.04b 0.44+0.21bc
7.5 0.10+0.004b 0.04+0.013b 0.14+0.01b 66.7+4.19b 0.7+0.20ab
10.0 0.10+0.020b 0.0540.009b 0.14+0.03b 41.2+3.16¢ 0.440.05bc
Cypermethrin

0 0.194+0.008a 0.1240.029a 0.32+0.04a 81.24+4.23a 1.0+0.07a
2.5 0.17+0.014ab 0.07+0.004a 0.24+0.01ab 73.447.28a 0.5+0.25a
5.0 0.16+0.014ab 0.08+0.011a 0.24+0.02ab 46.8+2.11b 0.6+0.18a
7.5 0.12+0.026b 0.06+0.013a 0.18+0.04b 41.9+0.39bc 0.7+0.15a
10.0 0.12+0.016b 0.06+0.008a 0.18+0.02b 33.0+1.53¢ 0.8+0.33a
Deltamethrin + Cypermethrin (1:1)

0 0.194+0.008a 0.1240.029a 0.32+0.04a 81.24+4.23a 1.0+0.07a
2.5 0.18+0.019ab 0.06+0.006b 0.24+0.02ab 79.6+1.50a 0.6+0.51a
5.0 0.14+0.010bc 0.06+0.003b 0.20+0.01b 65.2+0.80b 0.3+0.26a
7.5 0.15+0.002abc 0.06+0.004b 0.22+0.01b 63.0+0.37b 0.8+0.15a
10.0 0.12+0.022¢ 0.06+0.010b 0.18+0.03b 59.442.18b 0.9+0.20a

Note. Different small case letters showed a significant difference (P<0.05) at different concentrations of each

compound
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Table 5

Pyrethroid remaining in water and plant biomass after growing with aquatic plant for 7 days
Treatment Cypermethrin Deltamethrin
Water concentration (mg/L)
Starting concentration 9.6+0.65 8.4+0.31
Azolla — Day 7 0.3+0.01 0.2+0.02
Salvinia — Day 7 1.6+0.38 1.2+0.47
Plant concentration (mg/kg)
Azolla — day 0 0.03+0.00 B.D.
Salvinia — day 0 0.03+0.00 0.2+0.04
Azolla — Day 7 988.2+64.30 593.7+43.40
Salvinia — Day 7 623.0+28.70 316.7+45.00

Bioconcentration factor
Azolla

Salvinia

3508.8+£172.90a

2323.5+199.60a

453.0+115.30b 381.7+176.10b

Note. Different small case letters showed a significant difference (P<0.05) at different treatments of each

compound; B.D. = Below detection limit

both pyrethroid compounds more than S.
cucullata.

Aquatic plants have been reported
to remove pyrethroid contamination in
water. For example, Eichornia crassipes,
Pista stratiotes, and algae could remove
pyrethroid (permethrine, cypermethrine,
deltamethrine, and bifenthrine) at 76, 68,
and 70%, respectively, within seven days,
but the mechanism of pollutant removal was
not indicated (Riaz et al., 2017). Lemna sp.
was also reported to decrease cypermethrin
in water by 99.1% (initiation concentration =
10 pg/L), while in the Lemna-free treatment,
cypermethrin was decreased by 98% within
12 days. The adsorption of the pesticide by
the biological surface was assumed to be
the main mechanism of Lemna sp., but the
cypermethrin amount in the plant tissue was
not reported (Mugni et al., 2011). In our
study, both plant species could accumulate
cypermethrin at 94.6 and 90.8%, while
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deltamethrin was accumulated at 65.0 and
52.8% for A. microphylla and S. cucullata,
respectively, within 7 days. However, all
the dried tissue of the plants was sent for
analysis of the pyrethroid content, and the
adsorption and absorption mechanisms
could not be separated. These results show
that 4. microphylla is an effective aquatic
plant for pyrethroid phytoremediation
compared to other species.

CONCLUSION

Synthetic pyrethroids were more toxic to
the pigment content in the leaves of aquatic
plants than the plant’s fresh and dry weight.
Among the three species, S. cucullata was
the most sensitive, and 4. microphylla was
the most tolerant to synthetic pyrethroids
when considered with pigment content.
Based on plant dry weight, S. polyrrhiza
was the most sensitive, and S. cucullata was
the most tolerant to synthetic pyrethroids.
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However, both species have the capacity to
accumulate deltamethrin and cypermethrin
within the plant biomass. It is interesting to
use both plant species for phytoremediation
of pyrethroid-contaminated water, but using
A. microphylla biomass from pyrethroid-
contaminated sites as green manure in
agricultural situations may be a concern.
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