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Abstract. In order to evaluate the safety of trifloxystrobin in environment and non-target organisms, the
enrichment and distribution of trifloxystrobin in Medaka (Oryzias latipes) were studied in this experiment.
Medaka were exposed in the water containing 0.1 pg/L, 1 pg/L, 10 pg/L and 100 pg/L trifloxystrobin
continuously for 21 days. The results indicated that in female, the concentration order was as follows: fat >
liver > intestine > gonad > flesh; in male, the concentration order was as follows: fat > intestine > liver > flesh

in the low concentration exposure group with 0.1 pg/L and 1 pg/L, while the concentration order was as
follows: fat > liver > intestine > flesh in the high concentration exposure group with 10 pg/L and 100 pg/L.

This study provides important data support and theoretical basis for predicting the behavior of trifloxystrobin

in the environment, evaluating the environmental safety of trifloxystrobin and guiding the use of drugs.

1 Introduction

Pesticides enter the natural water body through direct
spraying, cleaning of spraying equipment, surface runoff
and other ways to pollute the water source. As the top
layer of the aquatic food chain, fish can enrich the
concentration of pollutants through water and plankton
ingestion, so as to indicate the pollution status of harmful
substances in the surrounding waters. Trifloxystrobin is a
kind of strobilurins, which is widely used in fruits,
vegetables, wheat, rice and other crops, and has good
control effect on many kinds of fungal diseases. The
results of environmental toxicology study showed that
trifloxystrobin was highly toxic to a variety of non-target
aquatic organisms. The 96 h-LCsy of trifloxystrobin to
zebrafish (Brachydanio rerio) was 5.40%x102 mg a.i.°L’!,
and the 96 h-LCso of Xenopus laevis tadpole was 8.95x10
2mg a.i.~L!. In the investigation of pesticide pollution in
surface  water, researchers frequently detected
trifloxystrobin residues, with the highest concentration up
to 0.73 pg/L[1]. Although trifloxystrobin at this
concentration will not directly cause fish death, it can be
enriched and metabolized in fish, distributed in different
parts of fish, damaging muscle, liver, gonad and other
tissues and organs, affecting biological growth,
development and reproduction.

2 Materials and Reagent

2.1 Materials

*Corresponding author’s e-mail: huijunliu78@163.com

Medaka (Oryzias latipes) belongs to d-rR strain. The
water for aquaculture and exposure is tap water filtered by
activated carbon and treated by chlorine exposure, with
pH of 7.2-7.6, water hardness of 44.0-61.0 mg CaCO3/L,
water temperature of 25+1 °C, light dark ratio of 16:8, and
dissolved oxygen content of not less than 7 mg/L. Feed
small-sized commercial bait for once a day, twice for
newly hatched larvae of Artemia, and regularly clean up
fish manure and food residues.

2.2 Reagents

The trifloxystrobin standard (99.0%) was provided by
Jiangsu Changqing Agrochemical Co., Ltd. Analysis of
pure acetone, acetonitrile, ethyl acetate and petroleum
ether were purchased from Beijing Chemical Works.

3 Experimental Methods

3.1 Biological enrichment and distribution

Dynamic test method was adopted. Healthy and active
adult Medaka fish with body length (4.0+1.0) cm were
selected, and four groups with exposure concentration
gradients of 0.1 pg/L, 1 pg/L, 10 pg/L and 100 pg/L
trifloxystrobin were set. Each group cultured 15 pairs of
Medaka (15 males and 15 females respectively). Each
group was treated with two repetitions. At the same time,
the control treatment without pesticide was set to remove
the background value. Using a running water device, the
volume of aquaculture water was 15 L, and the daily flow
water volume was 15 L during the test, 100 ml of
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aquaculture water was taken from each test group once a
week, so as to detect the actual exposure concentration of
trifloxystrobin. After 21 days of exposure, the fish for the
experiment were taken, the water on the surface of the fish
was dried with absorbent paper, then dissected, the fish
intestines, fat, liver, gonad and the remaining flesh were
taken and weighed respectively, and the residues of
trifloxystrobin in different organs and tissues were
detected.

3.2 Test for the determination of Trifloxystrobin
in aqueous solution

20 ml of trifloxystrobin solution was taken and put into a
150 ml triangular flask, added 40 ml of ethyl acetate,
extracted it by ultrasound for 20 min, transfered it into a
separating funnel, added saturated sodium chloride
solution, stood for layering, taken 2 ml of organic layer,
dried it with nitrogen, fixed volume with 2 ml of
acetonitrile, filtered through 0.22 pm membrane, and
tested by LC-MS/MS.

3.3 Test for the determination of Trifloxystrobin
in fish

All kinds of fish organ and tissue samples was taken,
homogenized them, transfered them into 50 ml
polypropylene centrifuge tube, added 5 ml water, 20 ml
petroleum ether : ethyl acetate = 1:1, extracted it by
ultrasound for 20 min, centrifugation at 6000 rpm for 5
min. Taken 2 ml of supernatant, dried it with nitrogen,
fixed volume with 2 ml of acetonitrile, added 10 mg of
PSA, shaked for 30 s, stood for 5 min, filtered through
0.22 pm membrane, and tested by LC-MS/MS.

4 Data analysis

The content of pesticide in the water of the control group
was used to correct the content of pesticide in the water of
the fish culture group, and the actual value of pesticide
intake was calculated. At the end of the test, the change of
pesticide content in water and fish has reached equilibrium,

then the enrichment coefficient of pesticide in fish is
calculated as follows:

Cy
BCF = co (1)

ws

In the formula:

BCF—Bioconcentration factor

Ci—The pesticide content of fish in equilibrium, with
unit for mg/kg

C.s~—The pesticide content in the water at equilibrium,
with unit for mg/L

5 Results and Discussion

5.1 The distribution of gliostatin in different
tissues of medaka fish

During the exposure period, the measured concentrations
of trifloxystrobin were 0.13%0.06 (0.1 pg/L), 1.15+0.16 (1
pg/L), 10.06+1.38 (10 pg/L) and 90.21+3.45 (100 ng/L).
Trifloxystrobin enters into the body of Medaka through
respiration, feeding and body surface penetration, and
accumulates in the body of Medaka. After the exposure
test, the fish for the test was taken, the fat, intestines, liver,
flesh and gonad tissues of Medaka was taken respectively
after dissection, and measure the residual amount of
trifloxystrobin was measured. The test results are listed in
Table 1. It was found that the residues of trifloxystrobin in
different tissues were different, with the highest in fat and
the lowest in fish. The distribution of trifloxystrobin in
different tissues was different with gender and exposure
concentration. In female, the order of concentration of
trifloxystrobin in different tissues was as follows: fat >
liver > intestine > gonad > flesh. In male, the
concentration of trifloxystrobin in lower 0.1 pg/L and 1
ng/L exposure groups was as follows: fat > intestine >
liver > flesh. In higher 10 pg/L and 100 pg/L exposure
groups, the concentration of trifloxystrobin was as follows:
fat > liver > intestine > flesh.

Table 1. Residue of trifloxystrobin in different tissues of Medaka

Organ / Tissue Exposure concentration Residual amount of Residual amount of male
(ng/L) female fish (mg/kg) fish (mg/kg)
Fat 0.1 0.106+0.009 0.116+0.010
1 0.173+0.011 0.183+0.012
10 0.567+0.035 1.991+0.101
100 0.990+0.072 2.672+0.134
Intestine 0.1 0.024+0.003 0.049+0.005
1 0.039+0.005 0.084+0.006
10 0.293+0.014 0.487+0.037
100 0.515+0.035 0.675+0.056
Liver 0.1 0.064+0.005 0.019+0.003
1 0.087+0.008 0.063+0.005
10 0.486+0.051 0.508+0.044
100 0.763+0.052 1.313+0.117
Flesh 0.1 0.012+0.002 0.009+0.001
1 0.027+0.002 0.026:+0.003
10 0.177+0.018 0.161+0.012
100 0.391+0.025 0.199+0.014
Gonad 0.1 0.019+0.003 /
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After the pollutants are intaken into the fish, they can
be transported to different tissues of the body through the
lymphatic system and blood circulation system, and can
be metabolized and biotransformed in different parts. The
physiological characteristics of target tissue, such as the
difference of fat content and metabolic potential, result in
the different absorption and removal rates of pollutants,
and become the key factor for the different distribution of
pollutants in different tissues.

Trifloxystrobins are lipophilic organic compounds. In
fish, lipophilic organic pollutants diffuse from water to
gill and are absorbed by the fish, then transfer from viscera
to body, preferentially accumulate in fat[2]. The
concentration enrichment of fish intestine comes from diet
and liver transport[3]. The longitudinal extension of the
liver surrounds the whole intestine and stomach, and the
Omni-faceted connection between the liver and the
outside of the intestine and stomach increases the ability
of the liver to absorb the pollutant metabolites through
ingestion, resulting in the liver becoming the largest target
tissue except fat. Liver is the detoxification and storage
organ of fish, which may participate in the metabolism of
pollutants and enrich a large number of pollutants, and
help to distribute toxic substances and their metabolites to
other tissues and organs[4]. In addition, the liver provides
a large number of non-specific enzymes, which have a
wide range of metabolic effects on organic matter[5-6].
The liver and intestine have obvious metabolic effects on
trifloxystrobin at a lower concentration, but when the male
fish ingests a higher dose of trifloxystrobin, due to the
similar metabolic rate, the concentration of trifloxystrobin
that needs to be metabolized is higher, and the metabolic
effect appears to be weakened, leading to the liver of the
male fish at a lower concentration The concentration in
viscera was lower than that in fish intestine, while that in
high concentration was higher than that in fish intestine.
Gonadal tissue is related to the growth and reproduction
of fish, and its concentration is lower than that of fish

intestine and higher than that of flesh. In the acute
exposure of lipophilic substances, muscle is not the target
organ, with the lowest concentration. Ballesteros et al.[7]
hold that the lowest concentration of endosulfan in flesh
may be due to the low fat content in flesh.

In fat and intestines, the concentration of
trifloxystrobin in male was higher than that in female,
while in flesh, the concentration in male was lower than
that in female. In the liver tissue, the concentration of
trifloxystrobin in females was higher than that in males in
the 0.1 pg/L and 1 pg/L exposure groups, while in the 10
pg/L and 100 pg/L exposure groups was the opposite. Lee
et al.[8] believed that the gender difference in the
absorption and excretion of pollutants in the fathead
minnow was due to the change of organic anion transfer
channels induced by sex hormones, which led to the
gender difference in the absorption and excretion of
pollutants in the fish, including renal tubules, so that the
removal rate of pollutants in the female was much higher
than that in the male. Ankley et al.[9] also believed that
the gender difference of chemical excretion rate resulted
in the difference of pollutant concentration in male and
female fish.

5.2 Bioenrichment coefficients of medlifish in
different tissues

After 21 days of exposure, BCF (Bio-concentration factor)
for different organs and tissues of Medaka is shown in

Table 2. BCF of Medaka is 4.3-815 in female and 2.2-894

in male. Because of the same exposure concentration,

BCF of trifloxystrobin in various tissues was the same as

that of enrichment concentration, and the BCF was the

highest in fat and the lowest in fish. BCF of Medaka in

different tissues was higher than that in high

concentrations at low trifloxystrobin concentration, which

was consistent with the results of Yu Yanyan et al.

Table 2. BCF of trifloxystrobin in different organs/tissues of medaka

Tissue Exposure concentration(pg/L) Female BCF Male BCF
Fat 0.1 815.4+69.2 894.7+76.9
1 150.749.6 159.6+10.4
10 56.3£3.5 197.9£10.0
100 11.0+0.8 29.6+1.5
Intestine 0.1 184.5+23.1 380.0+38.5
1 33.7+4.3 72.9+£5.2
10 29.2+1.4 48.4+3.7
100 5.7+0.4 7.5+0.6
Liver 0.1 489.7+£38.5 148.0+23.1
1 75.5£7.0 55.0+4.3
10 48.4+5.1 50.5+4.4
100 8.5+0.6 14.6+1.3
Flesh 0.1 91.9+154 66.7+7.7
1 23.9£1.7 22.542.6
10 17.6£1.8 16.0£1.2
100 4.3+0.3 2.240.2
Gonad 0.1 146.2+23.1 /

There was a good exponential correlation between the
logarithm value of trifloxystrobin exposure concentration
and BCF (Tables 2-3). Yu Yanyan et al. found that the
BCF of PFTriDA in the same organ of Medaka decreased

with the increase of exposure concentration, and there was
a significant logarithmic linear correlation between the
exposure concentration and BCF. Similar phenomena
were found in BCP, 2, 4-BCP, TBT and 4-NP, which is an
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important factor affecting the evaluation of field
bioaccumulation and ecological effect.

Table 3. Correlation between exposure concentration of
trifloxystrobin and BCFs in different

Tissu Female Male
€

Fat  y=207.88¢ R*=

y=30324e R =

0641x 0.9930 0463 0.8664
Intesti y=58704c  R:=  y=113.63¢ R=
ne 0asx 0.9303 0363x 0.9566

Liver y=129.11e Rz= y =74.235¢ R2=

0.583x 0.9607 0.325x 0.9213
Flesh y=34.904¢ R2= y =27.864¢ R2=
0.437x 0.9568 0.487x 0.9227
900
+ 800 a + Fat
700 = Intestine
600 Liver

Flesh

BCF

-400 -200 0.00 2.00 4.00 6.00

In (Exposure concentration)

1000 + Fat
« 900 b = Intestine
800 Li
iver
700 “

Flesh

BCF

-4.00 -2.00 0.00 2.00 4.00 6.00
In (Exposure concentration)

Figure 1. Correlation between exposure concentration of
trifloxystrobin and BCFs in different tissues of medaka
(a.female; b.male)

6 Conclusions

Bioaccumulation and distribution is very important for the
evaluation of pesticide environmental behavior and its
subsequent chronic harm. The results showed that the
concentration order of trifloxystrobin in different tissues
of Medaka was different. In female, the concentration

order was as follows: fat > liver > intestine > gonad > flesh.

In male, the concentration order was as follows: fat > fish
intestine > liver > flesh in 0.1 pg/L and 1 pg/L exposure
concentration, and fat > liver > intestine > gonad > flesh
in 10 pg/L and 100 pg/L exposure concentration. There
are gender differences in the distribution in different
tissues of Medaka. In fat and intestines, the concentration

of trifloxystrobin in male was higher than that in female,
while in flesh, the concentration in male was lower than
that in female. In the liver tissue, the concentration of
trifloxystrobin in female was higher than that in male in
the 0.1pg/L and 1 pg/L exposure groups, while that in the
10 pg/L and 100 pg/L exposure groups was the opposite.
In the tissues of Medaka, the value of BCF is the same as
that of the concentration. In the same tissue, BCF
decreased with the increase of exposure concentration,
and there was a good exponential correlation between the
exposure concentration and BCF. In order to evaluate the
environmental  safety of trifloxystrobin  more
comprehensively, systematically and accurately, toxicity
tests and environmental behavior of other non-target
organisms are needed.
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