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Abstract Cyflumetofen is a novel benzoyl acetonitrile acari-
cide without cross-resistance to existing acaricides. In the
present study, for the first time, the environmental behaviors
of cyflumetofen and the formation of its main metabolites,
2-(trifluoromethyl) benzoic acid (B-1) and 2-(trifluoromethyl)
benzamide (B-3), in the four types of soil (black soil,
sierozem, krasnozem, and fluvo-aquic soil) and three types
of water/sediment systems (Northeast Lake, Hunan paddy
field, and Beijng Shangzhuang reservoir) under aerobic and
anaerobic conditions were investigated. The degradation dy-
namics of cyflumetofen followed first-order kinetics. Under
aerobic environment, the half-lives of cyflumetofen in black
soil, sierozem, krasnozem and fluvo-aquic soil were 11.2,
10.3, 12.4, and 11.4 days. Under water anaerobic conditions,
the half-lives were 13.1, 10.8, 13.9, and 12.8 days. The effects
of different conditions and soil types on the half-lives of
cyflumetofen were studied using a one-way ANOVA test with
post hoc comparison (Tukey’s test). It was shown that the
differences in black soil, krasnozem, and fluvo-aquic soil were
extremely significant difference (p < 0.05) under aerobic and
water anaerobic conditions. And there is a strong correlation
between half-life and pH. Under aerobic environment, the

half-lives of cyflumetofen in Northeast Lake, Hunan paddy
field, and Beijng Shangzhuang reservoir were 15.4, 16.9,
and 15.1 days. Under anaerobic conditions, they were 16.5,
17.3, and 16.1 days. Analyzing the differences of the half-
lives under aerobic and anaerobic conditions, the difference
only in Shangzhuang reservoir was extremely significant dif-
ference (p < 0.05). In soils, cyflumetofen degraded metabo-
lites B-1 and B-3, from the first day 0.24 % B-1 was generat-
ed, while, only very low levels of B-3 generated at the same
time. As time increased, B-3 gradually increased,
cyflumetofen reduced gradually. Until 100 days, there were
about 3.5 % B-1 and B-3 in the soils. In the water/sediment
systems, from the first day, it degraded into B-1 in the sedi-
ment, and in the water mainly degraded into B-3.

Keywords Cyflumetofen .Metabolites . Soils .Water/
sediment . Degradation

Introduction

Pesticides are the most cost-effective means of pest and
weed control, and widespread in the environment (Arias-
Estévez et al. 2008, Fenner et al. 2013). In some, their
use has increased during the past few years (Dalvie et al.
2009) despite their well-known hazards for environment
and human health (Bermúdez-Couso et al. 2011, Everett
& Matheson 2010, McKinlay et al. 2008, Seiber &
Kleinschmidt 2011). It has been estimated that less than
0.1 % of the pesticide actually reaches the target, the rest
enters the environment (Pimentel 1995, Pimentel
&Levitan 1986). Pesticides and their bioactive metabo-
lites accumulate and induce adverse effects in soils and
sediments (Babić et al. 2007, Dı́az-Cruz et al. 2003).
With increasing knowledge of their environmental

Responsible editor: Ester heath

Pingping Wang and Minmin Li contributed equally to this work.

* Xingang Liu
liuxingang@caas.cn

1 State Key Laboratory for Biology of Plant Diseases and Insect Pests,
Institute of Plant Protection, Chinese Academy of Agricultural
Sciences, Beijing 100193, People’s Republic of China

2 Institute of food science and technology CAAS, Chinese Academy of
Agricultural Sciences, Beijing 100193, People’s Republic of China

Environ Sci Pollut Res (2016) 23:23114–23122
DOI 10.1007/s11356-016-7523-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-016-7523-2&domain=pdf


occurrence, more interest was focused on their environ-
mental fate (Löffler et al. 2005). Nevertheless, limited
data were available covering the fate of the pesticides
in the soil and water/sediment. Therefore, evaluation of
the pesticides degradation and its main metabolites for-
mation in soils and water/sediment systems is needed to
better predict the chemical lifetime in the environment
and to accurately assess potential biological impacts.

Cyflumetofen is a relatively novel acaricide developed by
Otsuka AgriTechno Co., Ltd. in 2007, and now used in 15
countries around the world (Hayashi et al. 2013).
Cyflumetofen is a mitochondrial electron transport inhibitor
pesticide and has been recognized as a suitable acaricide for
integrated pest management (IPM) systems without cross-
resistance to existing acaricides (Marcic 2012). Researches
have demonstrated that cyflumetofen has highly selective ef-
ficacy (Yoshida et al. 2012). It is against a variety of mites, and
the efficacy was not affected by the developmental stages of
mites, temperature, or any other field conditions (Takahashi
et al. 2012).

Data of the cyflumetofen residues in the environment
are mostly limited to the parent compound, but metabo-
lites of cyflumetofen are often released into the environ-
ment in higher quantities than their parent compound (Li
et al. 2013, Li et al. 2012). According to EFSA, the
metabolites B-1 (2-(trifluoromethyl) benzoic acid), B-2
(α ,α ,α - t r i f l u o r o - o - t o l u i c a n h y d r i d e ) , B - 3
(2-(trifluoromethyl) benzamide), and AB-1 (2-(4-tert-
bu ty l pheny l ) - 3 -oxo -3 - (α ,α ,α - t r i f l uo ro -o t o l y l )
propriononitrile) were formed in the soil and water/sedi-
ment. AB-1 was essentially immobile in soil, and it was
considered that AB-1 is not a major soil metabolite, B-1
and B-3 exhibited very high mobility. From the toxico-
logical point of view, B-3 appeared to be more toxic than
its parent compound (Authority 2012). The information
on the degradation of cyflumetofen and the formation of
B-1 and B-3 in Chinese soils and water/sediment systems
under aerobic and anaerobic conditions are great signifi-
cance. In this study, B-1 and B-3 as the main metabolites
(Table 1), and a study was investigated to understand
what controls the environmental degradation of
cyflumetofen using ultrahigh performance liquid
chromatography-tandem mass spectrometry (UPLC–MS/
MS) for analysis. The half-life period (T1/2) of
cyflumetofen in four soils and three water/sediment sys-
tems was investigated. The research will be relevant for
assessing the cyflumetofen degradation processes in the
field and anticipating the pathways of these compounds’
degradation under specific field conditions. And it is the
first time to investigate the degradation of cyflumetofen
and formation of its main metabolites in four soils and
three water/sediment systems under aerobic and anaero-
bic conditions.

Materials and method

Chemicals and reagents

The analytical standard cyflumetofen (purity 99.8 %) and its
metabolites, B-1 and B-3, were obtained from Otsuka
AgriTechno Co., Ltd. (Osaka, Japan). Chromatography grade
acetonitrile and methanol for HPLC analysis were obtained
from Honeywell International Inc. (New Jersey, USA).
Analytical grade acetonitrile for pesticide residue analysis
was purchased from Beijing Chemical Reagent Company
(Beijing, China). Sodium chloride (NaCl) and anhydrous
magnesium sulfate (anhydrous MgSO4) were analytical grade
and purchased from Beijing Chemical Company (Beijing,
China). MWCNTs (multi-walled carbon nanotubes) with dif-
ferent average external diameters (<8 nm) were purchased
from Boyu Technologies Inc. (Beijing, China). Ultrapure wa-
ter for HPLC was prepared using a Milli-Q water purification
system (Bedford, MA, USA).

Test soils and water/sediments

The four different agricultural soils representing different
physicochemical properties and climatic environments were
obtained from the 0–15-cm surface layer in fields from four
distinct sites in China: Ha’erbin (Black soil) in the
Heilongjiang Province, Langfang (Fluvo-aquic soil) in the
Hebei Province, Changsha (Krasnozem) in the Hunan
Province, and Xi’an (Sierozem) in the Shanxi Province. The
soils were air dried at room temperature and passed through a
1-mm sieve to remove pebbles and plant debris. The moisture
content of the soils was adjusted to 60 % of the water-holding
capacity (WHC) using deionized water, and samples were
kept in the dark at 25 ± 2 °C for a 2-week activation period.

Sediment samples with associated water were collected in
the anaerobic zone of surface water bodies from Shangzhuang
reservoirs (Beijing), Hunan paddy fields (Changsha), and
Ha’erbin (Heilongjiang), using a clean methanol rinsed stain-
less steel trowel. The sediments were sampled from the top
layer of sediment and sieved with a 2-mm screen following
the OECD 308 guideline (OECD 2002). Associated waters
were taken from the same location. The anaerobic sediments
were sampled to exclude oxygen and stored at approximately
4 °C. The basic physicochemical characteristics of test soils
and sediments were given and summarized in Table 2.

Soils and water/sediments novel incubation
under aerobic/anaerobic conditions

The removable nitrogen circulation anaerobic culture device
comprised a nitrogen generator, incubator, and nitrogen blow-
ing instrument. Among them, the intake of the incubator tube
and nitrogen gas phase connected with the air outlet pipe
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device, cultivation box out ventilation trachea and pipe of
nitrogen blowing instrument. Nitrogen-generating device
was communicated with each individual anaerobic culture
vessels through the plastic pipe, to the nitrogen circulation,
and through the three-way valve controlled the nitrogen flow
rate at any time. When the training was completed, either
anaerobic culture vessels can be taken out at any times without
affecting the other environment culture vessel. The culture
device represented the stricter anaerobic environment.

One set of soil samples was used for incubation under
aerobic conditions. Blank determination of the soils revealed
no cyflumetofen, B-1 and B-3. After pre-incubating for
14 days, a portion of the soil (20 g) was spiked with

1000 mg L−1 cyflumetofen acetone stock solution and stirred
for 5 min. The spiked soil was allowed to air-dry (10 min)
until the solvent was completely evaporated, and the final
concentration in the soils was approximately 10 mg kg−1

(dry weight). The water content of the soil samples was then
adjusted to 60% of the field holding capacity (w/w) by adding
deionized water. The soils were incubated at 25 ± 1 °C in the
dark. In the water anaerobic condition, added 2 cm of water on
soils.

Fifty grams of sediment (dry weight) and water were added
to each test chamber, the resulting water/sediment volume
ratio was 4:1, and the sediment layer height was
2.5 ± 0.5 cm. The aerobic and anaerobic sediment/water

Table 1 Properties of cyflumetofen and metabolites

Table 2 Characteristics of soil and water-sediment

Sample Sample type Site pH OMa (%) Clay (%) Sand (%) Silt (%) CECb

(cmol(+)/kg)
Physical clay
content
(<0.01 mm)V%

Soil Sierozem Shanxi 8.12 1.55 5.14 24.34 70.52 19.37 –

Black soil Ha’erbin 7.43 5.14 7.22 21.87 70.91 22.47 –

Krasnozem Changsha 5.44 1.33 3.21 27.43 69.36 11.21 –

Fluvo-aquic soil Langfang 7.51 1.15 3.21 35.56 61.23 12.72 –

Water/sediment Northeast Lake Ha’erbin 7.50 5.24 – – – 27.0 19.52

Paddy field Changsha 5.42 1.33 – – – 14.2 29.28

Reservoir Beijing 7.71 3.22 – – – 15.7 12.10

a Organic matter
b Cation-exchange capacity
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samples were acclimated for 14 days prior to the addition of
the test substance, allowing the sediment conditions such as
pH and redox potential to stabilize. Samples concentration in
water phase was 10 mg kg−1 by adding 1000 mg L−1

cyflumetofen water stock solution with 0.5 % acetone, and
enough oxygen was input to the culture bottles. At the same
time, an experimental systemwithout tested pesticides was set
up as control samples and used for microbial determination in
the sediment and organic carbon in the water after the test. In
order to avoid an adverse effect for the latent solvent on mi-
crobial activity in the test system, two acetone solvent systems
were set up as control samples. Aqueous solution as the con-
trol group, other experimental conditions are consistent, used
to measure of the proportions of hydrolysis and biodegrada-
tion in total degradation of water sediment systems. The incu-
bation chambers were placed in an incubator at 25 ± 1 °C and
60 % humidity. In the anaerobic microcosms, the bottles were
flushed with nitrogen gas to maintain anaerobic conditions.
All tests were conducted in triplicate.

Sampling, extraction, and chromatographic analysis

Soil and sediment samples were sampled at 2 h, 1, 2, 4, 8, 12,
20, 30, 40, 50, and 100 days, extracted using a previously
published method (Li et al. 2013) with minor changes.
Briefly, 5.0 g of the sample was weighed in a 50-mL polypro-
pylene centrifuge tube with a screw cap. Then, the sample was
vortexed for 30 s and allowed to stand for 2 h at room tem-
perature to distribute the pesticide evenly. Afterwards, 5.0 mL
of acetonitrile was added, soils were added 2 mL Milli-Q
water at the same time. The tube was shaken vigorously in a
mechanical shaker for 3 min at 1300 rpm at room temperature
ensuring that the solvent interacted well with the entire sam-
ple. Subsequently, 3.0 g of anhydrous MgSO4 and 1.0 g of
NaCl were added. The tubes were capped and immediately
shaken for 1 min and then centrifuged for 5 min at 2811×g
relative centrifugal force. Next, 1.5 mL of the upper layer
(ACN) was transferred into a single-use centrifuge tube con-
taining 10.0 mg of MWCNTs (< 8 nm) sorbent. The tube was
vortexed for 1 min and centrifuged for 5 min at 2400×g rela-
tive centrifugal force. The resulting supernatant was filtered
through a 0.22-μm nylon syringe filter into an autosampler
vial for UPLC–MS/MS injection.

Chromatographic separation was performed with a Waters
Acquity UPLC binary solvent manager equipped with a
Waters Acquity UPLC BEH C18 column (2.1 × 50 mm,
1.7-μm particle size) (Milford, MA, USA). The mobile phases
were used a previously published method (Li et al. 2013). The
total analysis time was 4.0 min. The column oven temperature
was maintained at 45 ± 1 °C to decrease viscosity, and the
temperature of the sample vial holder was set at 5 °C. A triple

quadrupole (TQD) mass spectrometer (Waters Corp., Milford,
MA, USA) equipped with an ESI source was used to quantify
these compounds. The nebulizer gas was 99.95 % nitrogen,
and the collision gas was 99.99 % argon with a pressure of
3.2 × 10−3 mbar in the T-Wave cell. All MS parameters were
reported in our previous study (Li et al. 2013). MassLynx NT
V.4.1 (Waters, USA) software was used for instrument control
and data acquisition.

Quality control and method validation

In order to keep the quality and representativeness of the sam-
ples, several measures were used in the current study. In nor-
mal operation, soils and water/sediments were collected in
different distinct sites. At least three replicate measurements
were carried out in each sample analysis. Blank samples were
systematically run before each sample analysis. Different
quality parameters (linearity, recoveries, reproducibility, and
sensitivity) were examined to evaluate the developed method.
The linearity of the method was determined by analyzing the
standard solutions and the different matrix-matched standard
solutions in triplicate at seven concentrations, ranging from
0.005 to 2.0 mg kg−1, the correlation coefficients (R2) were
greater than 0.9970. For recovery assays, appropriate volumes
of working standard solutions were added to blank samples.
The spiked levels were 0.05, 0.5, and 2 mg kg−1. In the water,
the average recoveries of cyflumetofen, B-1 and B-3 were
86.5–104.6, 81.8–99.5, and 90.5–104.7 %, the limits of detec-
tion (LODs) were 0.2, 1.0, and 0.3 μg kg−1, the limits of
quantification (LOQs) were 0.6, 3.4, and 1.0 μg kg−1, respec-
tively. In the soil, the average recoveries of cyflumetofen, B-1,
and B-3 were 88.4–101.3, 89.3–106.3, and 90.1–101.1 %, the
limits of detection (LODs) were 0.2, 3.0, and 0.5 μg kg−1, the
limits of quantification (LOQs) were 0.7, 9.8, and 1.6 μg kg−1,
respectively.

Degradation kinetics and correlations

The dissipation of cyflumetofen was fitted to simple first-
order kinetics (Beulke et al. 2000, Xuan-xiang et al. 2014).
The corresponding rate constants, k, and half-lives t1/2 (days)
were calculated according the following equations:

Ct ¼ C0e−kt ð1Þ

t1=2 ¼ ln2=k ð2Þ

In these equations, t is the time elapsed since the pesticide
was applied, Ct is the pesticide concentration at time t, C0 is
the initial pesticide concentration immediately after the
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pesticide was applied (i.e., at t = 0), k is the dissipation coef-
ficient, and t1/2 is the time required for the pesticide concen-
tration to reach half of the initial concentration (He et al. 2015,
Koch et al. 2005).

Correlation analysis between soil properties and degrada-
tion half-lives of cyflumetofen were analyzed using the SAS
software package (ver. 9.2, SAS Institute Inc., Cary, NC).
Significant difference at p < 0.05 between treatments was
tested using a one-way analysis of variance (ANOVA) or t
test.

Results

Degradation of Cyflumetofen in soils

In aerobic environments, the half-lives of cyflumetofen
in black soil, sierozem, krasnozem, and fluvo-aquic soil
were 11.2, 10.3, 12.4, and 11.4 days, respectively.
According to the means, the degradation of cyflumetofen
in these four soils was sierozem > black soil > fluvo-
aquic soil > krasnozem. In water anaerobic conditions,
the half-lives of cyflumetofen in black soil, sierozem,
krasnozem, and fluvo-aquic soil were 13.1, 10.8, 13.9,
and 12.8 days, respectively. The result of the degradation
order was consistent with the aerobic environment, but in
aerobic conditions the degradation rate was faster. The
effects of different conditions and soil types on the
half-lives of cyflumetofen were studied using a one-
way ANOVA test with post hoc comparison (Tukey’s
test). It was shown that the differences in black soil,
krasnozem, and fluvo-aquic soil were extremely signifi-
cant difference (p < 0.05) under aerobic and water an-
aerobic conditions, the differences in sierozem were no
significant difference (p > 0.05). And under the same
conditions, the half-lives of cyflumetofen in the four
soils were no significant difference (p > 0.05). The deg-
radation dynamics of cyflumetofen were shown in
Table 3, and the dissipation and analysis of cyflumetofen
from four types of soil were shown in Fig. 1. According
to Gavrilescu, the persistence of pesticides could be clas-
sified in terms of half-life as non-persistent (half-life
<30 days), moderately persistent (half-life between 30
and 100 days) and persistent (half-life >100 days)
(Gavrilescu 2005). Therefore, the results indicate that
cyflumetofen is a non-persistent pesticide according to
the classification mentioned earlier.

The degradation of the cyflumetofen in soils was mainly
generated two metabolites. For example, in black soil in aer-
obic conditions and anaerobic conditions, the first day B-1
was generated, while, only <0.24 % of B-3 generated at the

same time. With the extension of time, B-1 and B-3 gradually
increased, cyflumetofen reduced gradually, until the degrada-
tion of cyflumetofen was greater than 95 % for 100 days, at
this time > 2.4 % of B-1 and B-3 in the soil. In the aerobic
conditions, B-1 and B-3 were generated faster than in the
anaerobic conditions (Fig. 2a, b).

Degradation of Cyflumetofen in water/sediment systems

In aerobic environment, the half-lives of cyflumetofen in
Northeast Lake, Hunan paddy field, and Beijng
Shangzhuang reservoir were 15.4, 16.9, and 15.1 days,
respectively. In anaerobic conditions, they were 16.5,
17.3, and 16.1 days, respectively. According to the
means, the degradation of cyflumetofen in these three
water/sediment systems was Shangzhuang reservoir >
Northeast Lake > Hunan paddy field. By analyzing the
differences of the half-lives under aerobic and anaerobic
conditions, the difference only in Shangzhuang reservoir
was extremely significant difference (p < 0.05). And un-
der the same conditions, the half-lives of cyflumetofen in
the three water/sediments were also no significant differ-
ence (p > 0.05). The experiment was conducted in dark
conditions, photolysis can be ignored and, therefore, the
degradation was mainly hydrolysis and biodegradation.
The proportion of hydrolysis and biodegradation of the
total degradation of water sediment systems was shown
in Fig. 3. With the extension of incubation, the propor-
tion of hydrolysis was rising gradually. In the Northeast
Lake and Beijng Shangzhuang reservoir water/sediment
systems, it reached the maximum by 12 days. In the
Hunan paddy field, it reached the maximum by 30 days,
before there was a decrease. However, biodegradation is
the main source of pesticide degradation, the proportion
of hydrolysis and biodegradation was evaluated by dif-
ference between the aqueous solution and water/
sediments systems, assuming that biodegradation is
caused by sediments microbes. Under anaerobic condi-
tions, the proportion of biodegradation compared to total
degradation is smaller compared with aerobic conditions.
The proportion of hydrolysis in three water/sediment had
minimal difference.

Similar to soil degradation, in the water sediment systems,
cyflumetofen was transformed to metabolites B-1 and B-3.
For example, in the Northeast Lake of aerobic conditions
and anaerobic conditions, from the first day about 0.24 % of
B-1 and B-3 were generated. With the increasing time, B-1
and B-3 gradually increased, in water mainly produced B-3,
until to 100d there were 2.4–3.1 % of B-1 and B-3 existed.
Under the aerobic conditions, B-1 and B-3 were generated
faster than in the anaerobic conditions (Fig. 2c, d).
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Fig. 1 The dissipation of cyflumetofen from four types of soil and three water/sediment systems (a and bwere in the aerobic conditions, c and dwere in
the anaerobic conditions)

Table 3 The degradation dynamics of cyflumetofen and analysis

Soil
Water-Sediment

Regression
equation

R2 Half-life
(day)

Condifence interval
(95 %)

P t grouping

Black soilb Ct = 3.2767e−0.053× 0.8321 13.1 12.1431–14.5235 0.0280 A

Black soila Ct = 2.4103e−0.062× 0.8401 11.2 10.6381–12.4819 B

Sierozemb Ct = 2.1219e−0.064× 0.8811 10.8 10.5069–10.9333 0.0519 A
A

Sierozema Ct = 2.0062e−0.067× 0.8609 10.3 10.0697–10.4000 A

Krasnozemb Ct = 3.8000e−0.050× 0.8458 13.9 13.4856–14.8478 0.0030 A

Krasnozema Ct = 4.1780e−0.053× 0.8331 12.4 11.9524–13.0076 B

Fluvo-aquic soilb Ct = 3.3726e−0.054× 0.9052 12.8 12.4925–13.7742 0.0028 A

Fluvo-aquic soila Ct = 1.8186e−0.061× 0.8365 11.4 11.0236–12.0164 B

Northeast Lakec Ct = 3.7903e−0.042× 0.8639 16.5 15.0928–17.2405 0.3467 A
A

Northeast Lakea Ct = 3.1979e−0.045× 0.8092 15.4 14.7682–16.4318 A

Paddy fieldc Ct = 5.3292e−0.040× 0.8433 17.3 16.2962–17.9704 0.6092 A
A

Paddy fielda Ct = 6.3211e−0.041× 0.8381 16.9 16.2516–17.5484 A

Reservoirc Ct = 3.3158e−0.043× 0.8836 16.1 15.6495–16.9505 0.0147 A

Reservoira Ct = 5.3127e−0.046× 0.8131 15.1 14.6562–15.6638 B

aAerobic conditions
bWater anaerobic conditions
c Anaerobic bottle conditions
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In brief, B-1 and B-3 accumulate up to 3–5 % of the
parent initial concentration, this level allowing to

consider them as relevant within any risk assessment,
this accumulation resulted from processes of formation

Fig. 2 The formation of main metabolites B-1 and B-3 (a and b were black soil in aerobic conditions and anaerobic conditions, respectively. c and d
were Northeast Lake in aerobic conditions and anaerobic conditions, respectively)

Fig. 3 The proportion of hydrolysis and biodegradation in total degradation of water sediment systems (A, B and C were in the aerobic conditions, a, b
and c were in the anaerobic conditions, A and a were Northeast Lake, B and b were Hunan paddy field, C and c were Beijing Shangzhuang reservoir )
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and degradation and, eventually, the metabolites degrada-
tion was likely to occur as PPDB database and EFSA
indicated that those metabolites presented short half-
lives in soil (around 10 days).

Discussion

The behavior of a pesticide in the environment will be
governed by complex physical, chemical, and biological pro-
cesses, including sorption and desorption, volatilization,
chemical and biological degradation, uptake by plants, surface
runoff, and leaching (Wang et al. 2012). According to the
PPDB, the half-life of cyflumetofen in the soil is 8 days and
EU dossier Lab studies DT50 range 1.5–153.4 days, in our
experiment, the results is reasonable. In the present study,
cyflumetofen degraded faster in soil than in water/sediment
(p < 0.05) and in aerobic conditions than in anaerobic, espe-
cially in black soil, krasnozem, fluvo-aquic and Shangzhuang
reservoir (p < 0.05). Simple correlation between multiple var-
iables analysis between half-life and selected soil properties
indicated that cyflumetofen persistence in the four tested soils
and three water/sediments was inversely connected to organic
matter content, soil pH and cation-exchange capacity, posi-
tively correlated with sand. And there is a strong correlation
between half-life and pH, a weak relationship between half-
life and organic matter content, cation-exchange capacity
(Table 4). As we all know, ester hydrolyzes more thoroughly
under the condition of alkaline, and under the condition of
acid hydrolysis is a reversible process. Cyflumetofen as an
ester, it is clearly that pH effect is significant, and it is also
known in the PPDB database, pH can also effect soil proper-
ties such as electric charge and ionic strength (Clausen
&Fabricius 2001), thereby influencing the degradation rate
of the pesticide (Arias-Estévez et al. 2008). It is generally
accepted that soil-absorbed pesticides are thought to be un-
available for biodegradation (Ogram et al. 1985), as some
studies suggested that compounds which were absorbed could

be degraded by microorganisms (Park et al. 2001, 2002). Soil
organic matter also adsorbs the molecule pesticides, organic
matter content may also accelerate microbial activities
(Getenga et al. 2004, Vidali 2001). But reported previously,
microbial biomass was reduced under acidic pH (Houot et al.
2000). Therefore, these differences in degradation rate could
be explained by the pH difference of the soils and water/
sediments as biotic and abiotic degradations are influenced
by the soil properties, mainly pH, temperature, clay, and or-
ganic matter contents (Salvia et al. 2014). However, no con-
clusion could be drawn and more experiments are required to
understand this phenomenon.

Conclusions

The current work investigated, for the first time, the degrada-
tion of cyflumetofen in four soils and three water/sediment
systems in China under aerobic and anaerobic conditions.
The degradation dynamic of cyflumetofen followed first-
order kinetics. The half-lives of cyflumetofen were <30 days
in the four soils and three water/sediments under aerobic and
anaerobic conditions. And under the different conditions for
the same samples, in the black soil, krasnozem, fluvo-aquic
soil, and Beijng Shangzhuang reservoir, there were significant
differences (p < 0.05). For the metabolites, in soils,
cyflumetofen degraded B-1 and B-3, from the first day
0.24 % B-1 was generated, while, only very low levels of
B-3 generated at the same time. As time increased, B-3 grad-
ually increased, cyflumetofen reduced gradually. Until
100 days, there were about 3.5 % B-1 and B-3 in the soils.
In the water/sediment systems, from the first day, it degraded
into B-1 in the sediment, and in the water mainly degraded
into B-3. In the soil the B-1 and B-3 were generated faster than
in water/sediment. Comprehensive soil and water sediment
degradation behavior research has practical significance when
evaluating its security according to the amount of
cyflumetofen and its metabolites, B-1 and B-3. This research
did not do studies of its metabolites about degradation, and
further research is needed to clear the metabolites metabolic
mechanism in the environmental. To provide the reference for
related research.
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