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assessment of fluopicolide and
cyazofamid in grapes and soil using LC-MS/MS and
modified QuEChERS

Tianheng Xu, Xiaoxiao Feng, Lixiang Pan, Jing Jing and Hongyan Zhang *

The residue behavior of fluopicolide, cyazofamid and their metabolites (M-01, M-02 and CCIM) was

evaluated in open field conditions. The dissipation and terminal residue of these five compounds were

determined via a modified QuEChERS method, by adjusting the liquid chromatography coupled with

tandem mass spectrometry (LC-MS/MS) conditions and optimizing the purification process. This led to

a satisfactory average recovery of between 71.6% and 107.7%, as well as limit of quantitation (LOQ)

values of 0.05 mg kg�1. The dissipation results recorded in two places in China illustrated that the half-

life values of fluopicolide are 11.4 (Anhui, grape), 19.7 (Anhui, soil) and 21.8 (Hebei, grape), 21.2 (Hebei,

soil) days, respectively. As for the dissipation of cyazofamid, it was found to have half-life values of 8.7

(Anhui, grape) and 20.1 (Hebei, grape) days. The final residues in grapes were found to be below the

maximum residue limit (MRL) of 2 mg kg�1 for fluopicolide and 1 mg kg�1 for cyazofamid. Thus,

a preharvest interval of 10 days and recommended MRLs from the Joint FAO/WHO Meeting on Pesticide

Residues (JMPR) are appropriate to ensure the food safety of fluopicolide and cyazofamid in grapes. The

hazard quotient (HQ) and acute hazard index (aHI) values were found to be below 100%, demonstrating

negligible risk in consuming grapes, regardless of long or short-term exposure.
1. Introduction

China is the biggest grape producer in the world, producing nearly
20% of the world's total production.1 Differing from the usage of
grapes in other countries, which is mainly in the fermenting of
wine grapes to wine, the Chinese prefer to consume fresh or dried
grapes, accounting for 83% of the total production.1

However, in grape production there is a contradiction between
progressive growth in cultivation and protection from different
types of plant pathogens, such as grape downy mildew, during the
grape growing period. To protect the interests of farmers, fungi-
cides are used during cultivation.2 A 25% suspension agent (SC),
mainly composed of uopicolide (15%) and cyazofamid (10%), is
to be registered in China for this purpose. Its active ingredients,
uopicolide and cyazofamid, both have advantages in being able
to co-function alongside other fungicides without any cross-resis-
tance.3,4 This means that they can complement one another in
a safe and efficient manner. Fluopicolide, [2,6-dichloro-N-[3-chlor-
5-triuoromethyl-2-pyridine-methyl]-benzamide], is a systemic
fungicide of the novel chemical class of acylpicolide fungicides
that targets oomycetes that cause diseases in a wide range of
crops.5–7 Fluopicolide is registered for use in cabbages, tomatoes,
cucumbers, chilies, potatoes, watermelons and onions.8 According
to biotransformation investigations, 2,6-dichlorobenzamide (M-01
sity, Beijing, 100193, P. R. China. E-mail:

hemistry 2018
or BAM) and 3-chloro-5-(triuoromethyl)pyridine-2-carboxylic acid
(M-02) have been conrmed as residues in plants, although M-01
degrades so fast that the Joint FAO/WHO Meeting on Pesticide
Residues (JMPR) has not yet established a maximum residue level
for it. We considered its detection because it is much more toxic
than uopicolide and other metabolites.7 The other ingredient,
cyazofamid, [4-chloro-2-cyano-N,N-dimethyl-5-(4-methylphenyl)-
1H-imidazole-1-sulfonamide], is a sulfonamide-based fungicide
that was developed by lshihara Sangyo Kaisha Ltd.4 It has been
widely used to control late blight and downy mildew in agriculture
and it has been registered for use in cucumbers, potatoes, grapes
and lychees in China.9The detection of 4-chloro-5-p-tolylimidazole-
2-carbonitrile (CCIM), a major urinary metabolite, is required
under GB 2763-2016, but not in JMPR.10 The structures of the
compounds and metabolites are shown in Fig. 1.

Grape processing techniques, such as drying, washing, peeling,
fermenting and so on, have proven to be useful in reducing
pesticide residues on the surface of the fruit.11 As chemicals can be
easily absorbed into the edible portion of the fruit and the general
public now pay an increasing amount of attention to the toxicity in
agricultural products, especially fresh fruit and vegetables, it is
vital, meaningful and worth paying more attention to the residues
in produce, in this case, uopicolide and cyazofamid. Hence, more
information about pesticide residues has been demanded and
thus, it is signicant to develop an efficient and effective deter-
mination method to monitor uopicolide, cyazofamid and their
metabolites (M-01, M-02 and CCIM) in grapes.
RSC Adv., 2018, 8, 35485–35495 | 35485
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Fig. 1 The chemical structures of (A) fluopicolide, (B) M-01, (C) M-02, (D) cyazofamid and (E) CCIM.
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Up until now, there have been several reports on the deter-
mination of either uopicolide and its metabolites or cyazofa-
mid and its metabolite. Sample pretreatment methods, such as
solid phase extraction (SPE),12–15 disperse solid phase extraction
(d-SPE),16–18 liquid–liquid extraction,19 direct injection20 and gel
permeation chromatography (GPC)19 have been reported. So, it
is feasible to detect both the parent material and metabolites in
different matrices. However, there have been a few studies that
have reported the simultaneous determination of uopicolide,
cyazofamid and their metabolites (M-01, M-02, and CCIM). In
addition, the reported pretreatments are too time-consuming,19

complicated and expensive because of the need for a large
volume of solvent13 and clean-up materials, such as Florisil.14,15

The QuEChERS method was rst reported in 2003.21 The
original study demonstrated that the process requires the use of
less solvent and has better pretreatment efficiency in extracting
pesticide residues in vegetables and fruits. Nowadays, the
QuEChERS method is a basis for method development in
laboratories, via the use of other cleaning agents, other solvents,
and the replacing of GC/MS with LC/MS and HPLC.

The aim of this study was to develop a method based on the
QuEChERS method for analyzing uopicolide, cyazofamid and
their metabolites (M-01, M-02 and CCIM) in grapes and soil.
Meanwhile, the dissipation dynamics and terminal residues of
uopicolide, cyazofamid and their metabolites (M-01, M-02 and
CCIM) in grape and soil samples from Hebei and Anhui prov-
ince, China, were investigated.

2. Experimental
2.1. Materials and methods

2.1.1. Reagents. Fluopicolide (95% purity), cyazofamid
(98.7% purity) and metabolite CCIM (99.48%) were purchased
from BeNa Culture Collection, China. Dr Ehrenstorfer GmbH
supplied one of the analytical standard uopicolide
35486 | RSC Adv., 2018, 8, 35485–35495
metabolites M-01 (99% purity), while Ferrochem Ltd supplied
M-02 (97% purity). HPLC grade acetonitrile was purchased
from Fisher Scientic (Pittsburgh, PA, USA) and ultrapure
water was purchased from Aquapro Ultrapure Water System
(Aquapro International Company LLC, Chongqing, China).
Sinopharm Chemical Reagent Co. Ltd., Shanghai, China,
supplied formic acid (98% purity). Anhydrous magnesium
sulfate (MgSO4) and sodium chloride (NaCl) purchased from
Beijing Reagent Company (Beijing, China) were baked at
110 �C for 8 h before use. The Agela Cleanert C18 sorbent (40–
60 mm) was purchased from Agela Technologies, Tianjin,
China. Aqueous solutions of formic acid were prepared prior
to every sample extraction and chromatographic separation.

2.1.2. Apparatus. A TARGIN VX-III Multi-Tube Vortexer
was used to eddy the CORNING centrifuge tubes in the sample
preparation process, purchased from Haimen Kylin-Bell Lab
Instruments Co., Ltd. Centrifugation for all of the sample
preparation was completed using an RJ-TDL-40B low-speed
desktop centrifuge (8 � 50 mL) purchased from Jiangsu Rui-
jiang Co., Ltd., China, and a TG16MW micro-centrifuge (24 �
2.0 mL) from Hunanherexi Instrument & Equipment Co., Ltd.,
China.

2.1.3. Standard solution preparation. The individual
standard solutions (about 1000 mg L�1) of the ve chemicals
were prepared with acetonitrile by weighing 24.0 mg of uo-
picolide, 22.2 mg of M-01 and 23.5 mg of M-02 and making the
volume up to 25 mL with HPLC grade acetonitrile, while
9.2 mg of cyazofamid and 8.9 mg of CCIM were separately
made up to volumes of 10 mL. The solutions were stored in
a fridge at �20 �C. Standard solutions for spiking and cali-
bration were prepared by diluting individual standard solu-
tions with acetonitrile. As for the calibration solutions, matrix-
matched calibration solutions were prepared by diluting the
standard solutions with blank soil and grape extracts.
This journal is © The Royal Society of Chemistry 2018
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2.2. HPLC-MS/MS analytical conditions

An Agilent 1200 HPLC system equipped with a reversed-phase
column (Athena C18-WP analytical column, 50 mm � 2.1 mm
i.d., 3.0 mm particle size) was used to achieve the separation of
uopicolide, cyazofamid and their metabolites at 30 �C. The
binary mobile phase was composed of HPLC grade methanol
and 0.1% formic acid water (65 : 35, v/v), in isocratic elution
mode. The ow rate and injection volume were set to 0.3
mL min�1 and 5 mL.

As for the MS/MS conditions, a triple-quadrupole mass spec-
trometer (6410 Triple Quad) equipped with an ESI source, was
used to analyze uopicolide, cyazofamid and their metabolites in
positive ionization mode. The gas ow (N2) rate was set to 8.00
L min�1 with a temperature of 350 �C. The capillary voltage used
was 4 kV, and the pressure of the nebulizer was 35 psi. According
to the results recorded in full scan mode, two high response
product ions were set for each compound, for qualication and
quantitation with optimized fragmentor (V) and collision energy
values (V), respectively. The detailed MS/MS parameters of the
ve target compounds are listed in Table 1.

2.3. Field trials

Field experiments were carried out according to NY/T 788-200422

over one year in two places, Hebei Longyao and Anhui Suzhou.
Each experiment consisted of a control and six treatments
reecting the nal residues for the different dosage and dissi-
pation results at the recommended dosage.

The terminal residue trial was implemented with the recom-
mended dosage of 62.5 mg kg�1 and a higher dosage of 93.75 mg
kg�1 (1.5 times the recommended dosage). A 25% SC formula-
tion, in which the active ingredients were 15% uopicolide and
10% cyazofamid, was applied three or four times. Moreover, an
interval of seven days was set both at the low or high level. Each
treatment had three replicate plots. Representative grape and soil
samples were randomly gathered at pre-harvest intervals (PHI) of
7, 10 and 14 days in each plot aer last spraying.

The dissipation residue experiment in the supervised trial
began at a time where the grape was halfway through its
maturity, with a value of 93.75 mg kg�1 (1.5 times the recom-
mended dosage). Each treatment group had three replicate
plots. Representative grape and soil samples were randomly
collected at intervals of 0, 1, 3, 5, 7, 14, 21 and 30 days in each
plot aer last spraying.

Blank control plots were also set as a contrast. All of the
samples were stored at �20 �C for the following analysis.
Table 1 The HPLC-MS/MS parameters of fluopicolide, cyazofamid, M-0

No. Compound tR (min)
Ion transition
(*represents quantication)

1 Fluopicolide 2.37 384.3 172.6*, 145.8
2 Cyazofamid 3.60 325.1 108.1*, 216.1
3 M-01 0.69 190.0 172.8*, 144.9
4 M-02 1.11 226.0 180.0*, 208.1
5 CCIM 2.90 218.1 139.0*, 130.1, 1

This journal is © The Royal Society of Chemistry 2018
2.4. Sample preparation

10 g of thoroughly homogenized grape or soil sample was accu-
rately weighed into a 50 mL centrifuge tube. The QuEChERS
method initially developed for vegetables and fruits involved the
use of plenty of water, so in this study, a modied preparation
method was followed where water was added to the soil or sugar-
laden grape samples to dissolve them into acetonitrile to result in
less of a matrix effect. The grape samples were processed with
5 mL of a 2% aqueous solution of formic acid and 10 mL of
acetonitrile for extraction, while for the soil samples, 10 mL of
a 2.5% aqueous solution of formic acid and 10 mL of a 2.5%
aqueous solution of formic acid and acetonitrile were used. Aer
adding 6 g of anhydrous sodium chloride to ensure separation
between the organic and aqueous phase, the centrifuge tubes
were eddied for 5 min using a multi-tube vortexer to ensure full
interaction between the extraction solvent and sample. The
samples were centrifuged for 5 min at 3800 rpm.

In the clean-up process, 1 mL of supernatant was extracted
according to described procedure and was puried using
200 mg of anhydrous magnesium sulfate for the grape samples
and 100 mg of anhydrous magnesium for the soil samples. The
mixtures were whirled drastically by the vortexer for 30 s. Then,
the acetonitrile layer was ltered through a 0.22 mm lter into
a vial for LC-MS/MS analysis.
2.5. Statistical analysis

The matrix effect is identied as a signal suppression or
enhancement, and it is a major drawback in quantitative analysis
carried out by liquid chromatography-mass spectrometry
(LCMS). Considering its impact on the method parameters,
formula (1) below can be used to calculate the extent of the effect:

ME (%) ¼ (slope matrix/slope solvent) � 100% (1)

Obviously, a value above 100% represents ionization
enhancement, while a value below 100% indicates ionization
suppression.23

The residue levels of uopicolide and cyazofamid in the
grape and soil samples ts the one-exponential kinetics eqn (2):

C ¼ C0e
�kt (2)

and the half-life of the pesticide could be calculated using eqn (3):

T1/2 ¼ (ln 2)/k (3)
1, M-02 and CCIM

Fragmentor (V) Collision energy (V) MRM (+/�)

110 19, 55 +
70 10, 10 +
105 15, 30 +
60 20, 5 +

82.1 120 25, 40, 30 +

RSC Adv., 2018, 8, 35485–35495 | 35487
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Fig. 2 Typical HPLC-MS/MS chromatograms of fluopicolide, M-01, M-02, cyazofamid and CCIM in acetonitrile (concentration of 1 mg L�1).
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where t represents the time (d) since the pesticide was supple-
mented, C represents the concentration (mg kg�1) of the
pesticide residue at a time, t, C0 represents the initial residue
concentration (mg kg�1), k is the degradation rate. T1/2 repre-
sents the time taken for the pesticide residue level to fall to half
35488 | RSC Adv., 2018, 8, 35485–35495
of the initial residue level aer application. The data were
processed using the Systat Sigmaplot v12.5 soware.

Assessment of the dietary exposure and long-term risk of
grape consumption were made using the eqn (4) and (5):24

EDI ¼ STMR � Fi/bw (4)
This journal is © The Royal Society of Chemistry 2018
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HQ ¼ EDI/ADI � 100% (5)

where EDI is the estimated daily intake (mg kg�1 per bw per
day). STMR represents the median residue level (mg kg�1). Fi is
the grape intake weight per day (kg day�1). bw is the average
weight of an adult (kg, which is 60 kg here25), ADI is the
acceptable daily intake (mg kg�1 per day per bw) and HQ is the
hazard quotient. A HQ value of over 100% indicates an unac-
ceptable level of risk, while a value below 100% indicates an
acceptable level of risk.

In addition, the short-term risk assessment was evaluated
using the following eqn (6)26 and (7):27

IESTI ¼ [LP � HR � v]/bw (6)

aHI ¼ ESTI/ARfD � 100% (7)

where ESTI is the estimated short-term daily intake (mg kg�1

per bw per day), U represents the unit weight of the edible
portion of the grape (0.6366 kg here),26 HR is the calculated
highest residue level (mg kg�1), v is the coefficient of varia-
tion for the grape (which is 3 here27), and LP represents the
largest portion of food provided per day (0.3667 kg here).26

When U is higher than LP, eqn (6) is used to calculate the
international estimated short-term intake (IESTI). ARfD is
Fig. 3 (A) Recoveries (n¼ 3) of fluopicolide, M-01, M-02, cyazofamid andCC
Recoveries (n ¼ 3) of fluopicolide, M-01, M-02, cyazofamid and CCIM at 1
(1.5%, 2% and 2.5%). (C) Recoveries (n¼ 3) of fluopicolide, M-01, M-02, cyaz
compositions of sorbents (100 mg of MgSO4, 200 mg of MgSO4, 300 mg o

This journal is © The Royal Society of Chemistry 2018
the acute reference dose (mg kg�1 per bw). An acute hazard
index (aHI) with a value above 100% indicates an unaccept-
able level of risk, while a value below 100% indicates an
acceptable level of risk.

3. Result and discussion
3.1. Optimization of the method

3.1.1. Optimization of the HPLC-MS/MS conditions. As the
mobile phase composition plays an important role in the
retention time, response and peak shape of the HPLC separa-
tion,28 mobile phases of acetonitrile–water (water containing
0.1% formic acid) and methanol–water (water containing 0.1%
formic acid) were tested. Higher responses and sharper peaks
were obtained when a methanol–water mobile phase was used.
According to the data recorded from the testing of different
methanol compositions (90%, 85%, 80%, 75%, 70%, 65%, and
60%) and different ow velocities (0.35, 0.3, and 0.25
mL min�1), a methanol composition of 65% and velocity of 0.3
mL min�1 gave a better performance in terms of a high
response, well-shaped peaks and appropriate retention time.
Representative HPLC-MS/MS chromatograms of uopicolide,
M-01, M-02, cyazofamid and CCIM are shown in Fig. 2.

3.1.2. Optimization of the grape pre-treatment. Because
the grape samples have potential interferences, different
IM at 1mg kg�1 with various volumes of water (0mL, 5mL and 10mL). (B)
mg kg�1 with various concentrations of aqueous solutions of formic acid
ofamid and CCIM at 1 mg kg�1 purified from a grape matrix using different
f MgSO4, 100 mg of MgSO4 with 50 mg of C18, and 50 mg of C18).

RSC Adv., 2018, 8, 35485–35495 | 35489
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solvent and sorbents were tested to achieve the best extraction
and purication effects.23 According to our previous literature
searches and considering molecule structure analysis, M-02 is
an acidic compound. Due to this, PSA was not considered when
choosing a sorbent.

To investigate the extraction efficiency, studies were carried
out on pesticide recoveries using grape samples spiked with
target pesticides at 1 mg kg�1 (n ¼ 3). Spiked samples were
extracted using different volumes of acetonitrile, water and
formic acid. 10 mL of acetonitrile containing different volumes
of water (0, 5, and 10 mL) was tested. As can be seen in Fig. 3A,
compared to the samples containing no added water, the
addition of 5 mL of water leads to a lower deviation and higher
response for cyazofamid. With respect to adding 10mL of water,
this process results in a recovery of above 120%. On the basis of
adding 5 mL of water, different concentrations of formic acid in
water were tested. A 2% aqueous solution of formic acid was
selected for further study. The results are illustrated in Fig. 3B.

With respect to the cleanup efficiency, the grape samples were
spiked with the target pesticides at 1 mg kg�1 (n ¼ 3) to study the
pesticide recoveries. Then a diverse range of sorbent compositions
(100mg of MgSO4, 100mg of MgSO4 with 50mg of C18, and 50mg
of C18) were tested. The addition of C18 was observed to make no
difference compared with the results from adding only 100 mg of
MgSO4. Taking efficiency and economy into consideration, it is
more reasonable to choose MgSO4 as a sorbent, so 100 mg of
MgSO4, 200 mg of MgSO4 and 300 mg of MgSO4 were tested. The
Fig. 4 (A) Recoveries (n¼ 3) of fluopicolide, M-01, M-02, cyazofamid and
formic acid (0%, 2%, 2.5%, and 3%). (B) Recoveries (n¼ 3) of fluopicolide, M
sorbent compositions (100 mg of MgSO4, 200 mg of MgSO4, 300 mg o

35490 | RSC Adv., 2018, 8, 35485–35495
use of 200 mg of MgSO4 resulted in sharper peaks, and better
recovery and precision. The results are shown in Fig. 3C.

3.1.3. Optimization of the soil pre-treatment. Water was
found to be necessary for the extraction of the residues in soil
samples. The same as the optimization of the grape samples, we
altered the concentrations of formic acid in both water and
acetonitrile, and also the amount of MgSO4 used. Finally, 2.5%
formic acid in both water and acetonitrile and 100 mg of MgSO4

were selected as the conditions. The results are shown in Fig. 4.
3.1.4. Method validation. Matrix-matched calibration

curves were drawn by taking the peak area as the y-axis and
plotting it against the compound concentrations (x) for seven
different groups of data. The data were found to have a good
linear t, with a value of R2 > 0.99 (n ¼ 3).

The limit of detection (LOD), producing a signal-to-noise ratio
of three, was calculated by the lowest concentration. The lowest
spiked concentration level of the compounds was set as the limit
of quantication (LOQ).29 The corresponding LODs in grape and
soil samples that t the legal recommendations are listed in
Table 2. MEs were also calculated and are presented in the table,
and it can be seen that the grape samples have lowerMEs, both in
ionization suppression or enhancement, aer processing.

In order to test and conrm the accuracy and precision of the
method, recovery experiments of the ve compounds in two
matrices were processed at four spiking concentration levels
with ve replicates. The results are shown in Table 2, and reect
the precision and accuracy of the method.30 Representative
CCIM at 1 mg kg�1 with various concentrations of aqueous solutions of
-01, M-02, cyazofamid and CCIM at 1 mg kg�1, purified using different
f MgSO4, 100 mg of MgSO4 with 50 mg of C18, and 50 mg of C18).

This journal is © The Royal Society of Chemistry 2018

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra06956e


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
O

ct
ob

er
 2

01
8.

 D
ow

nl
oa

de
d 

on
 3

/1
4/

20
26

 1
:2

7:
54

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
HPLC-MS/MS graphs of uopicolide, cyazofamid and their
metabolites (M-01, M-02, CCIM) in matrix standards are shown
in Fig. 2.
3.2. Data analysis

3.2.1. Terminal residue of uopicolide and cyazofamid
in grape and soil samples. Pesticide residues in samples (grape
Table 2 Average recoveries (%, n ¼ 5), calibration curves (n ¼ 3), determ
M-01, M-02, cyazofamid and CCIM in grape and soil samples

Matrix
Spiked level
(mg kg�1)

Av. recovery
� SD (%)

Linearity range
(mg L�1)

Grape Fluopicolide
0.05 100 � 2.6 0.01–5
0.1 98 � 6.3
1 103 � 3.9
2 98 � 3.3
M-01
0.05 99 � 0.7 0.01–5
0.1 98 � 0.5
1 100 � 1.0
2 102 � 2.9
M-02
0.05 95 � 2.5 0.01–5
0.1 85 � 3.1
1 99 � 3.1
2 99 � 3.9
Cyazofamid
0.05 98 � 1.3 0.01–5
0.1 96 � 3.1
1 105 � 4.3
2 107 � 0.8
CCIM
0.05 100 � 1.4 0.01–5
0.1 100 � 0.5
1 102 � 1.4
2 106 � 0.9

Soil Fluopicolide
0.05 100 � 1.8 0.01–5
0.1 100 � 3.9
1 105 � 3.6
2 107 � 2.4
M-01
0.05 100 � 4.6 0.01–5
0.1 100 � 4.7
1 74 � 1.7
2 96 � 11.0
M-02
0.05 77 � 3.3 0.01–5
0.1 78 � 4.0
1 72 � 1.9
2 72 � 2.3
Cyazofamid
0.05 104 � 1.1 0.01–5
0.1 104 � 1.2
1 105 � 4.2
2 108 � 1.2
CCIM
0.05 103 � 4.6 0.01–5
0.1 100 � 1.6
1 102 � 4.1
2 105 � 0.8

This journal is © The Royal Society of Chemistry 2018
and soil) from supervised elds in Hebei Longyao and Anhui
Suzhou were analyzed using the developedmethod. The terminal
residue results are listed in Table 3 and 4. The residue results of
M-01, M-02 and CCIM were found to be below the LOQs. No
matter what dosage conditions and internal samples were are
sprayed in, the uopicolide and cyazofamid residues in soil and
grapes from these two provinces were found to be lower than the
MRLs (2 mg kg�1 for uopicolide and 1 mg kg�1 for cyazofamid).
ination coefficients (R2), LODs and matrix effects (ME) for fluopicolide,

Calibration curve R2 LOD (mg kg�1) ME (%)

y ¼ 2453.9x + 88.412 0.9973 0.01 103

y ¼ 19584x � 105.92 0.9999 0.002 68

y ¼ 25627x + 529.32 0.9996 0.003 102

y ¼ 136731x + 5680.3 0.9991 0.001 104

y ¼ 66795x + 3361.3 0.9984 0.002 103

y ¼ 2151.7x + 154.96 0.9982 0.01 112

y¼ 20817x + 818.79 0.9984 0.01 77

y¼ 24239x + 729.53 0.999 0.007 161

y¼137573x+5690.5 0.9989 0.001 115

y¼ 65139x + 4152.6 0.9975 0.002 107

RSC Adv., 2018, 8, 35485–35495 | 35491
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Table 3 Terminal residues of fluopicolide, cyazofamid and their metabolites in grapes in supervised field trials (2017) in (A) Hebei and (B) Anhui

Sample Dosage (mg kg�1) Spray times PHI (day)

Residue (mg kg�1)

Fluopicolide M-01 M-02 Cyazofamid CCIM

Grape (A) 62.5 3 7 0.091 <0.05 <0.05 0.077 <0.05
10 0.20 <0.05 <0.05 0.15 <0.05
14 0.13 <0.05 <0.05 0.083 <0.05

4 7 0.26 <0.05 <0.05 0.18 <0.05
10 0.27 <0.05 <0.05 0.22 <0.05
14 0.26 <0.05 <0.05 0.18 <0.05

93.75 3 7 0.17 <0.05 <0.05 0.12 <0.05
10 0.47 <0.05 <0.05 0.40 <0.05
14 0.19 <0.05 <0.05 0.15 <0.05

4 7 0.19 <0.05 <0.05 0.15 <0.05
10 0.69 <0.05 <0.05 0.52 <0.05
14 0.29 <0.05 <0.05 0.22 <0.05

Grape (B) 62.5 3 7 0.16 <0.05 <0.05 0.11 <0.05
10 0.088 <0.05 <0.05 0.051 <0.05
14 0.095 <0.05 <0.05 0.050 <0.05

4 7 0.14 <0.05 <0.05 0.080 <0.05
10 0.21 <0.05 <0.05 0.096 <0.05
14 0.18 <0.05 <0.05 0.13 <0.05

93.75 3 7 0.21 <0.05 <0.05 0.14 <0.05
10 0.24 <0.05 <0.05 0.20 <0.05
14 0.18 <0.05 <0.05 0.18 <0.05

4 7 0.21 <0.05 <0.05 0.12 <0.05
10 0.35 <0.05 <0.05 0.24 <0.05
14 0.37 <0.05 <0.05 0.19 <0.05
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Aer valuing the results of the terminal residues and refer-
encing the MRLs established by JMPR,7,10 a dosage of 62.5–
93.75 mg kg�1 and a harvest interval of 10 days was found to be
Table 4 Terminal residues of fluopicolide, cyazofamid and their metabo

Sample Dosage (mg kg�1) Spray times PHI (day)

Soil (A) 62.5 3 7
10
14

4 7
10
14

93.75 3 7
10
14

4 7
10
14

Soil (B) 62.5 3 7
10
14

4 7
10
14

93.75 3 7
10
14

4 7
10
14

35492 | RSC Adv., 2018, 8, 35485–35495
suitable for a combined 25% SC formulation of uopicolide and
cyazofamid to be applied on grapes.

3.2.2. Dissipation of uopicolide and cyazofamid in grape
and soil samples. Details of the dissipation residue results are
lites in soil in supervised field trials (2017) in (A) Hebei and (B) Anhui

Residue (mg kg�1)

Fluopicolide M-01 M-02 Cyazofamid CCIM

0.079 <0.05 <0.05 <0.05 <0.05
0.079 <0.05 <0.05 <0.05 <0.05
0.26 <0.05 <0.05 0.064 <0.05

<0.05 <0.05 <0.05 <0.05 <0.05
0.10 <0.05 <0.05 <0.05 <0.05

<0.05 <0.05 <0.05 <0.05 <0.05
0.15 <0.05 <0.05 0.063 <0.05
0.37 <0.05 <0.05 0.125 <0.05
0.069 <0.05 <0.05 <0.05 <0.05
0.28 <0.05 <0.05 0.092 <0.05
0.32 <0.05 <0.05 0.092 <0.05
0.22 <0.05 <0.05 0.066 <0.05
0.11 <0.05 <0.05 0.11 <0.05
0.135 <0.05 <0.05 0.051 <0.05
0.134 <0.05 <0.05 0.050 <0.05
0.092 <0.05 <0.05 0.080 <0.05
0.17 <0.05 <0.05 0.096 <0.05
0.11 <0.05 <0.05 0.13 <0.05

<0.05 <0.05 <0.05 0.14 <0.05
<0.05 <0.05 <0.05 0.20 <0.05
0.06 <0.05 <0.05 0.18 <0.05
0.17 <0.05 <0.05 0.12 <0.05
0.12 <0.05 <0.05 0.24 <0.05
0.13 <0.05 <0.05 0.19 <0.05

This journal is © The Royal Society of Chemistry 2018
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Table 5 Dissipation of fluopicolide and cyazofamid in soil and grapes
in supervised field trials (2017)

Sample PHI (day)

Residue (mg kg�1)

Fluopicolide Cyazofamid

Hebei Anhui Hebei Anhui

Grapes 0 0.25 1.06 0.22 0.74
1 0.19 0.53 0.13 0.36
3 0.27 0.78 0.21 0.53
5 0.12 0.64 0.09 0.43
7 0.10 0.19 0.07 0.12
14 0.12 0.52 0.08 0.32
21 0.14 0.39 0.09 0.22
30 0.09 0.11 0.05 <0.05

Soil 0 0.21 0.20 0.15 0.12
1 0.18 0.17 0.42 0.08
3 0.14 0.13 0.17 <0.05
5 0.18 0.17 <0.05 <0.05
7 0.18 0.17 0.09 <0.05
14 0.18 0.17 <0.05 <0.05
21 0.10 0.10 <0.05 <0.05
30 0.07 0.06 <0.05 <0.05
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shown in Table 5, Fig. 5 and 6 show the dissipation trends of
uopicolide and cyazofamid in grapes as well as soil.

The dissipation of uopicolide gives the equations C ¼
0.9889e�0.0605t (Anhui, grapes), C¼ 0.1959e�0.0351t (Anhui, soil),
C ¼ 0.1765e�0.0318t (Hebei, grapes), and C ¼ 0.2128e�0.0327t

(Hebei, soil) with correlation coefficients (R) of 0.9666, 0.9847,
0.7325, and 0.9430 and half-lives of 11.4, 19.7, 21.8, and 21.2
days, respectively. The dissipation of cyazofamid gives the
equations C ¼ 0.7134e�0.0799t (Anhui, grapes) and C ¼
0.1285e�0.0344t (Hebei, grapes) with correlation coefficients (R)
of 0.9679 and 0.6903, and half-lives of 8.7 and 20.1 days,
respectively. Most of the residue data for cyazofamid in soil is
lower than the LOQ values for this method, two points cannot
precisely trace the dissipation line.

Supervised eld trials of uopicolide on tomatoes have been
previously carried out.16 Sahoo et al.16 found residues of uo-
picolide with values of 93.75 and 187.50 g a.i. ha�1. Aer 5 days,
the residues were 0.07 and 0.15 mg kg�1 and uopicolide was
found to have dissipated below the LOD of 0.01 mg kg�1 in 7
and 10 days for single and double dosages. The half-lives were
2.58 and 2.31 days, respectively, far less than grapes in Suzhou
Fig. 5 Dissipation of fluopicolide and cyazofamid in grapes and soil in A

This journal is © The Royal Society of Chemistry 2018
and Longyao. However, they did not monitor the M-01 andM-02
residues.

As for cyazofamid, there have been reports on both tomatoes
and soil.18 Cyazofamid was found to dissipate slowly in toma-
toes within 5 days aer application, and the half-life of cyazo-
famid dissipation in tomatoes in ZJ and HN were found to be
12.2 and 18.3 days, longer than that in Longyao but shorter than
that in Suzhou. Their LOQ for CCIM was 0.01 mg kg�1 and most
of their results were lower than the LOQ, which ts the research
results for CCIM in this study.

The initial concentrations of cyazofamid in grapes were 0.74
and 0.22 mg kg�1 in Anhui and Hebei, and 0.12 and 0.15 mg
kg�1 in soil. As for uopicolide, the initial concentrations in
grapes were 1.06 and 0.25 mg kg�1 in Anhui and Hebei, and 0.2
and 0.21 mg kg�1 in soil. The difference in the concentrations
between the grape samples from the two places may be a result
of the grape planting density, weather conditions and method
of application.

As for the differences in the half-life, both cyazofamid and
uopicolide were found to degrade more quickly in Anhui than
in Hebei, in around half the half-life of that of the Hebei
samples. The different environmental conditions should be
taken into consideration, such as temperature, humidity,
amount of sunlight, etc.31 The weather history was taken from
an internet source and used to construct a plot, which is shown
in Fig. 7. It can be seen that the temperatures in these two
places are roughly the same, but that there is more probability
of rainfall in Suzhou. It makes sense that high humidity speeds
up the degradation of the pesticide.

High-community half-lives in the soil in these places are
caused by the texture of the soil. It was found that the soil in
these two places was clay. The soil in Suzhou was found to have
a higher viscosity, which means that it can resist leaching and
well retain the compounds. This may explain why Suzhou has
more rainfall, but the soil there has a similar half-life to that in
Longyao.

3.2.3. Health risk assessment. According to the GAPs (good
agricultural practice) data of the European Union, Canada and
the USA, a MRL for uopicolide in grapes of 2 mg kg�1 was
agreed upon in 2009.7 TheMRL for cyazofamid in grapes is 1 mg
kg�1.10 Although, even if there is low toxicity and low residues of
uopicolide and cyazofamid in grapes and soil, it does not
mean that there is no risk to the human body. Intake risks of
nhui Suzhou.

RSC Adv., 2018, 8, 35485–35495 | 35493
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Fig. 7 Temperature and precipitation conditions in Anhui Suzhou and
Hebei Longyao.

Fig. 6 Dissipation of fluopicolide and cyazofamid in grapes and soil in Hebei Longyao.
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uopicolide and cyazofamid in grapes were assessed in this
study.

For long-term risk assessment of cyazofamid, the ADI value
is 0.2 mg kg�1 bw, and the ARfD is thought to be unnecessary,
according to JMPR.10 When the concentration of the metabolite
is lower than the LOQ, the LOQ was used to calculate the STMR
and HR, so the STMR of cyazofamid in grapes was found to be
0.20 mg kg�1 from the data of the supervised experiments. As
the daily grape intake is 0.046 kg per day,27 the HQ of cyazofa-
mid was calculated as 0.077% using formulas (4) and (5). The
HQ was below 100%, indicating that there is little risk for the
grape intake.

In terms of the risk assessment of uopicolide, the ADI is
0.08 mg kg�1 bw, and the ARfD is 0.6 mg kg�1 bw for women of
childbearing age. The STMR and HR of uopicolide in grapes
were found to be 0.30 and 0.79 mg kg�1, respectively. The
calculated HQ value of uopicolide was 2.875%, and the
calculated aHI value of uopicolide was 2.414% using formulas
(6) and (7). Both the HQ and aHI values were below 100%,
indicating that there is little chronic and acute risk in
consuming grapes.
4. Conclusion

A QuEChERS method using LC-MS/MS was developed and
veried to estimate the residue levels of uopicolide, cyazofa-
mid and their metabolites in grape and soil samples. The
dissipation and nal residues in a grape eld ecosystem were
studied by means of this developed method. The half-lives of
uopicolide were found to be 11.4 (Anhui, grapes), 19.7 (Anhui,
35494 | RSC Adv., 2018, 8, 35485–35495
soil), 21.8 (Hebei, grapes), and 21.2 days (Hebei, soil), respec-
tively. The dissipation of cyazofamid could be described using
rst-order equations and was found to have half-lives of 8.7
(Anhui, grape) and 20.1 days (Hebei, grape), respectively. The
differences in the degradation of the pesticides in the samples
in Anhui and Hebei were claried, and it was illustrated that the
degradation of both uopicolide and cyazofamid in grapes in
Anhui was quicker than in Hebei. The nal grape residues were
below the MRL established by the JMPR and China at PHIs of 7,
10 and 14 days. Thus, a PHI of 10 days and a MRL of 2.0 mg kg�1

for uopicolide and 1 mg kg�1 for cyazofamid are appropriate
for ensuring food safety. A long-term and short-term risk
assessment was also carried out. A HQ value of 0.077% was
determined for cyazofamid and 2.875% for uopicolide, and
the aHI of uopicolide was found to be 2.414%, values which
are obviously below 100% and imply that the use of cyazofamid
and uopicolide in grapes at the recommended dosage poses
a low risk to human health.
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