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Abstract: The study established an ultra-performance liquid chromatography-tandem mass spectrometry technique for
the simultaneous determination of six methoxyacrylate fungicides to clarify the possible cumulative dietary intake risk
of methoxyacrylate fungicides in fresh mango. The Monte Carlo simulation and relative potency factor methods were
employed to assess the cumulative risk of acute and chronic exposure to strobilurin intake from mango consumption in
the targeted populations. In 126 mango samples from Hainan, Guangxi and Yunnan, 3 of 6 methoxyacrylate fungicide
were detected. The detection rate of pyraclostrobin, azoxystrobinthe and kresoxim-methyl was 31%, 37% and 14% re-
spectively. Picoxystrobin,trifloxystrobin and fluoxastrobin in mango samples were not detected. The ratio of meth-
oxyacrylate fungicide found in a mango sample was 22%. The ratio of 2 and 3 kinds methoxyacrylate fungicides found
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in a mango sample was 22% and 5%. The most common co-occurrence of methoxyacrylate fungicides was pyraclos-

trobin and azoxystrobin. The results of dietary risk assessment showed that the risk of residual methoxyacrylate fungi-
cides in mango ranged between 0.1% and 10.2% for acute dietary exposure and between 0.1% and 1.2% for chronic
dietary exposure. The exposure was far below the thresholds of dietary risk. The study showed that the cumulative

chronic and acute dietary exposure risk of methoxyacrylate fungicide residues in mango are within an acceptable range
and do not pose an unacceptable risk to the health of the targeted population.
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R AW, FEIR 1.2.1 B - T AT AL B,
FEANMRBESFATIE 3 0K, T3 [ iR R AR X
FRUEDR 25

(3) MERLBHN . HARE a0 e 11k
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Tab. 1 RPF for methoxyacrylate fungicides based on relative cRfD
gz AfIRE BRI S b gpen RESETHE e mem
Pesticide NOAEL Study and observation end points Animal cRfD RPF
/(mg-kg'-d™h ¥ P /(mg-kg'-dh
Tk P41 1k 36.00°0 Ak PR R R B AR L KE 0.360 0.1
W T 18.0M1¢ T M R A A B R, AR KER 0.180 0.2
I 14 i 9 i 3.407 SO BUEE . REBE AR E R E R, BNVEEAMmES KRR 0.034 1.0°
WE 42 b 4.6 1Bk RE . RN E MY A AL b1} 0.046 0.7
Ji i 38 e PR LRI . BRI B g R KR 0.038 0.9
ELi]
SRR T i LSCO g, (R ATANM KL R A AL, R 0.015 23
T A W 1R A T v

e SRR A,

Note: " indicates the indicating compound.
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Tab. 2 RPF for methoxyacrylate fungicides based on relative aRfD
ke AESIRRAERA IR BFIC R b gipen SHEEERE e
Pesticide NOAEL or LOAEL Study and observation end points Animal ARD ¥ RPF
fmg-kg ) Y P fmg-kg )
i T P NOAEL=146!"" 90 d FEbk . RS v A B KT = K - -
2 A i LOAEL=200"" LM, B 20 ERE K 0.67 45
TFk A T T T NOAEL=300!"! ARt 7F 1000 mg/ke KA EEHRE  kF 3.00 1.0°
B, B T b
WE 4 14 g LOAEL=200"* SN RO EREMEEE ) KR 0.20 15.0
TR, MEPEFRBUCA U SIAT AR, BeAh, Btk
PR A 8 s % LA K B R A R
Ji5 P g NOAEL=250!"" SMERHE: MILEHEIES M i 2.50 1.2
P8 TR 1 Jei0 _ _ _

TE: —RATEER; RAEREEY.
Note: — indicates no data; * indicates the indicating compound.
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e, mZGHE AR AR P50, P95, P97.5.
P99 il P99.9 FEFEHAY 95%E {5 X 8]0, KL,
AR th B AR R LA 0.5 F5 4 ) FR( limit of detection,
LOD ) fE R EAR . TH R FRAE R 6 M8 T S8,
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Tab. 3 Average consumption and acute exposure con-
sumption of mangoes among different populations in China

w oppny CTIERE PR TREDT SN TR
A MR ) .
Age  Gender Average body Mean consumption P97.5 consumption
g weight/kg Ng'kg'-d™ Ng'kg'-d™h

5% B 18.7 0.8062 1.1494

‘e 17.9 0.8062 1.1494
6~14 L 38.6 1.0717 2.2870
% i@ 36.0 0.4962 0.6485
15~49 H 68.0 0.3819 0.5819
¥ I 55.6 0.7443 1.4652
50~74 B 69.3 0.4263 0.6254
4 & 60.1 0.7051 1.7182
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WA, 6 FREE R B3 I RAE 90%~
120%Z 18], AHXIbRifEd 250 4%~11% (n=3)
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5 nglkgo TR 6 Fi I SN A R IR 2R B R Y
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2 HERE5HH
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Tab. 4 Addition recovery and matrix effect of methoxyacrylate fungicides in mangoe

. 10 pg-kg 20 pgkg™ 50 pg-kg
peﬁfﬁde -3 [l BN -4 [l i BN -3 [l i BN
Average recovery/% ME/% Average recovery/% ME/% Average recovery/% ME/%
Tk TR g 11745.5 -50.1 115+2.5 -54.7 108+14.5 0.1
W T TR 120+7.7 —48.5 11545.8 -533 102+1.5 3.9
L M8 Pk 7 P 99+21.4 14.2 96=+1.1 -25.6 10742.5 20.8
WE 4 T 1 120+3.5 -54.6 115+1.9 -54.8 109+14.7 0.3
5 113+11.4 -29.4 111£2.6 —44.1 107+12.9 12.4
9 TR 1 117+4.2 -53.6 11745.7 -57.0 120+4.1 2.8
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NI ok BT 6 . % R T A ok B 19 119 ADI 4351y
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(£ 7) o RHAARFAERE ., AR K12
R RERED P97.5 HEXNEREEY (I
MERETA TR ) 1 ADLfEITF RS S B R ERR, A~
KR 20k R R R R0 P99 {5 5 XN 45781k
Y (nEPREEEEE ) ) ARID {HiTA 2t e R
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R TE S Rrh i 20 R B R YN T
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Tab. 5 Chronic cumulative exposure in different ages and gender groups

AR
Age

Gender

ezl

H P (95%E 51X [H] ) Percentile value (95% confidence interval)/(x10° mg-kg™' d™")

P50

P90

P95

P97.5

P99

3~5 %

6~14 %

15~49 %

50~74 %

OB R B R E X E

3.76 (0.04~7.49)
1.00 (0.01~1.99)
1.31 (0.01~2.62)

0.34 (0.004~0.67)

0.27 (0.002~0.53)

0.33 (0.004~0.65)

0.29 (0.002~0.58)

0.29 (0.004~0.57)

3.83 (0.17~7.49)
4.07 (0.30~7.83)
2.47 (0.11~4.83)
1.23 (0.05~2.40)
0.50 (0.02~0.98)
1.20 (0.05~2.33)
1.03 (0.01~2.04)
1.04 (0.05~2.04)

3.89 (0.29~7.49)
4.08 (0.32~7.83)
2.47 (0.11~4.83)
1.25 (0.10~2.40)
0.51 (0.04~0.98)
1.21 (0.09~2.33)
0.56 (0.04~1.07)
1.06 (0.08~2.04)

3.89 (0.29~7.49)
4.08 (0.32~7.83)
2.47 (0.11~4.83)
1.25 (0.10~2.40)
0.51 (0.04~0.98)
1.21 (0.09~2.33)
0.56 (0.05~1.07)
1.06 (0.08~2.04)

3.89 (0.29~7.49)
4.08 (0.32~7.83)
2.47 (0.11~4.83)
1.25 (0.10~2.40)
0.51 (0.04~0.98)
1.21 (0.09~2.33)
0.56 (0.04~1.07)
1.06 (0.08~2.04)
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Tab. 6 Acute cumulative exposure in different ages and gender groups

i
Age

Gender

5

HAONE (95%E 15X [A] ) Percentile value (95% confidence interval)/(x10° mg-kg ™' d™")

P50

P90

P95

P97.5

P99

3~5 %

6~14 %

15~49 %

50~74 %

XOE R E Y E R W

1.59 (0.17~3.00)
1.51 (0.19~2.83)
1.40 (0.18~2.61)
0.46 (0.06~0.85)
0.18 (0.03~0.33)
0.55 (0.08~1.01)
0.24 (0.07~0.40)
0.71 (0.08~1.35)

7.26 (0.89~13.62)
6.05 (0.93~11.16)
5.62 (0.94~10.30)
1.67 (0.18~3.13)
0.82 (0.15~1.49)
2.50 (0.42~4.58)
0.86 (0.16~1.57)
2.69 (0.41~4.97)

7.88 (2.14~13.62)
6.70 (2.24~11.16)
6.18 (2.06~10.30)
1.77 (0.40~3.13)
0.85 (0.21~1.49)
2.62 (0.65~4.58)
0.94 (0.31~1.57)
2.80 (0.63~4.97)

7.99 (2.35~13.62)
8.04 (2.46~13.62)
6.46 (2.61~10.30)
1.88 (0.63~3.13)
0.94 (0.38~1.49)
2.75 (0.92~4.58)
0.94 (0.31~1.57)
2.98 (0.99~4.97)

7.99 (2.35~13.62)
8.04 (2.46~13.62)
6.46 (2.61~10.30)
1.88 (0.63~3.13)
0.94 (0.38~1.49)
2.75 (0.92~4.58)
0.94 (0.31~1.57)
2.98 (0.99~4.97)
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Tab. 7 Results of risk assessment of acute and chronic
dietary exposure in different age and gender groups

Ak XU T M XURS: 7
(95%%E {5 X [a] ) (95% {7 X [H] )
%ARTD (95% %ADI (95%
confidence interval)  confidence interval)

AFY el
Age Gender

35 % 7 1.2 (0.4~2.0) 9.7 (0.7~18.7)
4@ 1.2 (0.4~2.0) 10.2 (0.8~19.6)
614 % 5 1.0 (0.4~1.5) 6.2 (0.3~12.1)
4@ 0.3 (0.1~0.5) 3.1 (0.2~6.0)
15-49 % 5 0.2 (0.1~0.2) 1.3 (0.1~2.5)
4@ 0.4 (0.1~0.7) 3.0 (0.2~5.8)
S0~74 % 0.1 (0.05~0.20) 1.4 (0.1~2.7)
4@ 0.4 (0.1~0.7) 1.2 (0.2~5.1)
3 i

AW R E ST T R RO AR 1 - I T
i (UPLC-MS/MS) 1) 6 Ff & JE I R iR 25 4%
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P B S R A8 B 8 XU

FREAATAE LI, 126 1 S RE S RS
N A T T i O R R T AT 3 RPOR R, Hidp
ML e ik A1 T 5 o TR R ) LB B R R R, 5
SRR — 50, 2 bR T A A Y A
5 A AR E B AR VI G, R ThER A
B ™ (http://www.icama.org.cn ) Zic5flk,
b AL BRI ) I Pk PR B S A, e R
22 Ff( 5 20 Ff Ay s A TR AR Tk HY BRI A D ),
JVE P KR A o, Tk AR i T T R R R R A
FIMEFR A B35 42.55%H1 36.17%1, T 4] 314 A i 6
UE 5L, it i ik B R RN W B R Y 2 3 30 0 B oA
8.0~12.0 d 1 5.8~8.8 d, N Mk ik BF < F 455
WG IN T AR B AR . AN, Az RO SE S I
FEAEGUE SR FE N na ik A 7 R s TR TR 6 46 it
FEm

FEVEAR T T I, AR B RSB AR
75 TR P 215 2% T R0 6 2 R v iy SRR B 1 XU 2R A 7
AL, W #HENESH R E (reference dose ) KA
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WA SLPr R R, NSO 7 orse
2%,

AR FRAMAFTE— PR — AR IE TR
KB BTN TR B X R B s, AT RE
g il ZROGTAN R — R R R,
1M EFSA #8058 38 KU PEAl I I8 25 BT AT B R T
S B RARRY SRR AR A R A ($%
M GB 2763—2021 B5K ), [HELPREJHEAL (SR
) FREA R RE AR DU TH 2 AU (ORI T
JMPR ( Joint FAO/WHO Meeting on Pesticide
Residues ) Hr[E X A7, #E RV R R o
XL R AT e S BT 25 R — e 25, Je4k
TN e DU 5T A T RCE,
A ZEYRIER ST RERA, JFRRA/2R
B B RH GRS, I8 T 42 T AV 9% B R0aE I

S % 3Lk

T, k. FETE R SRIAR ST B R X SRR FE(T].
TR R E AR (), 2021, 15(5): 65-69.

DING L, ZHANG Y. China’s mango industry development
situation and countermeasures[J]. Journal of Yunnan Agri-
cultural University (Social Science), 2021, 15(5): 65-69. (in
Chinese)

AR, TRREW], 223, BOKAR, SROr T, BRI, 450,
FEBUE. TP SR UE R A T BLAN B IR BUIR A A 5 4y
i3], B VES2E4R, 2020, 41(5): 994-1000.

HAN D Y, XING C M, LI L, CHEN Y S, ZHANG F P,
CHENIJY,NIUL M, FUY G. Investigation and analysis on

(1]

(2]

the occurrence and current control status of mango diseases
and insect pests in Guangxi[J]. Chinese Journal of Tropical
Crops, 2020, 41(5): 994-1000. (in Chinese)

FUH, MRS . WA PR RIS A5 D R A T R i
OLICHITSE R EA[T]. BUAARZY, 2016, 15(6): 1-8.

YAN M, BAI'Y L. Market overview and prospect outlook on

(3]

four fungicide sectors including methoxyacrylates[J]. Mod-
ern Agrochemicals, 2016, 15(6): 1-8. (in Chinese)
BT, WL, K, T, BIERL 4 FhH SRR

T2 A% TR AS [RD 50 280 B e S P HERUNE [T, AR5

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

FH2EAR, 2016, 11(6): 242-251.

JIA W, JIANG HY, ZHANG L, ZHANG Y N, MIAO L G.
Acute toxicity of different formulation of strobilurin fungi-
cides to the zebrafish (Brachydonio rerio)[J]. Asian Journal
of Ecotoxicology, 2016, 11(6): 242-251. (in Chinese)
ZHANGC,ZHOUTT,XU Y Q,DU ZK, LI B, WANG J H,
WANG J, ZHU L S. Ecotoxicology of strobilurin fungicides[J].
Science of Total Environment, 2020, 742(10): 140611.

WANG X H, LI X Y, WANG Y, QIN Y J, YAN B,
MARTYNIUK C J. A comprehensive review of strobilurin
fungicide toxicity in aquatic species: emphasis on mode of
action from the zebrafish model[J]. Environmental Pollution,
2021,275: 116671.

VPR, BEoR, M5, 1A, L. fHw ARk
PURIRIE ISR RN K i 2 e T [T]. &L RE,
2021, 47(5): 491-495.

SUN S M, LI X R, YANG X, WU L, WANG H Y. Evalua-
tion of acute toxicity of common strobilurin fungicides used
in paddy field to bombyxmori[J]. Science of Sericulture,
2021, 47(5): 491-495. (in Chinese)

YANGM X, WANG Y H, YANGGL, WANG Y, LIUF Q,
CHEN C. A review of cumulative risk assessment of multi-
ple pesticide residues in food: current status, approaches and
future perspectives[J]. Trends in Food Science & Technol-
ogy, 2024, 144: 104340.

United States Environmental Protection Agency (USEPA).
Supplementary guidance for conducting health risk assess-
ment of chemical mixtures[R]. Washington DC: Risk As-
sessment Forum, 2000.

European Food Safety Authority. Scientific opinion on risk
assessment for a selected group of pesticides from the tria-
zole group to test possible methodologies to assess cumula-
tive effects from exposure through food from these pesticides
on human health[J]. EFSA Journal, 2009, 7(9): 1167.

LR, A, XEE, Ba. iR RAGZHRE
Br[I]. Ae2y=274R, 2021, 23(3): 552-560.

MA C, ZHANG Q, LIU C H, DUAN Y. Analysis of multiple
pesticide residues in mango of Hainan province[J]. Chinese
Journal of Pesticide Sciences, 2021, 23(3): 552-560. (in
Chinese)

Bz, KU, SR, PREERS, PaE, B mR0RHE a5
—ERIRFUEEAIAE 13 A SRR IRBR AN = M2 R T
TEAT SR P 1 SR B8 R B B A XU PPN [T]. R 25554,
2023, 25(1): 175-183.

DUAN Y, GUAN N, MA C, CHEN T Z, LUO J H, WEI J.
Dietary risk assessment of 13 strobilurin and triazole fungi-
cide residues in mangoes by high performance liquid chro-

matography-tandem mass spectrometry[J]. Chinese Journal



%10 #

B w5 WVSRIEN MR A R A2 R i) SRR B KU A

2537

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

of Pesticide Science, 2023, 25(1): 175-183. (in Chinese)
European Food Safety Authority. Cumulative risk assess-
ment of pesticides to human health: the way for-
ward[C]/Summary Report EFSA Scientific Colloquium,
Parma: EFSA Journal, 2007.

CHANG C H, MACINTOSH D, LEMOS B, ZHANG Q, LU
C. Characterization of daily dietary intake and the health risk
of neonicotinoid insecticides for the U.S. population[J].
Journal of Agricultural and Food Chemistry, 2018, 66:
10097-10105.

United States Environmental Protection Agency (USEPA).
Kresoxim-methyl; Pesticide Tolerances[EB]. Federal Regis-
ter 64: 31129-31135, 1999.

United States Environmental Protection Agency (USEPA).
Azoxystrobin; Pesticide Tolerances[EB]. Federal Register
84:24824-24830, 2015.

United States Environmental Protection Agency (USEPA).
Pyraclostrobin; Pesticide Tolerances|[EB]. Federal Register
67:60886-60892, 2002.

United States Environmental Protection Agency (USEPA).
Picoxystrobin; Pesticide Tolerances[EB]. Federal Register
83:39605-39610, 2018.

United States Environmental Protection Agency (USEPA).
Trifloxystrobin; Pesticide Tolerances[EB]. Federal Register
84:4340-4345, 2019.

United States Environmental Protection Agency (USEPA).
Fluoxastrobin; Pesticide Tolerances[EB]. Federal Register
77:64911-64917, 2012.

FrHERE. i AR 2 5% B R B R R PP 4 T AR ).
A 224, 2020, 22(5): 727-733.

QIAO X W. Some considerations on dietary exposure as-
sessment of pesticide residues in food[J]. Chinese Journal of
Pesticide Science, 2020, 22(5): 727-733. (in Chinese)

ENg, XNTHE I, Moz, BEAE, 20k, BFE,
W, Ac2hik B IEEREITAEIRII T RE]. B,
2023, 44(3): 269-277.

WANG X, LIU Z Q, KANG S S, CHEN L, CHEN Y P, LI
W, ZHAO L L, CHEN Z L. Research progress on assess-
ment models for dietary exposure to pesticide residues[J].
Food Science, 2023, 44(3): 269-277. (in Chinese)

ErAR, PURE, KEE, RFTF, ZEMH, LR gk
i £ % i VT AR LT 5T HE R (0], VLA 24, 2012,
24(4): 733-738.

WANG X W, QIUH Y, ZHANG ZH, WUL Y, YUAN Y
W, WANG Q. Diet exposure assessment methods in food[J].
Acta Agriculturae Zhejiangensis, 2012, 24(4): 733-738. (in
Chinese)

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

KR, BREZE, Holcoh, WIRR, X4, hELR g
BREIPIBR IR PEREER, 2014, 30(9):
311-316.

SONG W, CHEN Z J, QIAN Y Z, XU C W, LIU X J. Pre-
liminary study on model construction of dietary exposure
assessment for Chinese agricultural products[J]. Chinese Ag-
ricultural Science Bulletin, 2014, 30(9): 311-316. (in Chinese)
MRAEE, thip, KE, Hokd, B8, HRRR. BT U-V
P0G AT 7 B AR 7 i 2 4 UG PPAN A BT S (], 4™
5204, 2013(6): 52-59.

CHEN Z J, XU Y, SONG W, QIAN Y Z, WANG M, XU C
W. Study on the agricultural product safety risk assessment
model based on U-V simulation analysis method[J]. Quality
and Safety of Agro-Products, 2013(6): 52-59. (in Chinese)
EFRON B, TIBSHIRANI R J. An introduction to the boot-
strap[M]. NewYork: Chapman & Hall, 1993: 14-15.

JMPR (Joint FAO/WHO Meeting on Pesticide Residues).
Food safety collaborative platform[DB/OL]. [2025-04-10].
https://apps.who.int/foscollab/Download/DownloadConso.
A AR FE R TR R R 2. B i 2 EZ b
e i A 2R AR B R GB 2763—2021[S]. Jbat:
Hr O H AL, 2021

National Health Commission of the People’s Republic of
China. National food safety standard. Maximum residue lim-
its for pesticides in food: GB2763—2021[S]. Beijing: China
Agriculture Press, 2021. (in Chinese)

CHENZ J,XUY P,LIN, QIANY Z, WANG Z J, LIU Y.
A national-scale cumulative exposure assessment of or-
ganophosphorus pesticides through dietary vegetable con-
sumption in China[J]. Food Control, 2019, 104: 34-41.

WA, 24, RIEE, RUOK, R, B Rk
B BR i SR e WURIEAR (], i Rl B, 2024, 43(10):
72-79.

LINQ,LIB, WUIJR, YU HH, LIANG X H, WEI J. Analy-
sis of pesticide residues and dietary risk assessment in
mango[J]. Chinese Journal of Tropical Agriculture, 2024,
43(10): 72-79. (in Chinese)

XURAR, 2BE0e, BREOE, BAM, AL, sol, FRik.
A2 5% B BAUE G B RS ITAG P IR o SR ()], B b 4 ot
RGN 2FAR, 2025, 16(6): 99-105.

LIU ST, LI X B, LIANG H X, ZHAO L L, CHENG Y P,
ZHANG B, CHEN Z L. Research progress on cumulative
dietary risk assessment of pesticide residues[J]. Journal of
Food Safety and Quality, 2025, 16(6): 99-105. (in Chinese)
European Food Safety Authority. 2008 annual report on
pesticide residues according to Article 32 of Regulation (EC)
No. 396/2005[J]. EFSA Journal, 2010, 8(6): 1646.





