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Bioaccessibility Assessment Based on An In Vitro Gastrointestinal Simulation

Method to Evaluate Dietary Exposure Risk of 8 Pesticide Residues in Fruits

ZHANG Xiaojuan, SUN Xiulan, YE Yongli’

(College of Food Science, Jiangnan University, Wuxi 214122 )

Abstract: To analyze the dietary intake risk of pesticide residues in fruits, the impact of bioaccessibility on the dietary intake
risk of pesticide residues in fruits was explored. Liquid chromatography-triple quadrupole tandem mass spectrometry (LC-MS-MS) was
used to detect and analyze the 8 pesticide residues in 4 kinds of commercially available fruits, and in vitro gastrointestinal simulation
was performed to determine the bioaccessibility of pesticides in fruits. Chronic and acute dietary intake assessment methods, along
with pesticide bioaccessibility evaluation, were conducted to assess the dietary exposure risk of pesticide residues in fruits. The
concentrations of detected pesticides in fruits ranged from 0.01 mg/kg to 0.84 mg/kg. The bioaccessibility of pesticides was 21.50%
(Wogan, pyridaben) or 94.37% (pear, dimethomorph), with the bioaccessible concentrations in the simulated gastrointestinal fluid
being 0.016~3.48 mg/kg. Among the children aged 4~6 years and the general population, the chronic dietary exposure risk %ADI
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values were 0.05%~3.36% and 0.01%~0.92%, respectively, and acute dietary exposure risk %ARfD values were 0.23%~16.60%

and 0.08%~5.88%, respectively, all were within the acceptable range. After bioavailability was ignored, the dietary exposure risk

assessment results would be overestimated by 5.63%~78.50%. The bioaccessibility of pesticides in fruits varies with the type of

fruit and difference of pesticide. The dietary risk is the comprehensive assessment result of pesticide exposure, toxicity, and fruit

consumption. Combined with bioaccessibility, the accessible concentrations and exposure risk of pesticides in fruits are reduced.

Therefore, the use of bioavailability in risk assessment can provide a theoretical basis for accurately evaluating the health risks of

ingested pollutants to humans.
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Table 1 Characteristic ions and conditions of target compounds

Fth +5F FhET *% AAEEE/
(m/z) (m/z) JEIV (CE/eV)

" R 223 126*, 56 80 15, 15
LN 256.1 209%, 175 80 10, 10
wik 3 R 365 309%, 147 95 7, 25
T B 289 125%, 70 120 15, 20
o 1) B 404 372%, 344 120 10, 15
R R 250.2 169.1%, 132 80 10, 15
E Rk 292.1 211%, 181 80 5, 20
Hi Bk 388 301%, 165 120 20, 25
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0 -

%ADI IDI<1000%bw x100 (2)
KF:

%ADI—— "% W IERX B ERNE, RENHK % ;

STMR,—— KRR 2H K8 P15, mgkg;

F——/KEHH%F, vA48g/dit;

ADI—— R %54 B LFHEANE, mg/kgbw);

bw——45f F B ARAMRT 2 60 kg, 4~6 ¥ ILEIRR

% 16.5 kg ;

BA——RHBGAMTLME, KENH, %.

LTI £ 0 N ARG VAl - R Y] R B VR Al A A
TR SEH 3 M, KBEFUE S 2 A 2a fE B, B
MR EE S R EKRT 25 g (/T R #E (Large
portion, LP), H A (3) THHEEF A THE A &
(National estimated short-term intakes, NESTD) :

U, x HRXV+(LP-U,)<HR*BA,
NESTI = : (3
w

ENS

NESTI——42 03 N2, ug/kgbw;
U——KRTRAGSRE, g;

HR—— KRB RARZHIREE, mgkg;
V——ZFEF, —&KIK3;
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LR, AW aHEREE (P<0.05. K
R HEYI ] 5 PR B A, HEWT B IR AR BB R 3 Fl
KRN 22 4. WEi R AE 4 FhoK J b A= 4 T 45 P
KN 29.27%~31.23%, 5 H R 7 Mk 25 4 ¥ v 45 14
(69.50%~94.37%) ¥IHAREESR, 7RG ELL
HE. B Bk AR ATER . IR 3 Pk 2
B S I R, T R R (69.50%~72.33%)
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SR 8 PR 25 7E Bl B h M A= M T 4R
PEROK R R R KR, HEHRAEE
J i b AR AT SR R B o M T AR, R AT B v Bk ok
I R AE bR ifE 2763-2021 106 MRL H, H AR A& % MRL
54 0.02~5.00 mg/kg, F W H il bR 25 B s E
0.016~3.48 mg/kg G 9. KB, FE. KM, W
B e e i () AR W AT UK FE R B A, AL rbge sl s A ]
IR RAR, BT, HAhRM e dUk. ez A
HABFI I AED AT 45 R IE, T GB 2763-2021 H1,  HE HUK
ADI{E 4 0.07 mg/(kgbw) (K B HLfZ 0.1 mg/(kg-bw)
(33D, VLA PRAE b e sl g bk 58 N2 4, ADI
ARG, FrEMmE. ARk, WEHUsE ADI {E 5
PRI 23 5] 0.06. 0.08 mg/(kg-bw), X AT &,
HA RPN FELR D, W RE AT 45 IR 5y
4 0.018+ 0.27 mg/kg, I mE HUPK Kok demph. 1 s
W £E W) ] 5 R B AE TRAH AR T ik SOk AR ] 4IRS
FE MRk R T re PR AR T 45 B . BB 3 Rk 25
Mg e P N A XU A B A . Shi SR RSN B
R FBLYE TN 5 P A 0 AT 4 T PR 3 SR b S R R R 2
FKARZIECRNNE LI, @A T RS A
SE ST ADI 1 [F 9 0.02 mg/(kgbw), AMA Bk
FZ 53 %15 0.066 5 mg/kg A1 0.010 6 mg/kg, KT H
SR v RSOSSN 2 4
ADI E 5 AW vl 45 11 A0 45 & 7 32 = AR 25 76 ARG VP £
R HE AR

% 2 KRBRAGEHER
Table 2 Detection of pesticides in fruits

RBRGK RAKEY o
F/(mg/kg) Ai/(mgkg) E/%

KRAFE Hudt ol

FH 40 14 0.03~0.70 0.23 35.00
=Y 25 12 0.01~0.39 0.08 48.00
KA 20 10 0.02~0.84 0.18 50.00
L 25 17 0.01~0.37 0.11 68.00
#amkit 110 69 48.18
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Table 3 ADI values of 8 pesticides and residues in fruits

g ADI/ # R JE /(mg/kg) oh g
[mg/kgbW)] &% =18 A L
" R 0.07 0.05 0.03~0.35 0.03~0.37 14
o ) B 0.2 0.10~0.70 0.03 8
o T B 0.2 0.10~0.70 0.03 8
E R 0.1 0.01~0.03 0.03~0.28 0.02~0.12 22
Ho BT ok 0.2 0.12 1
ot Roopk 0.06 0.03~0.27 0.02~0.18 0.06~0.84 0.06~0.27 24
T 0.03 0.39 1
wik 43 R 0.01 0.02~0.06 4
ER% 0.08 0.01~0.13 0.05~0.25 0.01~0.24 12
F 4 ATIKRPREGRBEM A
Table 4 Bioaccessibility in vitro simulation of pesticide residues in 4 fruits
AEWT M (FHE + AFERE) %
R
HE 3L KA L
2 KK 84.80 £2.91" 84.40 + 242" 81.10 +7.92" 85.30 + 6.35"™
o B 87.23 £ 4.42"° 9337 £6.11" 71.20 £ 1.75% 85.17 £2.48*™
o & 82.40 + 3.68" 83.37 £2.66™ 82.47 + 5,13 76.87 + 6.98"
Wi BE Dok 80.37 +4.10™ 94.37 + 6.09™ 72.33 +0.95% 88.77 +0.45"™
ot R ok 84.47 +7.57" 90.07 = 10.26™ 90.73 + 4.13* 86.77 £ 8.74*™
T 80.83 +2.60™" 88.77 £ 10.38™ 69.50 * 4.06°° 90.17 +9.99*"
vik 33 R 29.27 + 1.94%° 31.23 £5.76™ 21.50 +5.22™ 29.70 % 5.47°°
kA 88.10 + 8.74" 90.53 +9.91™ 84.90 +7.18"™ 91.67 +10.52™

E: ARXEFHEATKRARRY BA £/ 2%, RRADEFHEAFRRRKRR—KY BA £272%, P<0.05.
*®5 KRPRAFAKBERHEBHEMURPENFLARE (mgkg)

Table 5 MRL of pesticides in fruits and its bioaccessible concentration in gastrointestinal simulated liquid (mg/kg)

HE £ KA Ak
R
MRL A#T4RE  MRL  AHTLKRE  MRL AHTLRE  MRL AW TLRE
wwRIR 3.00 2.54 2.00 1.69 0.50 0.41 2.00 1.71
o B 2.00 1.74 1.00 0.93 1.00 0.71 2.00 1.70
Rk 0.02 0.016 2.00 1.67 0.50 0.41 0.40 0.31
M BE Dok

kaAk  0.05 0.042 0.50 0.45 1.00 0.90 0.50 0.43
i T 2.00 1.62 0.50 0.44 5.00 3.48 3.00 271
vik % R 1.00 0.29 5.00 1.56

K R 0.02 0.018 0.30 0.27 0.50 0.42 0.50" 0.46

E: a R TRAKG E/ARR T GB2763.1-2022 ; L4349 %E T GB 2763-2021.
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Table 6 Exposure assessment population and

dietary intake of 4 fruits

IF 6 ¥ ILE —REABE
K KRR TR
7 ’ﬁ‘/}ﬁ— k%\%{/ ’ﬁ&/}ﬁ— k’fﬁ'}%&{/ %/g _3[357\/%
Z/kg [g/kgbw-d)] Z/kg [g/(kg bw-d)]
% 161 28.249 53.2 15.974 1218 63
161 25.926 53.2 12.870 300 85
FHO19.0°  42.149° 53.2 10.345 245 74
b 163 21.700° 67.0°  9.223° 126 9

BRTFHE.

R 7 AMKRRABEBEIBARRITHEER

E OKESIE SRR TRRAT, ek ik

Table 7 Risk assessment results of chronic dietary intake of

4 fruits in pesticides

" %ADI/%
R STMR/(mg/kg) PP —ye
2 KK 0.05 0.18 0.05
o H By 0.38 0.48 0.13
R
P Hi BEryobk
o, Rk 0.13 0.53 0.15
FEE
ik % R
k%
e RIR 0.14 0.48 0.13
"% i) B 0.03 0.05 0.01
" R B 0.02 0.05 0.01
a1 Hr Btk
ot Kok 0.09 0.38 0.11
J 0.39 3.36 0.92
wik 3 R
EE LS 0.06 0.20 0.06
R
o ] B
R R 0.15 0.36 0.10
ot Ho BT ok 0.12 0.13 0.04
otk Kok 0.36 1.56 0.43
T B
ik 3 R 0.04 0.25 0.07
k%R 0.14 0.43 0.12
e R 0.16 0.55 0.15
) B
R 0.06 0.13 0.04
Ak HRRoH
o R ok 0.14 0.60 0.16
T
ik 5 R
E 2% 0.08 0.25 0.07
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% B K R AR BN, i R KRR
JE, o R 4~6 5 )L K — M NBFRIK RN &
A A [5)  08 F B K SRVE T AR K AR &, AT
18 PE, TPk R RN RS VT A i A Ee N KU DAl
Z W 6%, ADI K H GB 2763-2021 1 #i 52 18, W%
B B 7F IMPR #5 1 7 (1) ARD 15 BN “ R 227, mk
i R 1F IMPR br #E 7 JC AR {5 B, H KRG R
FI IMPR A5 R, 43 5l Sy i LBk 0.1 mg/Ckgbw),  HE
% 0.6 mg/(kgbw).  J& Bt " MK 0.6 mg/(kgbw)s
mt Hibk 0.4 mg/Ckgbw) i B 1 0.3 mg/(kg-bw). M HL
B2 1.0 mg/ (kgbw)o

KT 4~6 %5 )L EF — BN B, 450 KR
R 8 Bl A 24 Bk B AR I 4 N XU ) %ADI
0.05%~3.36% F1 0.01%~0.92%, J/NT 100%, AbT %
SORAS . IRHTmEE R ADL R HBAE, (HBTHEY
AT TR, FEMEART G, B b ik B Rl R A= T
B PR B R e, T ADTEAR, %ADI R 3.36%
F10.92%, 25 R, FEPEEERAPE. W
li ADIHE s, AWImreh e, & e E S %ADI
RNELH G B M %ADI 1/7 47, X — 45 F 58 ADI 8
e, BEVE R AR KRS 5, Bk B AR i AR AU vy
18 P XU A AR 24 5 R B I R MR SR VTG 5 R, RIS AR
WAy 4 1t T B ARG RS DAk 45 2R

8, MR A RS AR 2 K AE vF 5 NESTI MH,
4~6 % )L B AN — B N B T KAk T A 3RO\ B NESTI
4 0.91~53.74 pg/ (kgbw) F10.50~24.27 pg/ (kgbw),
4~6 ) LE A E P S DRA ot ek R
TN AN B R K E A 6 FhAk 24 Sk g & 2 5 X
[ %ARD 18 B K T 100%, 4t T % 4K F. 4~6 %
JLE %ARD 15 N 0.23%~16.60%, — % N %ARD
{79 0.08%~5.88%, & 1 BE H1 Ik %ARID 18 & &= 7
M 16.60% F1 5.88%. AL i H PR A A /N T 3 Bk
We CRPRAS B, T LP A ALK T Bk, e Pk AE AL
W %ARFD H Ak 1.4 45 42 Ao TR AL ik
B B KA 0.84 mg/kg, T AL L IR S S5 R R
WE PRI 1740 1B SR XU R A gk i R &
S H B R EY LP HLEE GG S R Ry, KR
Wk R 2 KE AR T 2 & R BAFEEDY
AZE T, R B VERE B R BRI VR AN 4 R 2 Al
5.63%~78.50%. AWK mVFAILSE & A mT 4t
PPA KR R 2 B A N S ™Y, S5, #AEY b T
ZT A, 4 iR 0B A 2 1 KU 7 4 /N T 985107,
WITE M B2 Ja H, RBSEVI AT, 2R A
14%~65%. JbRiiiKE. B B KEEHA
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W 2R IL 43 Fh & W vF A 45 S R DDT M HAC v 18
PERURSE S T % T 83% H1 45%°", ANFEIVEE S5 2 R

SRR G5 R 2 7,

PR AT 25 P AT R AR XU P 4
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Table 8 Risk assessment results of short-term dietary intake and acute dietary intake of pesticides in 4 fruits

46 ¥ L& —fRARE
Rh HR/(mg/kg)
NESTI/(ng/kg-bw) %ARfD/% SM/(mg/kg) NESTI/(ng/kgbw)  %AR{D/%  SM/(mg/kg)
" R IK 0.05 3.51 3.51 121 1.69 1.69 2.52
" ) B 0.70 50.61 24.27
W R B 7.24 15.09
H Bk 7.24 15.09
ot Kok 0.27 18.90 473 4.83 9.07 227 10.06
J 3.62 7.55
Rk 12.07 25.16
2 Rk 0.35 16.60 16.60 1.78 5.88 5.88 5.02
o 1 B 0.03 1.57 0.56
o e 0.03 1.41 0.23 10.67 0.50 0.08 30.12
o Mo B ok 10.67 30.12
- ot R opk 0.18 9.11 228 7.12 3.23 0.81 20.08
JH T e 0.39 19.46 6.49 5.34 6.90 2.30 15.06
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