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Pollution characteristics and dietary intake risk assessment of pesticides and heavy metals in tomato samples
in Shanxi Province, China

MA Xinyao, WANG Jing, ZHU Jiusheng’, LI Wei

(Shanxi Center for Testing of Functional Agro—Products, Shanxi Agricultural University, Taiyuan 030031, China)

Abstract: This study aims to explore the pollution characteristics and dietary intake risk of pesticide residues and heavy metals (lead and
cadmium) in tomato samples collected from primary producing regions in Shanxi Province. The quantitative detection of 70 kinds of
pesticide residues in 60 tomato samples randomly collected was carried out using gas chromatography tandem mass spectrometry
instrument and a high—performance liquid chromatography—tandem mass spectrometry instrument. The lead and cadmium contents were
determined by graphite furnace atomic absorption spectrometry. The residual characteristics of the two pollutants were analyzed according

to the test results. The safety status of pesticide residues and heavy metals (lead and cadmium) detected in the tomato samples was
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evaluated by the Food Standards Agency risk ranking system and the food safety indexes (IFS) method. Results showed that 73.3% of the

samples were positive, with residues of 19 pesticides detected (including 12 fungicides, 6 insecticides, and 1 plant growth regulator) above
the detection limit. The most frequently found pesticide residues were fungicides and insecticides, accounting for 63.2% and 31.6%,
respectively. The fungicide most detected was procymidone, with a detection rate of 40.0%, while the insecticide was acetamiprid with
8.3%. The detected pesticides included one pesticide prohibited in vegetables, two pesticides not registered on tomato, and three pesticides
not established maximum residue limits. 9 samples contained 3 or more pesticide residues, accounting for 20.5% of the detected samples.
There were regional differences in the types and quantities of pesticide residues in tomatoes. The pesticide risk ranking results
demonstrated that the pesticide rate at high—, medium—, and low-risk levels were 5.3%, 15.8%, and 78.9%, respectively; the highest
pesticide risk was omethoate. Based on the evaluation results of the pesticide residue safety index, this study found /FS were all less than
one, indicating that dietary intake risk was at an acceptable level. The detection rates of lead and cadmium from detectable tomato samples
were 53.3% and 100.0%, respectively. The average lead and cadmium levels were both lower than the national limits for food contaminants.
The evaluation results of the lead and cadmium safety index also indicated that the overall levels of lead and cadmium residues were safe.

In short, the risk of pesticide residues and heavy metals (lead and cadmium) in this study are within an acceptable range, indicating the

quality and safety of tomatoes are suitable.

Keywords : tomato; pesticide residue; heavy metal; pollution characteristic; risk assessment
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Table 1 Substances evaluated by this study

VeS| R 2R
Pesticide category Pesticide name
& HLF i JF dik Chlorpyrifos . XA i Parathion . B 386 o 4 i Parathion—methyl P e (B0 45 H 3 85 KRN FR 3 3 X ) Phorate
Pesticide (including phorate sulfone and phnrate—sulfoxide) AR B Omethoate . HY 3 S 4 i Isofenphos—methyl | K W i W
Isocarbophos . &R Ethoprophos | — I il Phentriazophos | e AR (CELHE = #2550 H L) Carbofuran ( including trihydroxyl
carbofuran) \ 5 T4 J& Isoprocarb . ¥4 2K Jak (43 45 s K LA | KX ) Aldicarb (including aldicarb sulfone and aldicarb
sulfoxide) | K £ i Methomyl I 5 24 BiE Bifenthrin . 54 %5 24 15 Cypermethrin , A A % s Cyhalothrin | A A g
Fenvalerate . 9l % T 44 Ii§ Cyfluthrin . B H K Acetamiprid . K W8 ¥ Cyromazine ., B £ (8 & Abamectin , 58 M 4% H i )i
Chlorantraniliprole . 1 4t £} Emamectin benzoate , Mt 31 Wk Imidacloprid . i 7+ Endosulfan B L Ji¢ Clothianidin . 43 4 i
Chlorfenapyr W& - 1% Thiamethoxam SEWE] Buprofezin Mt N Pyriproxyfen , i 48 LA Methoxyfenozide
Pkl A ENS I Dimethomorph | i iR Kresoxim—methyl  MELMEEBE P Pyraclostrobin A ¥ Chlorothalonil \BEME B Fosthiazate |
Fungicide Fi A% Propamocarb W& £ i Pyrimethanil  FUEEBE Flusilazole . F 3L 6% A 22 Thiophanate—methyl , %8 B & Benomyl , 2 2
Carbendazim . 7 7§ M Cyazofamid , 7% fif H 28 B¢ Difenoconazole | J&§ %5 F| Procymidone . X I i Tebuconazole | IF 12 M
Myclobutanil , " M Hexaconazole . 55 i M Triflumizole . BKfE e Prochloraz . WE 19 B % Boscalid . ! 45 R Metalaxyl .45 IR 50
Cymoxanil \ 75 % Hymexazol . — W] Triazolone , N ¥R Propiconazole . BE# 7 Oxadixyl ¥ & i Azoxystrobin | i [ fig
Trifloxystrobin TR R T i Fluxapyroxad TR R Fluopicolide . TR R e Fluopyram . TREMR I 2, Orondis
A F 5 SR Forchlorfenuron 2 Chlormequat .2, 4-"H KRR LB 2, 4-Dichlorophenoxyacetic acid Z 30 Paclobutrazol
Plant growth regulator
[4: 25 Herbicide TR R Trifluralin 55 257t Atrazine KR 7 Quizalofop—p—ethyl

1% WHART]
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Table 2 Evaluation indexes of risk ranking of pesticide residues in tomato

A . '3:’3%‘ 1(C (D L § Rl F
o s WELBC)  BOWRED) P KoL)
Toxicity (4) Potency(B) Share of tomato in Frequency of High exposure group(E) Detection median
HiH o o diet(C) dosing(D) B (F)/(mg-kg™)
Item . p . y 7D 4 7N 4 . y e
T TV S 1 T 1Y S Ll TV S LU T Hebi(i W R W
Index Index
Index value  Score Index value Score Score Score Index value Score Index value Score
value/% value/%
1 >15 000 0 >10 0 <2.5 0 <2.5 0 JG None 0 ND 1
2 5001~15000 1 0.1~10.0 1 2.5~20 1 2.5~20 1 AR AT HE Unlikely 1 <1 MRL 2
3 501~5 000 2 0.001~0.100 2 20~50 2 20~50 2 4T HE Likely 2 1~10 MRL 3
4 51~500 3 <0.001 3 50~100 3 50~100 3 eV EPS i€/ 3  >I0MRL 4
With or without relevant data
5 1~50 4
6 <1 5
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Table 3 Residue levels of 19 pesticides in tomato samples
Ak K2 [ods5 4+ B@fﬁ_é.%éé‘ﬁc MRL/ 526.%(% for it 32 AR %éiﬂéuﬂi@ﬁ
Pesticide category Pesticide Samples Wll.h (mg-ke") Residue l(?vel/ Detectable  Over—standard Whether it is
detectable residue (mg-kg™) rate/% rate/% registered pesticide

AT JXMEEE Tebuconazole 1 2 0.018 8 1.7 0.0 2
Fungicide ST I Fluazolamide 1 — 0.053 0 1.7 — B
ZK ik H RIS Difenoconazole 1 0.5 0.0353 1.7 0.0 =
Ji5 Hi T Azoxystrobin 1 0.7 0.038 7 1.7 0.0 2
FA7 1 R Thiophanate—methyl 3 3 0.028 4~0.216 9 5.0 0.0 S
MM fik P i Pyraclostrobin 3 1 0.020 5~0.025 5 5.0 0.0 =
ML TR B Fluopyram 3 1% 0.018 5~0.073 8 5.0 0.0 S
IGE 195 747z Boscalid 5 2 0.018 7~0.046 7 8.3 0.0 b
ZE B R Benomyl 6 — 0.0208~0.2004  10.0 — =
ST K Dimethomorph 8 1 0.025 1~0.082 5 13.3 0.0 =
FAFEI Propamocarb 9 2 0.0115~0.0990  15.0 0.0 2
Ji5 %5 F] Procymidone 24 2 0.0111~0.0739  40.0 0.0 2
A SR B Isopropyl 1 — 0.083 3 1.7 — 7
Pesticide R R Omethoate 1 0.02 0.080 0 1.7 17 i
WE 1L Thiamethoxam 1 1 0.191 4 1.7 0.0 =
R 48 UL Thoxyfenozide 1 2 0.0195 1.7 0.0 &
1 1}z Clothianidin 2 1 0.036 5,0.050 9 33 0.0 2
I HUPK Acetamiprid 5 1 0.022 1~0.088 7 8.3 0.0 =
R LR K815 7] % Chlormequat 3 1 0.024 0~0.389 4 5.0 0.0 2

Plant growth regulator

TE AU IR A Ay s R BR A

Note : *stands for a temporary limit.
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2B AT D, S 8 il A6 HE A 2 it ol R S
IR 7 2
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AR AT 5 (A) KL AR 25 F- ) 25 1 1)
LDso {4232 2 WA 5 #8013 50 (B) IR i Z 2 K
PRI B S A 25 5 KR B R ) (GB 2763—2019) 7
B ADIE 3¢ 2 WAE . AR 4 WHO ¢ [ B8
F25 (RS I 25 A H 4 (2010—2013) )P (1 A
SREHE , oy BT 2 AR R A Y
3.6% F19.2% , 4b F i £ HL B A9 28 — 25 (2.5%~20%) ,
FEE5y (C) R 1, $4 BRAR 2 bR B 45 A S b A R 45
AR 25T A A K I 1 ~ 3, L fil AR
N 2.5%~7.5% , b - FIA 32 1 55 — 2 (2.5%~20%)
SRS (D) M 1, BARORTRNE TR IR A A
FEAEZE S AR I ICAH DG E G B R ) e e e 24 72

1% WHART]

TAFTE o 2 58 AT, NN B A B 25 18 25 B MR 1Y
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Wi 19 Fh AR 2553 0 325 50 1 2 i KU A 2, UGS 15
532100, A 1R, A AEUR A 58 2 2 KUK R 24
JRUBS: 75 43 7E 50~100, 53531 hy 53 P JR8 . FeCAK TR e o1 g
ok 3 Bl 24 5 55 3 28 IRV A 245, U 1543 <50,
A 15 19 R 7E & b AU K- 1 B 51 43
4 5.3% . 15.8% F178.9%. H LAl UL, 74 4 % ih
Hk R A 2 SR A A R ARUBS R (L 6 1 v XU
PRAEIRAR
23 RABGZBREMTMH

A 24 1175 A S L A AR 4 6 AT G
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Table 4 Risk rankings for pesticide residues in tomato

345 Score s
RZ SHEG)  m(p)  THEIEBIO  HRERD) FREARE) ) Toml THF
Pesticide T?:(icit " Pincy () Sharcof tomato  Frequency of  High exposure  Detection median .~ Ranking
in diet(C)/%  dosing(D)/% group(k) (F)/(mg-kg™")

FUR R Omethoate 4 3 1 1 3 3 105 1
SN Isopropyl 3 2 1 1 3 3 75 2
SEUE B TBEI Fluazolamide 2 2 1 1 3 3 60 3
WE HLP Acetamiprid 3 2 1 1 3 2 50 4

15 11 % Thiamethoxam 2 2 1 1 3 2 40 5
SR Tebuconazole 2 2 1 1 3 2 40 5

F 1k H IRIE Difenoconazole 2 2 1 1 3 2 40 5
% Chlormequat 2 2 1 1 3 2 40 5

JI5 T Trifloxystrobin 1 2 1 1 3 2 30 9

FH L6 14 7 Thiophanate—methyl 1 2 1 1 3 2 30 9
NH I i T iR Pyraclostrobin 1 2 1 1 3 2 30 9
G T Fluopyram 1 2 1 1 3 2 30 9
IE BE TR M Boscalid 1 2 1 1 3 2 30 9
ZETH 2 Benomyl 1 1 1 1 3 3 30 9

S TN Ik Dimethomorph 2 1 1 1 3 2 30 9
FE 27 Propamocarb 2 1 1 1 3 2 30 9
H 4 UL Methoxyfenozide 1 1 1 1 3 2 20 17
W€ H % Clothianidin 1 1 1 1 3 2 20 17
J&5 8 ] Procymidone 1 1 1 1 3 2 20 17

DL & B AR, R IFS B IAE (TFS) e AN 7 it Y
LRI

AT BG4 I 1) 70 Pl 25 5% B3 oA 51 R AR 25 R4
ORI IFS . SN AR RUR AR HUE A 19 Ffe
iR A IFS WA S, WNERSTTLLE KRR
IFSAEY <1, HA EUR LAY IFS (BB K (0.147 9) 5 19 F
AR LN B A ) B A A FEFRIE TFS 4 0.010 0,71
T 1, B ARG 4 A 24 5% BB N it 4 A VA R
Hez RS E T B2 Z .
24 BEMPESEHR BERBIMBEREEEN

XF LU S48 60 153 7 H A it o B 45 i S R 1) o
PEAT TISE 45 SR LR 6. 45 SR W BYRN4R A4S
KO0 R 53.3% F1100.0% , K6 HIRE b AP A & Fl N
0.004 0~0.009 5 mg - kg™, 4@ 7 & ¥ Fl & 0.000 2~
0.009 7 mg-kg™!, “H R MIR . KIEAX 1IHTEFE
ARV ) TFS Y H9 TFS 4 0.000 8(0~0.001 5) , 4
) IFS 3 0.002 0(0~0.005 4) , —# IFS #<1, )8 T &
SR, 2 I AG I A4 60 17y 3 i B o Hh A AN AR ER
AR AL T2 R

3 iTtig

TV A A S S B A S R, X T
JE A 27 5% BR e R ) B IR A HL AT E S 2 5
ERIFE 28 o AEFRAE R, I PH & e b AR
2kt H0h 73.3% , 28R AR %00 15.0% , AR AR 2l
SNSRI . AE PG AR X 3 0t P A 25 B AG R
xR 24 b AP DB AS AR TR] , 43 Mk Ry 22 5 ]
A5 AN [7) b DX R 254 s He 5 2B R0 I 24 sk 2T 48]
LA . P4 P T X L A Al XA 1 AR
2 5~6 CP2 B SRR D7 B0 B g o R AR T,
5 B0H 2 7K T 5 v DR I e S e X A 2 5 B A R
o HA A2 R 2 LT A G A TR — T 2
Tt 222 v R[] 14 36 15 B R RA: St , LR T i
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Table 5 Safety indexes of pesticide residues in tomato
42 Pesticide ADI/(mg-kg"-d™") KK {E Detection maximum/(mg-kg™)  EDI/(mg-kg+d™) IFS 1FS
SN Isopropyl 0.002 0.0833 0.002 9 0.0231  0.0100
R Omethoate 0.000 3 0.080 0 0.002 8 0.1479
WE HUE Thiamethoxam 0.08 0.191 4 0.006 7 0.001 3
JE R Tebuconazole 0.03 0.018 8 0.000 7 0.000 3
P48 SR R Thoxyfenozide 0.1 0.0195 0.000 7 0.000 1
S BLRE Fluazolamide 0.02 0.053 0 0.0019 0.0015
SR FH #R1E Difenoconazole 0.01 0.0353 0.001 2 0.002 0
Ji5 i B Azoxystrobin 0.04 0.038 7 0.001 4 0.000 5
I il Clothianidin 0.1 0.0509 0.001 8 0.000 3
52 Chlormequat 0.05 0.389 4 0.0136 0.004 3
JERT 1 R Thiophanate-methyl 0.09 0.2169 0.007 6 0.001 3
MMk PRI J5E Pyraclostrobin 0.03 0.0255 0.000 9 0.000 5
FEUML TR B Fluopyram 0.01 0.073 8 0.002 6 0.004 1
w5 Pk Acetamiprid 0.07 0.088 7 0.003 1 0.000 7
WE 5 R % Boscalid 0.04 0.046 7 0.001 6 0.000 6
Z 5 R Benomyl 0.1 0.200 4 0.007 0 0.001 1
J7 BERD BBk Dimethomorph 0.2 0.0825 0.0029 0.000 2
BB Propamocarb 0.4 0.099 0 0.003 5 0.000 1
J& %M Procymidone 0.1 0.0739 0.002 6 0.000 4
Fo BMHPE BETLRNERERAREIBH
Table 6 Detection results of lead and cadmium pollution and food safety indexes in tomato
s Gkl W For R T K 3 bR ”ltﬂﬁ«ulﬂ K6r PS4 B _
Vegetable Heavy Limit/(me-ke ) Number of sal;l\ples Detectable Over-standard Detection rﬁnge/ Average Ve:lue/ IFS IFS
metals detected/ rate/% rate/% (mg-kg™) (mg-kg™)
Feiihi B 0.1 32 533 0.0 0.004 0~0.009 5 0.0054  0~0.0015 0.0008
Tomato ki) 0.05 60 100.0 0.0 0.000 2~0.009 7 0.0035  0~0.0054 0.0020
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