H17% Ham el TR Vol. 17 No.4
2026 4E2 H Journal of Food Safety & Quality Feb. , 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20251017002

SIRAEE: WA, FEaam, IRGENE, 4. 2024 AERFAR DL/R T8 B sk vh a5 P R IR 2R AR 25 5k B ol 5 20 A (0], &
LA A2, 2026, 17(4): 143—149.

CHEN J, KANG ZQ, WO XH, et al. Monitoring and analysis of dithiocarbamate pesticide residues in market vegetables in
Hulunbuir [J]. Journal of Food Safety & Quality, 2026, 17(4): 143—149. (in Chinese with English abstract).

2024 AR DURT i b B QR R
e 24y 5% 8 W 5 5 Br
hoOA, BAER, AEE, & OB X B OF, L £, TKE

WA, b &
(PFAe TR AT B B by, FEAR DR 021000)

\o

O OE: BEY TR 2024 AENRAE LR T B B S R A AL RS 24 (dithiocarbamate, DTCs) 7K 24 5% 7
Bk, F5E 2024 A TIPHAE DURT T BRI RAE M 3628 | MRS | BETI2R4E 6 28 144 (g Skt ih, SRV
W AL SR €813 - JBT 15925 (gas chromatography-mass spectrometry, GC-MS)ill i DTCs 424 & = (LA CS, 1), il H
Excel 2016 F1 SPSS 20.0 % {4 #47 55 0. 858 DTCs 4 25 5K 2R 59.03% (85/144), FR &N 0.01~2.50
mg/kg(UA CS,31), Mo, Hili2k | BR800 R E T 80%, M3EJsk MK (2.50 mg/ke); BFIZEHE KA
Fo 77 G R 3 i T A X (7=33.329, P<0.05; 7’=12.491, P<0.05); Ti#Hi SN . A 5o ke 5
kR R G E L, iR PR VURTT a3 R i DTCs 1804, il ah& b XA i dE
FEAZGHOR, s AR 2558 B W, o — 258 BB T, AWFFE 0 XU PPAG AR 224K e

K PR DR, B, RAGRE, R EIE-Bkk

Monitoring and analysis of dithiocarbamate pesticide residues in market
vegetables in Hulunbuir

CHEN lJie, KANG Zhi-Qiang, WO Xiao-Hui', LI Hui, LIU Wen-Zhi, WEN Xia, WANG Yan,
HE Shui-Miao, ZHANG Qun-Fang, MA Yao

(Hulunbuir Center for Disease Control and Prevention, Hulunbuir 021000, China)

ABSTRACT: Objective To investigate the residual status of dithiocarbamate (DTCs) pesticides in market
available vegetables in Hulunbuir in 2024. Methods In 2024, a total of 144 vegetable samples from 6 kinds of
categories, including leafy, root vegetables, fresh legumes were collected from commercial retail chain in Hulunbuir
City. The content of DTCs pesticide residues (calculated as CS,;) were determined using solvent absorption gas
chromatography-mass spectrometry (GC-MS). Statistical analysis was performed using Excel 2016 and SPSS 20.0
software. Results The overall detection rate of DTCs pesticides was 59.03% (85/144), with residue levels ranging
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from 0.01 to 2.50 mg/kg (calculated as CS,). Among the vegetable categories, both cabbage vegetables and bulb vegetables

exhibited detection rates exceeding 80%, while leafy vegetables showed the highest residue level (2.50 mg/kg). The

detection rates in Arong Banner and the main agricultural production areas were significantly higher than in other

regions (¥’=33.329, P<0.05; ;(2:12.491, P<0.05). In contrast, no statistically significant differences in detection rates

were observed between samples from supermarkets and farmers’ markets, or between locally produced and non-local

samples. Conclusion The detection of DTCs pesticide in commercially available vegetables in Hulunbuir is

relatively common. It is recommended to promote scientific pesticide application techniques tailored to regional

characteristics, strengthen pesticide residue monitoring, and further refine standard revisions. This study provides a

scientific basis for risk assessment.
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BB ) Fl GB 2763.1—2022 ( frah 2 A Z b Bl h
24-1% T RRENFRAF 112 PR IREE IR ) Xl iy
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Table 1 Maximum residue limit of DTCs pesticides in vegetables (calculated as CS, mg/kg)
VS so N 3it) iS5
e — —
¥E O OKRAR WK WEEIE OIIE B M B B A SR AN e ARl
NEREE - 50 5 3 - - - 2 5 0.5 - - - -
AR - 50 5 - - - - - - - - - - -
FRARER - 50 5 3 - 10 - 2 5 0.5 - - - -
ARG 3 50 5 3 3 10 1 2 5 0.5 - - 3 -

fRAREE - 50 5 3 - 10 1 2 5 0.5 50 1 3 5
R - - 5 3 - - - 2 5 0.5 - - - -
R - - 5 - - 10 - - 5 - - - - -

T - #8 GB 2763—2021 K GB 2763.1—2022 H AR M2 1% 3¢ f K% B BR 4
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S, BRSRAEE WA, R R R AR R A 2 1l AT
B M ISR A I R N AR S oY 2 4 R T R A A A A
TEANBBR ST IX, T I DLJR 3028 g 2 T R A K g
S DTCs M5k B G LFgE e P20 (R, A58 R
BRI -GC-MS 4] 2024 FFEIPAE DLRT 14 AMETH X T
R 144 DEEEREARDEST DTCs R B, RAEDHBEFE
RIS SREEHLIX | SREEFRAY B 7= 1 B 5% B 7K B H oA 4
fE. AR B THIFRIRERAHEHN®RRS
DTCs 2455 BARDL, ARSI WA . P37 LA
T KU PEA B LR 2240 5 o

1 #MR5REE

1.1 HRRESHIE

SKFERTB] Ry 2024 4F 4—8 H, Hi 5 5 55 S DLJR 1T 14
AT X AT SRR T, S5 4 S 2R
FHEHLURSE, LI g £, PRSI R R
e, TR ZEE B . INH R, BE2Egise . BT
MR 6 R, BHFEM KT 1000 g, HoREE 144
B A B B T, 2 AR A8 R, F-20 °C%
PN ORAFREI
1.2 XFE5RF

Agilent 7890B-5977A “AH G S H kX (L . DB-624
BN IR (60 mx250 pm, 1.4 pm)(3E FE 2 HA R A IR
o)), BS224S 74y 2 —HL T RO (1 1 3% 2 R 4L ),
Multifuge X1R = #¥8 VR 2.0 HLGE EFEER L /RBHA R
2 w)); HY-4 V83 22 TR i G N T 4 35 A A 2R BT )
DK-8A H, #H I /K L8 (4 35 TH IE AN A3 PR A Al );
Milli-Q 2 & 7K &A= #% (32 E Millipore 23 H]).

IEC ke CS, (BQW7014-2016, JEHEHEE 1000 pg/mL,
dt o ol 3 & 4 B A R A A, A\ 98 SRR Y R
[GSW(E)061590, itk 1000 pg/mL, 3758 FRAGFRAEY
B, IE OB (el EEFEI CHIRBIEARAR);
HRAL R L, KARH B ARG R A A, S
(rdrdl, K RAFRA) ), G, Juatil
B RHEAT IR A o
1.3 /5 &

13.1 BBEH

% 5% F: DB-624 EHE A5 (60 mx250 pm,
1.4 pm)#:¥ 40 °C (7.9 min), J5i247 200 °C (3 min); JEFE
HREE 200 °C; A0 EE 10:1 (V:V); AEifid 1 mL/min; PEEEE
1.0 pL; 25 SRS =999.99%)

Ui 4 2% i B 25 Y (electron ionization source,
ELVR), HEHLE 70 eV; B 714 230 °C; L5k 280 °C; ¥
FISEIR 3 min; R4 XA %k £ 2 F Wi I (selected ion
monitoring, SIM), HIrEF: @& F: m/z 76; EME T

m/z 78, 44,
1.3.2  AR/E &R BLH

CS, BRI L 0.1 mL CS, bRUEA (1000 pg/mL),
HIEC MBI ER R 10 mL, BCH SR E N 10 mg/L
BRI . FREL 1.0 mL SbAP g, A B E B s
10 mL, 5% 1.0 mg/L MFnEMTR . LOtohiEmt, AED
Li B AR, 4 R E N 0.02,0.05,0.10, 0.50, 1.00,
2.50, 5.00. 10.00 mg/L i) RAVbRIE TAEE W, FFHL
TAEM . AL LG B, T4 il 243 o (R R I ok
(0.02~0.50 mg/L)1#=3 J5i 5 4% i (0.50~10.00 mg/L)FiA X ] .

i AR e T MERRRSEL 0.2 mL 48 35 XUAR HEY) T
T 10 mL AR, CIEER, WS ERHIK 20.0 mg/L (14
i VR
1.3.3 HSaTaE

FREL 10 g BEAH T 50 mL T5ZS I, Ji1 20 mL 3% &4k
B -Eh MR (FREL 3.6 g EAL WA T 100 mL 5 moL/L £ )
WG %3, T 80 °C/AE TR T A4k 2 h(W ] 45 15 min #R
F8) KSR HR, LA S mL IE S AFEEL 3 min, 2B 4 °C,
5000 r/min, 5 min)/5 BX_EIERSERE . [FI2B AT 25 1k
1.3.4 48 & WAL F 690 2

SR AL B R DTCs 1] CS, BEALRCE, LA
SRR T A T AL Z 2 o HETRAS I 1.0 mL 4735
SUFRAEV T (20 mg/L) T 50 mL TRZSHE, A 10 mL /KiE
A7, BB IERR, BEJEHE 1.3.3 REALATAL S BERAE, BL
LIEWIHETT GC-MS 4 #T, HEIRA(DITHARENL CS,
HALR(2).

Zie= 201, M

X——— x100% (1)
CyxVy, fxM,

K € AT CS, v B, mg/L; vy RIACLE & %
FRFR, mL; C, I AKE 36 BUBRHERL W, mg/L; V, AAIA
e 56 AR HE R FHR I RER, mL; M, WARSERUN 43 i M,
g CS, 53 T4 N CS, I BIIE I BB, /=2,

135 #R#4H
EEf R DTCs (&= (UL CS, AR Q) HE .

X= (CX - CO) xV (2)
m

o X RS DTCs 98 5 (DL CS,31), mg/kg; Cx
AR RIS CS, B, me/L; Co N2 AW T
CS, UM, mg/L; VA IE 2 5e AT, mL; m e
HI BT, go
14 HIELIE

% FH Excel 2016, SPSS 20.0 #4145 H-40 47, M
Origin 2024 #1722 B AN [RI4H [ K 2R 119 22 52K F Pearson
7 W IEL Fisher ASHATS, MIGKUEN 0=0.05, LI P<0.05
KA G L AR FERINERKF T, EEME 6K,
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2.1 FEFFMN

LL CS, BTt ik B M AL BR (X, mg/L), CS, YT
YNAERR(Y), G322 AT e B R v R B AR I 2, Rk [l
A7 R B AR S R AL () PE LS 2, CS, BIARUER T . 251 HE
Ao TR LI 1 MEMR LG 3 55 10 R TN R Y
W, 5 HER 10 g EAARFLS mL, ATPFEEH A H B
9 0.003 mg/kg 5ERFR N 0.010 mg/kg. EFBAMEREAY
TR G 3 AR AR 2 SR R I HEA TR 3R H DTCs %
FEER g, EEME 6K, KHEE N 2.84%~4.30%, bl
R A 94.31~105.10%, PEILE 3. 408 1.3.4 IE 6 IKTR3E
SEELRN 96.13%~106.65%, KEFHEIE R 4.46%, fFEHES

=2 CSWrmErZ
Table 2 Calibration curves of CS,

O i A Rk
e RPEGI YT FERH
(mg/L) (r)
I
2 0.02~0.50  Y=11414.871363X+89.706123 0.9997
Pk g
2 0.50~10.00 Y=13452.284904X-987.958643  0.9999
15000 -
12000 -
9000 +
a
=
= 6000 |
3000 /\ FE
ZH
. J = FRERD I
6.5 7.0 7.5 8.0

{4 B 15} 18] /min

B ARIEYIBT . 25 E . FRA YA T R
Fig.l Total ion chromatograms of the reference standard, blank
solvent and sample

®3 BERIERM AT EREEEMEWE(n=6)

Table 3 Precision and recovery of thiram in negative samples

(n=6)
R At n BRI e R
JnAR R /ug
0.02 0.4 4.06 94.31~105.10
0.20 4.0 4.30 95.23~104.37
2.00 40.0 2.84 95.89~103.30

MEEACHRIAE 90%~110%Z A ER . DL S5 RF T
TRUMER T4, RERSTHE 832 DTCs 3R B T 2R .
2.2 FEIFHAFTRFE ML SRR

144 (RERZERERL R, 36 85 kil DTCs, B H RN
59.03%, FkEEHIERE 0.01~2.50 mg/kg; K DTCs ¥
AT 52.94% (5 5 25) T 100%(H 72525 22 B i 30) =2 ],
Gt R R 4. 4R RE, ARIFZEESER DTCs 19k
H R L J LG 2 L (=4.326, P>0.05).

IR ER A, M3k R 2.50 mg/kg, K
AR RIS (1.00 mg/kg). MBEFZERE, T
I MEZEIOR R R T 80%, I SEIA H A 11(59.26%)
Ak Rk, 5 A XA, P48 DR B R S
DTCs 4 B4kt 22(59.03%) 5 BEPE 44 (53.1%) 2SI F M H R 4
(55.10%) T IR MY, HW B H FHNSHARK
(27.72%) P B A3 3 17 (32.0%) P R R A5 KiHE . 25 6 & Hu B 5%
g, MR, WSS SRR, DTCs ok B I e KU 2
Sll, 3K — HUEAE AR ST b [ R A 2 B
2.3 TREIRHFH XN LEREEE

i AR AEREAR DURTH 14 ANHETTIX, AdERll &
PR (BT, LT . Bk FLARUR R B IR TE) . AR
W FE XA AR RN . SRR AR
WA . Ol 377 X (MR E R BRI . B R B ACHIE e
IRIBATHE . SR el B VATE) . HAh DKIROFRIR X . Tl
. FLIH/RIX), DTCs K LI 20 MASRIETT X K
B, PIEHE . FREVURBEHE, BURET9T . BRI A AT

R4 TEMAEFTEFRF DTCs KERBIER
Table 4 Detection results of DTCs residues in different kinds of vegetables

RS LB K HEU 5y /% HAREE/% B/ (mg/kg)
EFIRIAR KB 3 37 20 54.05 0 0.01~0.58
AR ERE 4 4 100.00 0 0.16~1.00

IR R G2 27 16 59.26 0 0.01~0.47
[EN e 5 4 80.00 0 0.01~0.27

fitf TR BRK 17 9 52.94 0 0.01~0.32
SRR B 54 32 59.26 0 0.01~2.50
it 144 85 59.03 0 0.01~2.50

e IR KAEN 0=0.05. T,
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Fisth DTCs fioky Hi %

Fig.2 Detection rates of DTCs in vegetables

AT T R 5L ) 3K FLAB /R W FUIR HER RS Hh R B T 70%,
o B S R PR A Y AGA ] 100%; AHELZ R, 9 LT AN
B IR AR 1Ak, R 20%. MASR] 327 X 57
ST, Aol 77 XA i w 82.86%. & RITK, Bis
JHEAG: HH 5 5 3 L T R BT LR R A A B 2
(=33.329, P<0.05); ARk 327 XA ) 2R 5 2 w8 T Mol 3
FRIX Ol 37 X R H A X S (7=12.491, P<0.05). Fik4h
SRR, RGTR AT S MR S5 . R E AR IR R
95 U R A LR I B AR O, AR B X R AR 2
FHZHARI s I
2.4 FEIRMELHEMEERLI

MO (FTE) . RFATTRAERFES, H DTCs kit
AR 60.56%F1 57.53%, SLit4ERILE 5. & Rrki,
SERRHIARFIRAEFR N DTCs IR R F G20
M (=0.137, P>0.05). XKW, 7EHEAT | DTCs K 255%
B 1A R i A A T2 S B R, IR R A 7

F*5 TRRHFTHELREFP DTCs HERLIER

Table S Detection of DTCs residues in various vegetables from
different sampling stages

— reTE n

wipisr R B g,
ol 71 43 60.56 0.11~0.76
(FJE) ] o

VS iE] 73 42 57.53 0.11~2.50

2.5 A[EIFEHbAEMSE REL %L
FE &L LATEAS DLJR #1577 o 32(93.06%) . Horpr, Hij= gk

SRIHE N 57.46%, SMR(ASEN AR X LIS SR M
K 80.00%, FEiTEE % 6. LRIk, Z55EM
AE T gk 3 DTCs M fs il R 22 R LSt 3 X
(=1.954, P>0.05), SMEGESEE R MK TR, W] RES HAE
K3 az iy v AT B Ry O G T B AR A TR O, @ U
SRRATT S A R A

F6 AE~HEFFERD DTCs B HIFER
Table 6 Detection of DTCs residues in various vegetables from
different producing regions

ARy KRy ot/
K 6 2% o
Frii ) 1y ik (mg/kg)
A8 DR T 134 77 57.46 0.11~2.50
W5 HIA
% 144 10 8 80.00 0.12~0.41

3 Hie5iie

ABPFEEERIL R, 2024 IS DURT G DTCs
AR LGH B AR DL A, (ELIT A i R B AT [
FERRERRAEL, 5 B KF BRI . AR DLJR HDCAG: 34
A REIR TP I 3 ()RR (4—8 B2 R
BRI, AN AR EREE 5355 A R R A HOE A, R
TR, ACHRER B DR R TR AR BT, (2%t DX
MM B, gk iz b T RE A 5 T DR T o
AT o DTCs 5k B Lt BT A al AN DCRUAE: 22
e H IS L e XUBS R 2S5 TSR AR B A 327 X
Kzt 4 825 i 55 (P<0.05), 1X 5 2 R Mk 254 5 0 35 K A
UG . HEAh, SPRBESAG 3 o T A, 1A [R5 B



148 B 24 iR AR I 2 4l

FH1TE

WIBRJC2E S, $/n W8 W IRl B S AR L A 7= 5 AR b IR A
5, R MET DTCs kBB AR E, [ ABEKIHE
N B TETE AR B ARG, ORI SC BRI T Rpemsm 25 W4, 18
FA PTG Z . AT RRIZ ISR AR P 5 %
f 2B B AT T b S R . R, RO 2
SR FHIE M35 vk 2 LA R ARk B 45 A RUER B4

AW PAAAE—E R BRI TR A A A
K -GC-MS L TCIEXHRAREE A . 5 9 WS HAR A 24 FL ik
HEATIX 4y 5 e B ah, B4F GB 2763—2021 5 GB
2763.1—2022 {4 DTCs SAARTERRE 532 A fe 5%
FARR AR HALE, MoAREST DTCs MR BRIEFRE ik, %
WS IF R SE R DTCs 4% B3 1 Wi Fn JRUBs: B-Ad, 1T 58
AT bR, BT YA, R it — 4 ¢
1 DTCs B3 R AN Ko H Rk 72 B A 1IE .
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