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FEROAAL B RO €3 - ER BT % (ultra-high performance liquid chromatography-tandem mass spectrometry, UHPLC-MS/MS)
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2.763% ~4.275% ), AR 31 A IXURS: 25 5 AN SB35 (P>0.05) S8R L RITER 50 1) R 300 5 R A0 e e 8 XL A ] 42 32 318 L K-,
B2 JE S PREE B 1 I B A W B R BUWE I AR T B9 2 AR 2B 2B 2 8 IR HOR R 2 b U L B4,
KERIA: BEUNE RGBT REM ; KUBSITA 5 BR A7 8 5 At pBURR

MERS: 1673-5897(2024)1-243-09 FESES. X1715 XEARIRAE . A

Exposure Risk Assessment for Dietary Cyanamide in Grape Based on Re-
sidual Characteristics in Producing Areas of China

Li Suzhen'”, Kang Shanshan'?, Liu Fengjiaol, Li Li**, Zhao Lilin', Li Wei', Chen Zenglongl’*

1. State Key Laboratory of Integrated Management of Agricultural Pest and Rodent, Institute of Zoology, Chinese Academy of
Sciences, Beijing 100101, China

2. College of Plant Protection, Shanxi Agricultural University, Taigu 030801, China

3. School of Life Sciences, Hebei University, Baoding 071002, China

Received 29 August 2023 accepted 29 November 2023

E&TH . HEK A RPH 54 (31801771 ,32230066) ; B 5 1 i #F & 114 (2016 YFD0200203 -2) 5 Ll 74 45 1 4= 5l A= ok & T/E B 33t H
(SXBYKY2022055)

F—1EH . B FEV(1999—), Lo, LRI Az W98 5 W) AR 2558 B8 5 P35 5 B E-mail: lisuzhenl 104 @163.com

* @15 1E3& ( Corresponding author) , E-mail: chenzenglong@ioz.ac.cn

# HEEE1E& (Co-corresponding author) , E-mail: sxaulili@ sxau.edu.cn



244 £ 0 #H O ¥ M 194

Abstract; The evaluation of short- and long-term exposure risks for different dietary consumption populations is
meaningful for the health maintenance of residents and the sustainable development of our ecosystem, based on the
residual characteristics of cyanamide in the main producing areas of grape across China. A rapid and effective
analytical method was developed to trace cyanamide in grapes in this study. Target pesticide was extracted with
acetonitrile in samples, then purified by dispersive solid phase extraction, and finally determined using ultra-high
performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS). The mean recoveries and relative
standard deviations (RSD) of cyanamide were 85% ~92% and 33% ~10.5% in the grape matrix, respectively. The
retention time (RT) for cyanamide was 12 min, and the limit of quantification (LOQ) was 0.001 mg-kg™'. Cyanamide
could be stored stably for 184 d at least in grape samples in the frozen under dark conditions, with the degradation
rates of 13.9% ~ 24.1%. The terminal magnitude of cyanamide ranged from 0.001 to 0.003 mg-kg™', and the
supervised trials median residue (STMR) was of 0.002 mg-kg™'. The highest residue (HR) of 0.003 mg-kg™' was
lower than the maximum residue limit (MRL) of 0.05 mg-kg™', which was established by China and other countries.
The acute risks of cyanamide for dietary grapes were from 1.600% to 25.346%, and the children suffered from the
worst exposures (ARfD%, 25.346%), followed by the general population (ARfD%, 3.623%) and the women of
childbearing age (ARfD%, 1.600% ). The chronic dietary risks were between 0290% and 4275% for all of registered
crops, including cherries, kiwi fruit and grapes. The exposure risks for urban residents were significantly higher than
that of the rural residents (P<0.05), and the most serious dietary risks were observed in children aged 2 ~ 6 years with
ADI% of 2.763% ~ 4.275% . None of significant differences of chronic risks were obtained between genders of
populations (P>0.05). Despite both dietary exposure risks of cyanamide within acceptable levels, the potential hazards
amplification should be continuously assessed, given the increasing application and cumulative effects by multi-crops
and multi-modes exposures in the biological chain, especially for the susceptible urban children.

Keywords: cyanamide; dietary groups; risk assessment; residue behaviour; storage stability
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A BRI ] 5 P I S (A0 98% )b v Al I R [
MG ZEREES A R AR, Rk 2l 485 (C,H,N) Al
PIER(CH, COCH,) Il A i [E g Je /R 9 5 (L) A
BRN 7], 20 Hr 4l B R 494 (Na, CO, ) I 1 Fp [ 75 B £k T
B A BRA T, 43 Hr 4l IR S 40 (NaHCO,) 11 F v [E
B | BT TR 1 A IR/ =i B VAN S8 - B2 955 e
(C18)  JC/K R B (MgSO, ) Al £ 88 1k 7% B (GCB) th
R N SER R B AT B Rl L
1.2 HEHLER
1.2.1 ek S5tz

FH (B8 1 2022 4R AE 3% A 4G 17 KT e, 2
RIS S fE B LR 1, R0 /N X e B A 2 5% B1 16
VNI N R AR B R A A D 8 Bk
AN RN AT B LA BT, 558 iR A (/N IX
WG S B AT K BBk B St 25 7 ol 25 000
mg a.i.-kg™ TERAIRIR &K A SR & ZF 0T 30 ~45 d
JEZA T2 1 UK, TE A A ORI SR A e B R BAAE fh
1.2.2 FESCRAE S i

SR HBEAL T R, /INX A7 AR AT HE 25 5 i
05 m WARFE, B/ RERDLT 8 M LEAD
12 BAKIER JORENHEERI(=1 k), RED
A K b i R

o A W UG A 7 i b A 245 58 P it iR e ik
BN (NY /T 3094) 47 ) 45 K& o0 v fif el R o 14 A
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min, 75 48 FC5706 7 {5 2B 0o AL 15 B8 5% 1y [l s
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15533 B0 L (Thermos Scientific 23 #))10 000 r+min™
B0 1 min, B 0.5 mL b5 B4R EUR T 2 mL B
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SE A 0.5 mL FHisfh EpE S N B, I E 1 min,
F 50 CARPAA 1 h, AFAEJE L 10 000 remin™ B0
1 min, B E3E WL 0.22 m 38 B8 T HE RN 4
UHPLC-MS/MS i€ .

1.3.2 ik 5FiES5%

Waters ACQUITY UPLC BEH C18 {754 (100
mmx2.1 mm, 1.7 pm); 73 020 mL-min~" ; #E i 3
wL; Fi s AR 50% 2 Fil 50% #E4liK, R FH e st
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2747258 W FEfAE B 30 'V JE B SR E] Y 0.163
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ARDY% J a2 tERE A KK FIE, 4 ARMDY% <
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100% FiF, T 27 2Pk 48 ARG A AT 42252 2
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ADI% =—————————x1009 7

% ADI & @

#H . NEDI (national estimated daily intake)Z& 7 [E 5
fhAE A E A H A S, mg-kg™' -d”' ; STMR (super-
vised trials median residue)#% 7 FLF 5% B HH , mg
kg™ F, o BRI E—EMAHE R, kg-d
TMDI (theoretical maximum daily intakes)Zé 7~ i f
KHEA R, mg- kg’1 -d™'; MRL (maximum residue
limit) 3% 7% BRL 50K B KB% B PR i, mg - kg™'; ADI
(acceptable daily intake) % 7~ % H fﬁﬁ%/\g,o.ooz
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100% I, 7R 18 P £ A XU o] 4% 57 ; *4 ADI% >
100% B, W 7R A8 PEHR AR AN 1] 45252 22
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T PG B G H BR (limite of detection, LOD) A
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EmPR(limit of quantitation, LOQ) I 38 1 it & 7 Hr
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2.1.2 RS, ER EE R

AU AE B A PR IR I K S 43 Sk 0.001
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JACER , UL i F- 34 DR R 85.0% ~92.0%
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HIATRE W Hp PR N RO e o B 55 4K I #6
(-84.10%)>#10 (- 82.34%) >#9 (- 81.98%) > #7
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=2 T iy B 31 1B SO P N i N 1
SR FH 3 5 DG FC A 5 LA A oSSR 07 4o PR AU S
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Table 2  Storage stability of cyanamide in grapes

fift PR TR A
) Storage test sample Quality control sample
B R/ — - - - -
S . B B ok AR HE (R 22 /(mg - kg ™) TR WA % PR % XS v A 22/ %
ample Storage period/d

Residue + standard

Average degradation

Average recovery Relative standard

deviation/(mg-kg™") rate/% rate/% deviation/%
0 0.535 + 0.007 / 785 153
ko] 29 0465 + 0.007 139 106.0 13
Grapes 90 0410 + 0014 24.1 76.0 0.6
184 0455 + 0.007 15.7 845 75
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1 139% ~24.1% ,35/NTF 30% , B BN AE 6 2
B R A I 20k 184 4P, X AT HE S
% pH {HGB.0 ~4.5)8BA%A ¢ K pH I EE AR Thk
G r PR IRUNG (Y R O A % A T A 230
Gz PR I R A B AT PR 7 AR 245 1 e fip i o
FEAT S5 I S LA OGP g LU A i
RS fi U 1 R B R U B, X Rl RE S AT A
PR 22 A CPY ) AL A2y M R E PR iR
A 245 BRAR RSB PBE T B K P R IO )P 4
YIRS, DRI P50 e A A 2 1 i RS P 2
SRR — R R e | 70 5 LR 5 o 75 S TR ff AR
S PR 2 0 DR 28 A B
2.3 FABR KSR

PASE U A A R e 24 5R B R 0.001 ~ 0.003
mg-kg™' ,STMR 4 0.002 mg-kg™' ,HR 4 0.003 mg-
kg™ o I TR E R A 32 DX U v
JEARA R IR, BTN AE A 2 T 5 R A 0.002
mg-kg™ [HJE#6 FI# BYFREE S35 T H AR 4,
#6 FI#9 [m) & BT 2 KU, AT DL B R B P
SRR T YIRS 2 7E/E
Y1 ERER B KT #8 s e 7 b AR B i
TH ALK LGP PR 8 5 SR A5
BRPY R EE KRR F RN R ., Bl
TR St T BN A 4 A L 04 BB S 0.05
mg- kg™ ; B PG 22l T B EU AR A 4 T MRL
0.05 mg-kg ™' ; KRB R0 (B 7E AR H1 ) MRL — R
FHBR 001 mg-kg™' o PR XA 2R EH  US3R 2
PR ) HR B S A T3 04 =2 | KRR RN [ A

Lk

Urban females

SRRk

Urban males

11~13-
14~17+
18~29
30~44-
45~59—
60~69-

>70—

MRL, 3X hp Ji S 5 2 5 KU AR B T SERt s
2.4 BB R EE AR IEAL
2.4.1 Z2MERGERE

AT A K E G R RS S W S5 AR
P 5@ N3) ~ @)W R EDILE | — AR E
WA 102 FH A A A L FUR 1 2 PR B XU, 2521
W3R m R4 b U R B 2 B R
IS Bl R 1.600% ~25.346% , Hidh JL # 52 58 XU
B 5 (ARfD% , 25.346%), — it A FEIR Z (ARfD%,
3.623%), B IH AR (ARTD% , 1.600% ), ¥4 7E A
F3Z 0 B (<100% ), 156 W 4 74 Hh B S5 o 38 (] s
PRI I B AR i KU ALK . LB Y 2 P R £ 2 R XL
B — AR B 1R a4 7.0 F5F0 15.8 %, WF5%
AR AT BB LB A9 B (AR 0T e s B 4B i
m P FECL AR BB AR R T AR, i,
FE H AT b e B T A LR A AR kA e A
WS AR — &Y, DIRRAIR S £ 2 88 KUK
2.4.2  f@PEREE XK

AL A B ADI0.002 mg-kg™) L EHE
YEYIBERE(MRL, 0.01 mg-kg ") FIikERE(MRL, 0.01
mg-kg " BR AR ERT Gl (S) ~ (7)), WAL B U
XFFR [ B A8 M 2 R AR, R BT 1 AT
S XS T 0.290% ~ 4.275% , 35 W B i
X3 B RASAEAE AT 4257 B K I £ 2 58 AU (<
100% ), FHorbr, #5245 i KU B (B o5 H o 0.023% ~
0.335% . B X 9 4 JE [ (ADI%, 0.825% ~
7.375% VA0 1 IR £ % B U 2 TR A R IR
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Fig. 1 Total chronic dietary risk of cyanamide in registered crops
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TR E D R (44 3 ~ 884 o)W 4G U RE LI 2h i
FETARMNIERA12.8 ~48.1 g), IR AM, EaE
AR A 5 N PRI 2 A5G, 2 ~3 25 B
HifE B (ADI%, 3.361% ~4.275% )4t i R
XU B 1= (ADI% , 3.112% ~3.743%),70 % L iy
A B SR XU 1 56.(0.290% ~0.294%), 3% &
SRR 5 A AR I 1A B, B R i R L B
ERAREE 50T 203 E= R AR R XK
W R 25 R — S0P R 7E H R IR E T R
OGRS  H IX LB A RSO IR 1 R R KU

ZE LTI AR R

(1) AWF5E 38 37 UHPLC-MS/MS 454543 B [ +H
IR ST T U AR A A R T e R A
SR, PR 0.001 mg-kg ™", £ 84 i [i]
12 min, Z AR RE ot BEBON; K H FR AN
e PR MER SR A5 e T T TA R BER
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