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Risk Assessment of Exogenous Harmful Residues in Polygonum Multiflorum
Thunb and Its Correlation with Liver Injury

Wang Ying#, Jin Hongyu#, Li Yaolei, Liu Yuanxi, Yang Jianbo, Gu Donglin, Zuo Tiantian, Wei Feng, Ma
Shuangcheng’ (National Institutes for Food and Drug Control, Beijing 102629, China)

Abstract Objective: To study the exogenous harmful residues and carry out risk assessment in the decoction
pieces of Polygonum multiflorum Thunb (P. multiflorum) in order to preliminarily evaluate the medicinal safety
risk of P. multiflorum caused by exogenous substances. Methods: The residues of 187 pesticides (including
33 banned pesticides) in P. multiflorum were determined by gas chromatography-tandem mass spectrometry
(GC-MS-MS) and liquid chromatography-tandem mass spectrometry (LC-MS-MS). Five heavy metals and
harmful elements were determined by inductively coupled plasma mass spectrometry (ICP-MS) method, and

four aflatoxins were determined by high performance liquid chromatography with column photochemical
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derivatization. Meanwhile, the hazard index method and exposure boundary ratio method were used to
evaluate the risk of harmful residues detected in P. multiflorum. Results: Aflatoxin B1, B2, G1, G2 and 33
banned pesticides were not detected in 53 batches of samples. The other detected pesticide indexes included
carbendazim, acetamiprid and pyraclostrobine, and the detected residues were less than 0.01 mg/kg. Hg was
not found in the heavy metal detection, and the detection values of Pb, Cd, As and Cu were lower than the limit
specified in the general rules 0923 of Part IV of Chinese Pharmacopoeia 2020. The risk quotient of pesticides
and heavy metals detected in P. multiflorum was far less than 1 by the hazard index method. Conclusion: The
risk caused by exogenous harmful residues in P. multiflorum is low, especially the exogenous harmful indexes

that can cause liver injury are not detected, indicating that there is little correlation between liver injury and

exogenous pollution.
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St LREEN T Az S28 LRI Az
2 LN A $29 LRI Az i
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1.1.3 il SFE

RPEFMEIER (H2%%F, 3 mL) , HLB
A A B (225E/8500 mg, 6 mL) , D-1LALEE
(#5CAS50-70-4, ZE[ESigma/NH] ) FID-FZHHIR
NHE (45 CAS53336-08-3, ZHaifbmi Toll k=4
) o IS4 ZNE (Thermo Fisher ) , (ol H i
( Thermo Fisher ) , SALEN . AHIREE HABIAFH A
ortiral CEZGER ) |, AChE R RZERK, Eills

B 2 TR A 0T R B B A B SR R T A X A TR 34 T
T E &2 R E R, AR ZTR A X IR
IR T S 2 R AR B, HAtb e 25
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ERFACE AN, At A 27 BR AR A VAR A T Tl A b 23
PRk s O 2506 1R ShaE i, I e il ek 1 A
100 pg - mL VA, T -20°C% B GIR-E

2

G REGEFR D5 T G KRR I T

1 IR GC-MS/MS 114 DR LC-MS/MS

2 TR GC-MS/MS 115 427 7] LC-MS/MS

3 F GC-MS/MS 116 HH el LC-MS/MS

4 SR GC-MS/MS 117 AR LC-MS/MS

5 PN GC-MS/MS 118 GRS AT LC-MS/MS

6 FARR GC-MS/MS 119 RN e LC-MS/MS

7 KL GC-MS/MS 120 Wk LC-MS/MS

8 AHUK GC-MS/MS 121 B LC-MS/MS

9 ANER GC-MS/MS 122 T I, LC-MS/MS

10 FPEwS GC-MS/MS 123 ZHR LC-MS/MS

11 a-7NAN GC-MS/MS 124 SR LC-MS/MS

12 BT s GC-MS/MS 125 B LC-MS/MS

13 FE AR GC-MS/MS 126 A LC-MS/MS

14 F5A GC-MS/MS 127 WE U LC-MS/MS

15 Eravavaul GC-MS/MS 128 3EIE T H R LC-MS/MS

16 R GC-MS/MS 129 AN LC-MS/MS

17 WA GC-MS/MS 130 W bk LC-MS/MS

18 EEGEN GC-MS/MS 131 RN LC-MS/MS

19 FiRR GC-MS/MS 132 A b e LC-MS/MS

20 SRR GC-MS/MS 133 TR LC-MS/MS

21 B - AN GC-MS/MS 134 K 2, R i LC-MS/MS

22 2,4- 1 T B GC-MS/MS 135 LB LC-MS/MS

23 JVA A EE GC-MS/MS 136 ] P i LC-MS/MS

24 FE RN GC-MS/MS 137 N LC-MS/MS

25 LIFEALA GC-MS/MS 138 FEE LUK LC-MS/MS
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i KGR D5 T G RETHFR W5E ik
26 LB GC-MS/MS 139 LRiARH, LC-MS/MS
27 SEELE GC-MS/MS 140 Wil LC-MS/MS
28 Lt GC-MS/MS 141 T, LC-MS/MS
29 N Avavall GC-MS/MS 142 B A LC-MS/MS
30 ] GC-MS/MS 143 WEAR LC-MS/MS
31 H GC-MS/MS 144 DR /N LC-MS/MS
32 L RE R GC-MS/MS 145 WE WM LC-MS/MS
33 g GC-MS/MS 146 PURLG LC-MS/MS
34 FH 5 R FE it ik GC-MS/MS 147 IREHEI LC-MS/MS
35 FH BT M GC-MS/MS 148 F R LC-MS/MS
36 X s GC-MS/MS 149 Tk sk Pt LC-MS/MS
37 TR GC-MS/MS 150 AR LC-MS/MS
38 FH R I GC-MS/MS 151 LSRR fe LC-MS/MS
39 5K GC-MS/MS 152 TEE A LC-MS/MS
40 FRHER GC-MS/MS 153 hERE LC-MS/MS
41 S HVEL GC-MS/MS 154 L LC-MS/MS
42 T GC-MS/MS 155 e LC-MS/MS
43 = GC-MS/MS 156 At LC-MS/MS
44 NCPe GC-MS/MS 157 SEEZ 78\ 2T LC-MS/MS
45 ENEC R AT GC-MS/MS 158 SR LC-MS/MS
46 AU GC-MS/MS 159 SN LC-MS/MS
47 E R GC-MS/MS 160 A B LC-MS/MS
48 S GC-MS/MS 161 MRt LC-MS/MS
49 X B GC-MS/MS 162 PRA LC-MS/MS
50 A GC-MS/MS 163 FF T BB LC-MS/MS
51 ZHIER GC-MS/MS 164 EZ U LC-MS/MS
52 L et GC-MS/MS 165 LRI ™ LC-MS/MS
53 s GC-MS/MS 166 VR UREIUN LC-MS/MS
54 FTHE GC-MS/MS 167 T LC-MS/MS
55 SEHIEE GC-MS/MS 168 FhELG LC-MS/MS
56 W TR A e GC-MS/MS 169 s ik e LC-MS/MS
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SRR s R ACEUTICAL ATAIRS.



2022 10 36 10 1139

2
' REGLFR D5 T2 G KRR I T
57 K Rt GC-MS/MS 170 LB LC-MS/MS
58 T ERE GC-MS/MS 171 IR TR LC-MS/MS
59 R GC-MS/MS 172 et LC-MS/MS
60 JEEF) GC-MS/MS 173 R LC-MS/MS
61 o - Bt GC-MS/MS 174 JIF P s LC-MS/MS
62 R GC-MS/MS 175 WE R LC-MS/MS
63 RN GC-MS/MS 176 FLIRm LC-MS/MS
64 ISR GC-MS/MS 177 PRt PR e LC-MS/MS
65 I 2 i GC-MS/MS 178 KERHE LC-MS/MS
66 WEE K P GC-MS/MS 179 T TR LC-MS/MS
67 p.p'- RO GC-MS/MS 180 i LC-MS/MS
68 T GC-MS/MS 181 % IR LC-MS/MS
69 LR R GC-MS/MS 182 FR AL LC-MS/MS
70 LAk GC-MS/MS 183 SRR LC-MS/MS
71 TR GC-MS/MS 184 L I LC-MS/MS
72 AL GC-MS/MS 185 MR LC-MS/MS
73 o.p'— TS GC-MS/MS 186 a1 LC-MS/MS
74 s i GC-MS/MS 187 Dk fif frie LC-MS/MS
75 LRI GC-MS/MS 188 B LC-MS/MS
76 Sk FEH GC-MS/MS 189 L LC-MS/MS
77 SR e GC-MS/MS 190 R LC-MS/MS
78 A=A GC-MS/MS 191 RE IR LC-MS/MS
79 A MG GC-MS/MS 192 yoAlts LC-MS/MS
80 p.p'— TR GC-MS/MS 193 =k LC-MS/MS
81 T = GC-MS/MS 194 PR R LC-MS/MS
82 i GC-MS/MS 195 Tk LC-MS/MS
83 B - Bt GC-MS/MS 196 R LC-MS/MS
84 p.p'— i GC-MS/MS 197 TR LC-MS/MS
85 R GC-MS/MS 198 M Pk P i LC-MS/MS
86 e GC-MS/MS 199 DU i LC-MS/MS
87 A A TR GC-MS/MS 200 IEEERE LC-MS/MS
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' REGLFR D5 T2 G KRR I T
88 B AR GC-MS/MS 201 Hb R LC-MS/MS
89 FE B GC-MS/MS 202 TRIERE LC-MS/MS
90 fE RN GC-MS/MS 203 ke LC-MS/MS
91 =R GC-MS/MS 204 Efi dal LC-MS/MS
92 R R GC-MS/MS 205 ;!i igg YR LCAMSAS
93 TR GC-MS/MS 206 HE PR it LC-MS/MS
94 FH s 2 ik GC-MS/MS 207 B 1% i LC-MS/MS
95 Sk GC-MS/MS 208 Gl LC-MS/MS
96 JHe 5T GC-MS/MS 209 FIE R LC-MS/MS
97 ISR SR GC-MS/MS 210 2. i LC-MS/MS
98 KR GC-MS/MS 211 B LC-MS/MS
99 IR GC-MS/MS 212 XU fpk LC-MS/MS

100 SR G GC-MS/MS 213 Wk 72 LC-MS/MS

101 IRk GC-MS/MS

102 R GC-MS/MS

103 FhEme AR R R GC-MS/MS

104 SRS A GC-MS/MS

105 IEEERE GC-MS/MS

106 B GC-MS/MS

107 Bk 2 T GC-MS/MS

108 KRR GC-MS/MS

109 SR A S GC-MS/MS

110 i SN GC-MS/MS

111 TR ST GC-MS/MS

112 P UL EENIY GC-MS/MS

113 W TR T GC-MS/MS

e IR R .

1.2
1.2.1 FESLIE ik
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g,

(2) ARZGFREERM . BT Z25%, RH
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W2 min, B, HIHFPHRIEERD LR, 50°CHK
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1.2.2 KPR 5

2o R B 0 KU PR AL AR T S R
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AWIRA, TR 258 R B BT 2y
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flip AR IR . R ER VAL R A i 2 T
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A 2 5% BR LB IR DAL S Rl 4B AT . R 25 A0 52
EEVTAR — B 50 Ry 2 R R DA RS 1 R 1A
ARG AT S R AR, B HAR 2R R
PEAT IS MR BITAN , HARSE AR RS B #5719
WP E, 7E A8k B Al % 8 T P 2 IR

R K R AERRTY, e R E O,
W= (1) .
EXPc:EFxde]xth At (1)
AT x bw

AR (1) . EXPchiB MRS 7 E &
(mglkg bw + d) 5 EFRIRABR, heittsiin s
IR FHA0 R A Pos (8T iE OO KA Edly—: iy 2
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H204F; D ¥ H IR (kg - d7') , HEEMEH
(e NRILFEZ5 80 ) ol 150 H A&7
B, DM A SRS B 8 m EAR AT
B, H10.009 kg ROHFE M RS HI A 25 172401
(mg - kg™') 5 LR ERIUNT S5 R 2 105
2, WAAHEIRRZ, BRI A AR 2 Ty
KRR T RIS T XU e KAk
ZE, RGREEIEAL R ¢ WAL, BB
PR LR B iy AT RV 54 RE=365K/
A x 704 bw iy NIRIKEE, —%63 kelt s

XIS A3 32 R 6 K R 24 £ T e AR A
BTN AT, BRI B A A T
AW, X TA @R R E A, DR,
PN 53R TE 50 ( Reference Dose, RfD) f
Hefl, 5Ll —E %4 Z2480 (Safety Factor, SF)
DAPEAN AR o FEARER KBS HE R b, RED A
A ZjEE H RiF AT (Acceptable Daily Intake,
ADI) , Z4&HFSFR100, MR ( Chronic
Hazard Quotient, HQc ) T Izl A=k (2) .

HQc=EXPc x SFIRfD wa(2)

(2) H4JE K PEAE E"

T HESE A F IR, EAK
RE, TR BRI 08 M R A
XFF 2 b 4 JE ) B R IEAR R B K
(1) R HRER R . AR TRALRR,
04w R AR AR B — , BFR A . IR
A SCERIRE 25 A IR TN 9Y , g5 13 7R K
FIELMEF, Pb, Cd. As, Hg. CuflefEH551 N0
14% . 14% . 35%. 24%. 14%"7, SAEAR KR
WAS T AT R R R, EEE XS HTR
R DA 2R 5 e SRR R E R LU R, [
(2) o ARTRAPRE A, ETEEEN—
PRt V5 e ), TERREE D AR SRR, e
TR N rh e e 2110, MRIEE A
B, FIOUR ARG HEA LS T A EREH
VFEEA B, WPhb, Cd. As. Hg. CufRID4>
#1.3, 0.8, 3, 0.6, 500 pgkgbw +d",

(3) v aE R KU PPl

o A7 75 2% B 1B [ B dss e A X HLAA SR B
T, XSS PPAN R SE PO EEA DB, (AN
[l A E G )R, whE R R KRS 2R ]
e gE A (Margin of Exposure, MoE ) 2O
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26 KB s A AR IME AT B AR P A 3R i
it AR 268 i 2 [ Y EL ke s MU R, L
A (3) .

MoE = BMDL/EXP 2K (3)

A3 (3) . BMDLATRF AL A& 9 0 S
F 4 ( Benchmark Dose Lower Limit, BMDL ) ,
EXPAHEA G o X Tt 280m Y, ol & i
‘4 J7) ( European Food Safety Authority, EFSA )
A MoE(E > 100000, REFAl 164 9 i B K
B AR, RSk AR RE ™= A i s M MoE
{EL < 100000, WFREPEAL A G 0 H A i AT REXS A
PGB AR gl 5 RIS AT AARE MoEYE s L 34E
K HEAAEH AR 25 HEA T KU 70 2%
2
2.1

X534t A T 5 T Y 18 7Rl A 2 4 bR HEAT T O
2, HP R HGC-MS/MSIENE 1 11374k 2

B, AR LC-MS/MSELIAE A 1004 24 B
BAZy E R FBRTE0.001 ~ 0.02 mg - kg™, fihx A
WRTE60% ~ 120% , RSDEMET15%. 45FHEMH .
187/ R Ha R (213 R 2GR ) g 3fhfk 2l
Ry, R R . 0E AR R TR R, A
HRINH5.6% . 3.7%F1.9%, 5% EHET0.01
mg + kg™, FEAREE LIS,
2.2

XiF 5 3L AT 1 L B 5 P A SR R 4 JE T UE AT
8T, Pb. Cd. As. Hg. CufyE & R4 HR
0.05. 0.005, 0.03. 0.01, 0.003 mg * kg™, JFx
AR AET0% ~ 110%, RSDIYMET10% ., 45H %
Bl . S3HLAE S He Rk, PhEgK: H B N
0.05~1.36 mg * kg™, CAAYKEHITERI40.01 ~0.30
mg - kg™, AsHUKEEF40.02 ~ 0.36 mg - kg™,
CufH HHYEE 41.02 ~ 4.41 mg - kg™, EARKE L
3.

3 mg- kg
i Cu As Cd Hg Ph ML A ik T i ZHR WE H ik
71 2.99 0.10 0.02 < 0.01 0.16 < 0.001 < 0.0005 < 0.0005
72 2.62 0.09 0.01 < 0.01 0.12 < 0.001 < 0.0005 < 0.0005
73 2.58 0.05 0.01 < 0.01 0.08 < 0.001 < 0.0005 < 0.0005
74 2.88 0.08 0.01 < 0.01 0.13 < 0.001 < 0.0005 < 0.0005
75 2.57 0.06 0.02 < 0.01 0.10 < 0.001 < 0.0005 < 0.0005
76 3.94 0.08 0.07 < 0.01 0.22 < 0.001 < 0.0005 < 0.0005
77 2.46 0.11 0.11 < 0.01 0.33 < 0.001 < 0.0005 < 0.0005
78 2.61 0.06 0.01 < 0.01 0.10 < 0.001 < 0.0005 < 0.0005
79 1.73 0.36 0.30 < 0.01 0.37 < 0.001 < 0.0005 < 0.0005
710 3.15 0.11 0.05 < 0.01 0.75 < 0.001 < 0.0005 < 0.0005
S1 1.02 0.06 0.04 < 0.01 0.05 < 0.001 < 0.0005 < 0.0005
S2 1.14 0.05 0.02 < 0.01 0.11 < 0.001 0.001 < 0.0005
S3 2.28 0.06 0.01 < 0.01 0.23 < 0.001 0.001 < 0.0005
S4 2.05 0.04 0.04 < 0.01 0.05 < 0.001 0.001 < 0.0005
S5 2.13 0.08 0.01 < 0.01 0.11 < 0.001 < 0.0005 < 0.0005
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3

H Cu As Cd Hg Ph A ik T2 i ZHR WE H ik
S6 1.83 0.07 0.09 <001 0.08 < 0.001 < 0.0005 < 0.0005
S7 2.65 0.06 0.03 <001 0.06 < 0.001 < 0.0005 < 0.0005
S8 2.89 0.05 0.04 < 0.01 0.12 < 0.001 < 0.0005 < 0.0005
9 1.59 0.04 0.05 <001 0.19 < 0.001 < 0.0005 < 0.0005
S10 4.41 0.13 0.03 < 0.01 0.23 < 0.001 < 0.0005 < 0.0005
s11 3.92 0.20 0.02 < 0.01 0.41 < 0.001 < 0.0005 < 0.0005
S12 3.17 0.05 0.01 < 0.01 0.10 < 0.001 < 0.0005 < 0.0005
S13 221 0.10 0.05 < 0.01 0.19 < 0.001 < 0.0005 < 0.0005
S14 2.38 0.04 0.05 < 0.01 0.39 < 0.001 < 0.0005 < 0.0005
S15 1.05 0.05 0.10 < 0.01 0.08 < 0.001 < 0.0005 < 0.0005
S16 2.28 0.06 0.10 < 0.01 0.11 < 0.001 < 0.0005 < 0.0005
S17 1.23 0.07 0.10 < 0.01 0.23 < 0.001 < 0.0005 < 0.0005
S18 1.06 0.10 0.08 < 0.01 0.06 < 0.001 < 0.0005 < 0.0005
S19 1.55 0.05 0.12 <001 0.12 < 0.001 < 0.0005 < 0.0005
20 1.02 0.04 0.15 < 0.01 0.15 < 0.001 < 0.0005 < 0.0005
s21 1.45 0.03 0.06 <001 0.17 < 0.001 < 0.0005 0.001
S22 1.58 0.02 0.01 < 0.01 0.08 < 0.001 < 0.0005 < 0.0005
$23 1.87 0.04 0.02 <001 0.16 < 0.001 < 0.0005 < 0.0005
S24 2.05 0.07 0.03 < 0.01 0.21 < 0.001 < 0.0005 < 0.0005
25 1.98 0.08 0.04 < 0.01 0.25 < 0.001 < 0.0005 < 0.0005
$26 245 0.03 0.02 < 0.01 0.28 < 0.001 < 0.0005 < 0.0005
S27 3.12 0.05 0.04 < 0.01 0.31 < 0.001 < 0.0005 < 0.0005
S28 3.32 0.14 0.03 <001 0.23 < 0.001 < 0.0005 < 0.0005
$29 2.08 0.03 0.05 < 0.01 0.19 < 0.001 < 0.0005 < 0.0005
$30 2.32 0.04 0.02 < 0.01 0.17 < 0.001 < 0.0005 < 0.0005
$31 2.56 0.18 0.02 < 0.01 0.34 < 0.001 < 0.0005 < 0.0005
$32 1.85 0.12 0.01 <001 0.25 0.0096 < 0.0005 < 0.0005

T Pa P
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3
Y Cu As Cd Hg Ph NI ik T i ZRR E K
S33 2.47 0.15 0.04 < 0.01 0.42 < 0.001 < 0.0005 < 0.0005
S34 2.98 0.15 0.19 < 0.01 1.36 < 0.001 < 0.0005 < 0.0005
S35 3.02 0.20 0.02 < 0.01 0.32 < 0.001 < 0.0005 < 0.0005
S36 2.20 0.09 0.03 < 0.01 0.26 < 0.001 < 0.0005 < 0.0005
S37 2.43 0.24 0.03 < 0.01 0.47 < 0.001 < 0.0005 < 0.0005
S38 1.74 0.12 0.02 < 0.01 0.36 < 0.001 < 0.0005 < 0.0005
S39 1.61 0.05 0.03 < 0.01 0.28 < 0.001 < 0.0005 < 0.0005
S40 1.29 0.08 0.01 < 0.01 0.31 < 0.001 < 0.0005 < 0.0005
S41 2.34 0.05 0.07 < 0.01 0.08 < 0.001 < 0.0005 < 0.0005
S42 2.63 0.25 0.01 < 0.01 0.35 < 0.001 < 0.0005 < 0.0005
S43 1.71 0.06 0.02 < 0.01 0.13 < 0.001 < 0.0005 0.003
2.3 0.02 ( EXK) ~10 (XM ) mg - kg™, Ho 2

& B R E kA R BN 4R Bl
B RE R MR N 82.3% ~ 105.5%, RSDIJET
7.2%, AFPEMEREREKH TR0 pe - ke
SR FHHPLC I X S3HERE & rp 470 25 ith 25 2 b4 7
5E, IR FTHPLC-MS/MSIENT E RIS HBE A 756
UE, S5 FUAT 5 A SR TR B AR o A
3
3.1

ML AL Sl 00 7 45 00, S3IAE Sl R 33 AR Ak
GG, A A A A 24 6 455 b ne ok R T
Z TR R FINE UK . 28T 3077 v 245 A0 SC A o v oK 2
SEMERE FHBR B, WESH T (BT YR
KIREA IR GB 2763-2021 ) FrufEXt#e Hi A 25 215
FEBRPEAT IR ARG A AR 25 R KR A
TR, e Fik o 5 19 e KB B BR i ( Maximum
Residue limits, MRL ) JZHI40.02 ( £ % ) ~30
(FF3E) mg - kg, HASTZ5 M ASHHLE
0.5mg - kg''; ZHAKMRLILF H0.02 (BiE ) ~
20 (T mg - kg, H 2 IR = -LHARF
IARAIMRLAA N T mg - kg5 BE HUKAIMRLIEE Ky

V@O i iR CEUTICAL AT

YA MRLIE }0.05 me - ke % ILFREE,
WIS 3HERE SR A 2GR IS . TRl ARAE
“1.2.27 T H XU ARy R A 25 7= A 0 XU a1 7
SIHT, AT IR AT . 22 TR 5 FIE PR A2
P XU 743531 20.00004 . 0.00002, 0.000008,
LT, RO A s o R F ] B S 25 h 4 A
2 1 il R AR AR AT o
3.2

HEEBERERAZSS (e NRILAEZ
H) 20204E R “9302 H2hAg E AL B YRR E
PR, B T R A2 A B R Y
HERMAECE -SHERERSE, 2500
AELS mg - ke, WAL mg - ke, WA
12 mg -« kg™, RAEF0.2 mg - kg™, HAEIT
20 mg - kg'o MRAE LIRELE, S3HLMTE UK
W &R PRI R . R, AR S XS Al 45 SR
WEH, Pb, Cd. As, Hg. CufyXEE 351 H
0.0025, 0.0021., 0.0004. 0.0004. 0.00006, it
AT, WA AR XU
3.3

— M SN AR B R AR 2R B .

zhgysh
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AR . HMEIRFEAE, M E 48 KA F T
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B RGP AT T A ST C.d R 5R A A A5 45
A, RIEE AR A I, /U IR 2
I A IRIE S RIRAEAE R R B 5 s Y &
A YIRS FEAZE bR T, BR T SR AE
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