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Determination of heavy metals and harmful elements and arsenic species in
Trogopterus Xanthipes and safety evaluation
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Abstract: Objective The purpose of this research was to study the heavy metals, harmful elements and arsenic species in the
Chinese medicine Trogopterus Xanthipes, and evaluate its safety. Methods Microwave digestion combined with inductively coupled
plasma mass spectrometry (ICP-MS) was used to treat five heavy metals and harmful substances in Trogopterus Xanthipes: lead
(Pb), cadmium (Cd), arsenic (As), mercury (Hg) and copper (Cu) were determined. With reference to the current limit standards for
heavy metals and harmful elements in botanicals in the 2020 edition of the Chinese Pharmacopoeia, the individual pollution index
method was used to evaluate the potential safety risks of harmful elements. In addition, high-performance liquid phase coupled with
inductively coupled plasma mass spectrometry (HPLC-ICP-MS) was used to analyze methyl arsenic (MMA), methyl arsenic
(DMA), arsenous acid (AslII), arsenic acid (AsV), arsenic betaine (AsB), and arsenic choline (AsC). Results The research results
showed that the linear relationship, injection precision, repeatability and recovery rate of the two methods were good. The results
showed that the five heavy metals and harmful elements in Trogopterus Xanthipes were highly safe. HPLC-ICP-MS results showed
that trace amounts of inorganic arsenic (AslIl and AsV) were detected in some medicinal materials, and the results were relatively
safe and controllable. Conclusion This research provides data support for the formulation of the limit standards for Trogopterus
Xanthipes heavy metals and harmful elements, and at the same time helps to accurately evaluate the safety risks brought by harmful
elements in the future.
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YEfk, WA BB AN ERARSRNTY
A, LR G BRI A I s 88 T OF A
), B2 T U TR ) (R [ 24 )
AIAE 197719851990 4 hig ic %k F. R g 1 R 3h ¥ A
g W BE Bl Trogopterus Xanthipes Milne-
Edwards"*". T &R fig I T B8 AR 9 . A 48, 1f
FREE VL, 77 JE S LG < 10 A BRI T I s A0 YA
FI4007 b ROt R, AR ER S AR
R fig FL A PUMR IS P B0 R SRR AE B
BRI A H R LR R B TR X D R
HEREAFELRMIAAERZEEZTL)L. NH%
VEAEERE, LRI EER KA EICRAIE
B MAEBNER ARG EENE L. A
TR TH Al 45 G UGS A S5 B R S (ICP-MS)
Sf AL R R H Y (P) L 4R (CdD i (As) 7K (Hg) -
i (Cu) 5 B < & A T oo RBEATIE , 7] K H
o R R B P R R B SR B T 4R T 1S 9% (HPLC-
ICP-MS) %f — H 3£ i (MMA) . - H 3£ il (DMA) | 1
R CASIID B R (As V) Bt il S Bk (AsB) it JIH
B (ASCO S RIER N AT IC, FE0E H 22 v ik
TPt e AT T LR B ESE LA FH o
RIWEAR 2, v H s PR bR 6] e f 3L 22 4 p
IR A E S

1 MR

1.1 FEME

Agilent 7700 HL R A 55 B 744 5T 0 4, BiC A%
1260 =5 R € 1% A (52 [ Agilent 23 7D 5 fl I8 I
X (£ E CEM 2 &, 5 : MARS6) ; Milli-Q i 41i /K
# 4t (3£ [#H Millipore 2 7)) ; BAS2245 B H1 -7 43 BT K
RRE-IEE A NP
1.2 FERXF

ASu H R A M it 5 8 WLZ1~
WLZ10, /7 1 - B 7 48 75 22 1) 28 v [ 6 ot 245 ot i o
W 58 Bt B XU R 9 01 %5 58 N 52 Ui W B Trogopterus
Xanthipes Milne-Edwards ff) T 388 .

TR A 2 At 24 3 A 22 R A IR A |D
(AT, 99.999% 45 FE S AR 5 8 48 7K B Milli-Q il
%o BRI W In CHE 5 GSB04-1731-2004) |
"Ge (It 5 GSB04-1728-2004) . **Bi ( it 5 GSB04-
1719-2004) (17 5. 76 2 A5 7 (1 000 pg-mL™) , I
T [ oF 2 R 5T B K bR A 5 AT O
Pb.Cd.AsHg.Cu & b5 #E S U0 T [ £ i 24 5
K6 5 W 7T BE (A5 610014-201701) , Pb.Cd. As.Hg-

Cu P #E ¥ W 5T & ¥k FE 53 3 4 198.7.10.04 103.2
10.0.1007.5 pg-mL"™"; P& VR & AR HEVE W (CeTi Lis
Y. Co, ZHAR A w], JTEIKE N 10 pgmL™, it 5
5188-6524) ; MMA (#it 5 GBW083529) .DMA ({it 5
GBW08669) - AsIII, fIt 5 GBW08666) « AsV (#it 5
GBW08667) « AsB (It 5 GBW08670) « AsC (it 5
GBWO08671) ¥ F 1 [E 11 & R} 2 0 72 Bt [ 5 A5 i
YT FE A o o
2 FEE5ER
2.1 FRigEsEH

ICPMS{XZE RFINFE 1 500 W, RAEAZ 8.0 mm ,
ARG E 1.0l L-min™, &5 7 SRR E
N 15.0 L-min™', 55 4k % i E N 2 °C, i 3 &=
0.2 r-s', He SARFR &N 5 mL-min™", 248 K ALAH
ke R AR, RFE A 9 0.3 s RIEIRE
8 mm; EHE R AL H E RH 3 K, HHR I E 100 %, FR
S 0.1 s,
2.2 HPLC %1+

1% #1: v Dioncx IonPac™ Analytical AS7 FH &
FAZ He b (250 mm X4 mm) ; i 30 A 9 0.1 mol-L™!
TRIR BV T (AD-7K (B) 5 73 AT IS [R] 24 15 mins 1 FE W
it (0~3 min, 10%~50% A; 3~4 min, 50%~100% A;
4~11 min, 100% A; 11~13 min, 100%~10% A,
13~15 min, 10% A) ; A i v = il R E N
0.8 mL-min™" ; BEFEAFL 10 pL.
2.3 ITRERmIARAHIE
231 FRBUIKBERIR BRI B ] 4%« A 5 2 DUR &
FRUEF I, FH 10% FiF B2 1] i % Pb ot 2 i 2R FE 43031
N 2.4.10.20.40.100 ng-mL™", & Hg F1 Cd 7t & Jii
BHIRIE 2 9790.1.0.2.0.5.1.2.5 ng'mL™", & As G
RIREIWRE /38 1.2.5.10.20.50 ng'mL™", & Cu
TG 3 R EIRE 53128 10.20.50.100-.200.500 ngmL ™' &
B FE IR TR AR A W o
2.3.2 BRI I A T R B bR &
i, BRI, H 10% G BV 00 B 22 21 B (5 "In,
PGe.Bi %% 1 pgmL™) o A SR [F AL &R
NSCus PAs. MCd. *Hg F1Pb, H H1“Cu. "As
PL™Ge N N A5, "*Cd BL "In 7E v W A% , *"Hg ***Pb
PLBifE A R FF
2.3.3 TR A T HE G VA VR A S < RG EE PR S i
T 25 5% B Sl V0 R, P /K S A1) i 1 pg-mL™ VR A b
T % & o R 25 IR & i & VOS2, 20 ) BC Ak
6 Fh ik & %1155 10.20.50. 100250+ 500 ng-mL"™'
FH) o =R FE AR il 2R A
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2.4.1  JUE R AL R KRR SR
TE K 25 Bk BRI B 5 0.5 g BB AR 3 A i b in
2 7.0 mL, ¥ fEF2 7 8 : 648 10 min = iR AR 2
130 °C, H-4E+F 5 min J4 f# , #8 J5 10 min B 130 °CH
IR % 165 °C, F£ 4 FF 10 min 4 f# , #R J5 15 min [
165 °CH-iff %2 180 °C, H-4EKF 40 min yH fif . TH M4
WA E 230 °CLLR , V8 M e N %2 50 mL &l
W, A SRR BRI G I K e R R, 7
A1, BRI FVE %2 A

2.4.2 TS R I A 3K Ak A R 00 ) 4 < R 2 AR EURE
M AR 0.2 g, B 50 mL B0V A, R B0 2% i R
10 mL, B T 7K ¥ o R 85 B2 1L, 42 i £ U B2 N
90 °C, HEELIN[A] 5 h, £5 4 £ =¥ )5 , % 0.45 pm
T FL 8 S g0 ok, B 82 908 R B A8 A S, RSP AN
TR it i) s V-

2.5 ICP-MS.HPLC-ICP-MS 555 2%

251 ZMETTRE OO R A HURC I 4F TR A AR
HEVE W RE , DA H bR 4 1 S AE R AL A 5 FH ST
IR AR ALAR, & bR 2R . SeIG gk SRR,
G BAR &YX R BRI (r>0998) . 45 R
W1,

252 KEEE o AHhRHE 2R 4 SUESE R 6
X, Pb.Cd. As+Hg.Cu ] RSD %3 %l 4 0.9%+ 5.5%
1.5%.2.3%-1.4%, AsB.AsIII.DMA.MMA.AsC . AsV
[ RSD 43518 1.5%+1.1%+2.1%-0.9%+1.6%+2.5%
S 25 R IR B T R .

253 EEMWKEWE FHETHRTR SRR
W2 B, J5 G 25 B B AR 5 (WLZ D6 4y, B4
0.5 g, BIHMREE S, IR AR i & W 28 0.5 mL,

BIHMEES, 5 Cu 10 pgPb 2 ug As 1 pg.Cd
0.1 pg Hg 0.1 pg, 73 A I0AH R 7.0 mL, 4% [} “2.47 1
DaRE L OEL N

TR TS 2R N 5 ), 465 25 HURE i 0.2 g, B 50 mL
ELE T IR SR E A 1 mL, 1 “2.4”7
FF AR

AR SBG BT RE S RS AR B BB, WO
1L E Y LLECR ) RSD %7K~ , Pb.Cd. As Hg.Cu.
AsB. AsIIl .DMA.MMA . AsC. AsV [a] it Z 23 51 Ky
102.31%- 104.63%. 114.05%. 81.23%. 102.92%-
96.31%. 98.94%. 97.64%-. 99.73%. 94.31%.
100.12%, RSD 43 51 4 0.72%+3.93%2.41%-5.12%-
1.53%42.34%2.42%-1.31%-2.50%-3.10%-2.61%,
SRR TR RSN, ER R
2.6 HRMNELER

K F ICP-MSS 7230 52 Ji& , 10 #k Ik R G 25 44
Pb.Cd.As.Hg Cu il 25 F W& 1. Horr Pb Al 45
G AE 1.9~4.0 mg-kg™', Cd A W 45 5B u [ 7E
0.2~0.3 mgkg™, As kil 45 55 I £ 0.3~1.7 mgkg ™,
Hg 6  5 B0 F 7E 0.05~0.1 mg kg™, Cu K il 45 H
U B 7E 5.2~11.7 mg-kg™s 10 3 7 BE & 1 Pb. Cd.
As.Hg. Cu i M %318 4> 7 4 3.1.0.2.0.7. 0.1+
7.1 mg-kg™o HHEMSERE H, Cd o R M Hg ma
Wb J 22 S0 i HAl o RIS AR E — 2 W
E5t,

il it HPLC-ICP-MS 2 4 #t 25 ¥ i JE 25 LA
&, RA TR f A /> B ASIILLAsV , S8 (1) it
EE MESOIEEWE2 /iR, 1 AsB.MMA,
DMA Fll AsC $5 A A H , X bl S RS I 25 2R, HPLC-
ICP-MS A5 i 21 17 33 29 1R T 25 A 74 T & SR8 15 3 ¢

R1 FEREMER

Table 1 Results of linearity of methods examined

TG /i LT L PEVE I/ (ng'mL™) r
Pb Y=0.007 8 X+-0.001 3 2~100 0.999 8
Cd Y=0.003 8 X+2.4193X 107 0.1~5.0 0.999 5
As Y=0.007 1 X+8.987 8 X107 1~50 1.000 0
Hg Y=0.001 8 X+3.388 2X 107 0.1~5.0 0.998 7
Cu Y=0.058 6 X+0.025 3 10~500 0.999 9
AsB Y=0.989 8 X+1.053 2 10~500 1.000 0
AslIII Y=1.0113X—04570 10~500 0.999 9
DMA Y=0.9770 X+1.376 4 10~500 0.999 9
MMA Y=1.007 3 X+1.035 4 10~500 0.999 9
AsC Y=1.006 7 X+1.310 9 10~500 1.000 0
AsV Y=1.0104 X—0.100 1 10~500 0.999 8
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%, i & AT S N S B W, o ASITUT & 43
#0°40.05~0.13 mgkg™, M AsV i & 73 £ 0.10~
0.34 mgkg™", AsIll 5 AsV P2 4 0.30 mgkg ™.
2.7 BOUSRIBEEM

BIUS Je e HOEE TN R i b B SR
FA FH TG WG Gt O, A TR I e 48 4L
DARVE e A RN RIS e FR BRI A
K P=C/S, HH P NEEE KA FHIwHR N RIUG
PAREGCONER B LA F TR LIE S hEE

&R FEICRR B . 2 ROh E 2532020
SERRT T A E SR KA E IR R R
NS B e da Bk, P<<0.7 NI R ,0.7<P=<
1.0 %4, 1.0<P=<2.0 A5 4%, 2.0<P=<3.0 N
G, P>3.0 NE G e, PTG YL iR Ak 45 AT
M2 2.

®2 BIUTREHITNER

Table 2 Individual pollution index evaluation results

FE it G 5 Pb cd As Hg Cu
WLZ-1 0.4 0.8 0.1 0.6 0.3
WLZ-2 0.4 0.6 0.3 0.2 0.5
WLZ-3 0.8 0.9 0.9 0.3 0.6
WLZ-4 0.8 0.7 0.3 0.4 0.3
WLZ-5 0.7 0.8 0.2 0.5 0.3
WLZ-6 0.6 0.9 0.2 0.4 0.3
WLZ-7 0.6 0.8 0.4 0.7 0.3
WLZ-8 0.7 1.1 0.3 0.4 0.4
WLZ-9 0.6 0.7 0.3 0.3 0.3
WLZ-10 0.7 0.8 0.3 0.4 0.3
R LEEN 0.6 0.8 0.3 0.4 0.4

HHREE O RR
3 g
T R R 2544yl BRORE B W 5214 B A P AR08
S B SR, 0 T 22 ok i, HA R EE Y
K4 A H, Cd ot & M Hg 76 & 78 88 B AR
BA—H, MEMTRERMNSTERINE K. B
i, TR AR 258 AR T b B 2 3102020 4 hie , 2
HECHP [ 24 ) 2020 4 hig X HEL ) 2 R0 0E (1388 0 B
FEILHRE : Pb<<5 mg-kg' . Cd<<1 mg-kg' . As<

za iR iR R
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2 mg-kg"'\Hg<.0.2 mg-kg"'.Cu=<20 mg-kg™,5 F G
KW EK . HA s As Po M Cd e KT 2
BELEE , it AASHI 7830 — 20 VP A e 4 ko

HR A B 05 Je R BN 45 R (R 2), IR IEZ
¥ Pb.Cd.As Hg.Cu H.30175 Y35 5 P, V- 35185 43 59 N
0.6.0.8.0.3.0.4 F10.4, Hrf Cd i35 Ju e L ik 2 22 42K
S, 1fi Pb AsHg Cu PRI 5 YL 45 $i5 YL e FE 115 5
R BWKE, HRIGZM S P EE R T
LI G 4R BOR /N IF 7y Cd>Pb>Cu=Hg>As,
BAME, B8R AAEFCEAEE BN, %
AR .

T T R G 2 A SRR R R R P S8 ) L 4
J& KA F ORI, 3 — 0 ORAUE 258 1 24 22 4
). 55 Ah, I 2020 45 KRR AL bR T 28 92 1%
K&, IR LM T2 5] 2 8 R E, R 2
AMIEVE B IR PE R R R g, T A R i
25, 2 T 1) TUR05 b 219 00 77 SR R 22 4 1tk KU«
RIFHMESE LA F LR, AMUS RBRIMEK
BTG G, 100 Je B4R P9 AR T Sk (10 52 e, i R
B MAERF L KR, I R B4 M AR
(1) ASIILAN AsV , BT 2 K, A 2 DL il fg 3E 22
A RURS: B O T B X b 2 42 Y AU A T R )
T FRULE AR P9 T R HE Y, 5 SRR T it — 2D s Ak
P AL B AL T

AW 58 K A ICP-MS % , X F. R Jig 245 84 H Pb.
Cd.As Hg.Cu H & J& K& F e = BATHE AL, [\
F HPLC-ICP-MS i X} 245 4 il T 45 L 25 1 AT A
Fio A RgE R, K H RIS J AR AN HE S
J& F A TG R A A R AT VAl 45 R
N, 10 AR AR M SFAEEES B LR a2
B B S I A AT I 70 45 SR 3R B AT LR IR
B/ o AW T 45 o T R NG 200 1) 22 4 1t PR
AR E B E SR TR RE I R SR
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