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Speciation analysis of trace mercury and arsenic in 31 kinds of animal
drugs and discussion about the limit standards
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Abstract: The toxicity of heavy metals and harmful elements is close related to their speciation. In the
present study, the methods for mercury and arsenic speciation analysis based on high-performance liquid
chromatography conjunction with inductively coupled plasma mass spectrometry (HPLC-ICP-MS) were
established and applied to the determination of 31 kinds of animal drugs, 29 of which were included in the
Chinese Pharmacopeia (2015 edition). The results showed that the LODs for al the speciation were within
0.1-0.65 pg-kg*, and the recoveries were within 86.9%—116.6% with the RSD of 1.49%-4.23%. Inorganic
mercury (Hg*") was detected in all the 87 batches of samples that came from 31 kinds of animal drugs, and the
contents were 2.39-6567 pg-kg'. Methylmercury (MeHg) was detected in 33 batches of samples that came
from 12 kinds of animal drugs, and the contents were 2.83-319.7 ug-kg *.  Ethylmercury (EtHg) were detected
in none of the samples. The detection rates of As(I11), As(V), monomethylarsononous acid (MMA), dimethy-
larsinic acid (DMA), arsenobetaine (AsB) and arsenocholine (AsC) in the 31 batches of animal drugs was
96.77%, 100%, 45.16%, 90.32%, 93.55% and 22.58%, respectively. According to the toxic level of different
speciation, the animal drugs with high risks of mercury were Agkistrodon, Bungarus Parvus, Zaocys, and
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Scolopendra; the animal drugs with high risks were Pheretima, Agkistrodon, Zaocys, and Aspongopus. This
study can provide important evidence for the risk assessment, setting and revision of the limit standards of heavy

metals and harmful elements.

Key words: animal drug; heavy metal and harmful element; speciation; risk assessment; limit standard
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R T AR R AR A BhER (PR Al)
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FI§%-0.01 mol-L ! ZBRE AT (% 0.12% L-ﬂ%ﬁ@ﬁ)
(8:92), ZEFEPEM, WK 0.8 minmL ™. AsTEZ
Tt 3% 53 Bk Dionex lonPac™ Analytical AS7 (4 mm x
250 mm), f£# % Dionex lonPac™ Guard AS7 (4
mmx=50 mm), EIAH A 2 mmol-L L BRERF VAT,
41 B 100 mmol -L BB 4L VAW, % 1.0 mL-min™,
B R Ve AR 7 W2 1.

Table1l Gradient elution program of arsenic speciation

Time/min Mobile phase A/% Mobile phase B/%
0 100 0
15 100 0
4.0 0 100
75 0 100
8.0 100 0
10.0 100 0
FRgE&EM S TR 1550 W, %41

Ar i 14 L-min?, Z4bS Ar i 1.09 L-min?,
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As & BEhZik K4) 0.5 g, FERRE, I
AZi7K 5 mL, R JEiR A1 E 30 min, 70 'C 40 KHz ##
FEHEEL 30 min, 5000 r-min 5.0 5 min, YK G
W, % 0.5 mL-3 kDa Millipore #8504 14 000
r-min B0 20 min, JEME HPLC-ICP-MS HERERI .
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R As\Hg % L RIS HIARME R M R RIF, R

H¥RT 0.999, 3 F Hg JTEA&RIZ i H 9 0.2~10
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Table 2 Standard curves, linear ranges and limit of quantifica-
tion. MeHg: Methyl mercury; EtHg: Ethyl mercury; As(lIl):
Trivalent arsenite; As(V): Pentavalent arsenate; MMA: Mono-
methylarsononous acid; DMA: Dimethylarsinic acid; AsB: Ar-
senobetaine; AsC: Arsenocholine

Linear range LOQ
IngrL7t Ing-L™?
Hg* y =10 059 x — 320.09 0.2-10 0.999 8 0.4
MeHg y=10552 x - 756.3 0.2-10 0.9999 0.25
EtHg y=12471 x — 298.18 0.2-10 0.9999 0.65
AsB y =1544.9 x— 51.669 0.1-50 0.9999 0.1
As(I11) y=1224 x - 65.845 0.2-100  0.9999 0.2
DMA y=1481.9 x + 126.01 0.2-50 0.999 9 0.2
AsC y=1056.3 x—151.01 0.5-50 0.9999 0.4
MMA y=1212.1 x - 85.615 0.2-50 0.9999 0.2
As(V) y=11081x+17676 0.2-100 0.9996 0.2

Speciation  Regression equation

FEREREE Y 10 pb, HE N 0.8 min-mL 4 1F
T, RHZBHMBEENS MR W AT W, %
2015 fR (R EZGHL) TR 24 i BT s AR E A B T VA
TR SR, DUEME LG 10 ¢ 1 I HE X I 3 2 7 52 58
IR, E Hg®. MeHg. EtHg i &R %4 0.4,
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Figure 1 Chromatograms of (A) mix standards of mercury speciation, (B) a real sample of Scorpio, (C) mix standards of arsenic

speciation, and (D) areal sample of Zaocys

0.25. 0.65 pg-L ™% fE#FEE N 10 L, HiE AN 1.0
min-mL &R, SRAZSHBZNE AsB AL
DMA. AsC. MMA. As(V) & &R 4% %A 0.1, 0.2,
0.2. 04. 02102 pugL "
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EWGE, PATEAE 6 fr, /it BE ik Hy TE
A As TEAIHI & T VEBRAE, IR R 0 5% - F0
JRRE A AT GE, 11 Hg. ASTCRES S E. 45
BLH HG® . MeHg 11 B H1E 2 N 46.12. 45.12
ng-kg ™, RSD 4371 4 5.31%. 6.16%; AsB. As(lIl).

DMA.AsSC.MMA.As(V) K& =IME 5 79 102.48.
170.12. 20.18. 5.77. 6.22 i1 23.15 pg-kg ™", RSD %4
W 4.73%. 3.99%. 6.64%. 5.03%. 2.41% FI 3.84%.
1.4 mNEEEUER  HCE S MESLIG AT A G . SRk
FER AR K2 05 g (BiH5H Hg. AsTTREA S &),
KRR E, BTEOETR, 243N 3 M/KFH Hg.
As PRHEIEIR (R 3), F2 HEAL R G A W0 ) 4 7 v
R DR ST I, TSI R . Y
FFW Hg®". MeHg 7E 20. 40 F1 80 pg-kg * K% N
KB R IR [l Wi 2R S5 Y5 L 90.8% ~ 116.6%;
AsB. As(Ill) 7£ 50, 100 11 200 pg-kg ™ I K1
IS B IR [ i 2R Y Ll 92.0%~ 117.4%; DMA

As(V) 7£ 10, 20 A1 40 pg-kg ™ FIFR K P (A (A1
W BMETE N 96.7%~108.7%; AsC. MMA 7£ 5.

Table 3 Recoveries and precisions of the method in Scorpio
and Zaocys samples. n=3
Initial .
Analyte contenit1 /Elt:ql /:g_lf(r;l Re(;f;;ery R/OSA)D
/ng-kg
Hg2+ 29.66 20 51.26 108.0 248
40 76.30 116.6 3.03
80 107.26 97.0 3.88
MeHg 47.31 20 65.47 90.8 3.66
40 85.19 94.7 4,01
80 127.63 100.4 3.73
AsB 110.85 50 166.1 1105 2.85
100 209.55 98.7 3.48
200 295.65 924 4.15
As(lll)  175.14 50 227.39 1045 2.47
100 268.94 93.8 3.18
200 366.54 95.7 1.49
DMA 20.48 10 30.24 97.6 1.78
20 40.96 102.4 3.45
40 59.16 96.7 2.94
AsC 6.87 5 11.6 94.6 2.76
10 15.56 86.9 4.16
20 26.21 96.7 3.74
MMA 6.08 5 10.805 94.5 2.65
10 14.83 875 3.59
20 25.72 98.2 1.86
As(V) 23.79 10 34.14 103.5 3.45
20 45.53 108.7 2.89
40 63.11 98.3 4.23

10 Al 20 pg-kg™ B I0ZK P I RE [ i 2R 44 7
FEl N 86.9%~98.2% (% 3).
2 FREMHRRLE

R VIR HEYI R 2 0.5 g, REME, St
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MeHg P2 A5 7355 8 18.14 A1 24.45 ug-kg *,
3 Fh WA MR (4259 +1.49) ng-kg?, 7FF
SEAH (40+7) po-kg HYEEA (F 4)-

AT NIR As TEASPRUEYD T, 42 HEUE A i 46
KR, LA, 253K As(IIl). DMA. MMA
[ H B 43 51 4 11.25+0.10. 62.45+2.3. 16.12+0.50
ng-kg ™, fEAREERTEEA (£ 5).

DL b gh R W pr @ L ks A T e 2
As. Hg TG HREARRIE =547,

3 Hmath

WSS 34tk S5 RKHL, 31 FhahZidt 87 MLk

Table 4 Contents of mercury speciation in certified reference
scallop by HPLC-ICP-MS (n=3)

Certified rgference Analyte Founcj1 Certified \ﬁdue
material /ug-kg /ug-kg
Scallop Ho*" 18.14 + 0.54
GBW10024 MeHg 24.45 + 0.95
EtHg ND
Total Hg 42,59 + 1.49 40+7

Table 5 Contents of arsenic speciation in certified reference
lyophilized human urine by HPLC-ICP-MS (n=3, x+£59)

SRR 13 S S T A B A BR, SR HPLC- g Amye M e vaLe
ICP-MS %X} 31 Fizh#) 53k 87 ANk As. Hg 7t Lyophilized human urine  As® 1125010 114+ 0225
EZRAITTINE, SR NE6. £T7HME 1B, D. GBWO09115 DMA  6245+23 645+ 45

L BRI RO S 1A, A R MMA 1612+0% 1545+12
Table6 The contents of mercury speciation in 31 animal medicines. ND: Not detected

Types Batch Hg™ lug-kg™ MeHg /ug-kg™*

No Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3
Bombyx Batryticatus 3 1595 1601 144.3 ND ND ND
Bubali Cornu 3 2.39 2.76 3.46 2.83 3.23 3.33
Margarita 3 5.07 7.56 59.25 ND ND ND
Faeces Trogopterori 3 529.1 1562 42.58 ND ND ND
Scorpio 3 38.04 29.66 21.53 53.97 47.31 39.91
Pheretima 3 2888 4120 43.74 10.07 ND 16.56
Testudinis Carapax et Plastrum 3 10.19 7.94 22.08 ND ND ND
Eupolyphaga Steleophaga 3 728.2 738.1 21.18 ND ND ND
Cervi Cornu Pantotrichum 3 8.58 10.74 19.66 ND ND ND
Asini Corii Colla 3 4.44 6.34 3.65 ND ND ND
Cervi Cornu 3 1604 778.2 9.90 ND ND ND
Ostreae Concha 3 12.91 33.21 10.50 ND ND ND
Cicadae Periostracum 3 3036 3406 127.6 ND ND ND
Margaritifera Concha 3 146.0 119.2 9.51 ND ND ND
Trionycis Carapax 3 15.93 32.09 10.59 ND ND ND
Gecko 3 7.63 24.13 11.96 21.59 91.97 30.22
Scolopendra 3 9.87 14.25 19.22 131.4 186.6 156.6
Hirudo 3 12.56 14.73 15.12 ND ND 17.12
Zaocys 3 5.25 8.23 4.50 97.49 104.5 47.80
Hippocampus 3 7.59 23.82 8.48 37.92 17.45 14.53
Gekko Japonicus Dumeril et Bibron 3 6 567 397.3 22.73 41.11 50.93 45.15
Agkistrodon 3 4.08 8.1 7.38 3131 319.7 6.99
Syngnathus 3 8.32 8.52 7.05 7.75 9.37 11.82
Vespae Nidus 3 145.5 66.00 128.0 ND ND ND
Aspongopus 3 52.39 67.80 49.05 ND ND ND
Sepiae Endoconcha 3 56.36 20.56 10.15 ND ND ND
Bufonis Venenum 3 33.22 54.55 14.37 ND ND ND
Bungarus Parvus 3 48.87 72.71 15.74 158.1 2254 137.8
Bovis Calculus 1 229.9 - - ND ND ND
Moschus 1 54.63 - - ND ND ND
Cordyceps 1 240.6 - - ND ND ND
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Table7 The contents of arsenic speciation in 31 animal medicines. ND: Not detected

Types Batch As(ll Izl As(V)i1 M MAﬁ1 DMAﬁ1 AsBi1 AsCi1
No /ng-kg /ng-kg /ng-kg /ng-kg /ng-kg /ng-kg
Bombyx Batryticatus 3 132.7+100.6  17.28+5.77 ND <LOQ 3.81+0.58 ND
Bubali Cornu 3 16.90 + 4.02 7.16 + 0.79 9.11+0.73 45.67 + 5.50 3.76 £ 0.75 ND
Margarita 3 ND 3.50+ 0.51 ND <LOQ 1.80+0.14 ND
Faeces Trogopterori 3 4929+ 4129 19.73+6.32 ND 28.34 + 3.04 16.64 + 2.40 ND
Scorpio 3 19.91+4.41 11.67 + 4.27 ND 2.47+0.48 17.12+7.10 ND
Pheretima 3 1883+391.5 431.8+100.1 ND 32.12+2.34 311.6 £ 12.70 ND
Testudinis Carapax et Plastrum 3 24.16 + 23.99 3.10+2.07 ND <LOQ 5.29+0.88 ND
Eupolyphaga Steleophaga 3 178.2+2280 30.56+8.23 ND 48.87 + 5.65 37.96+ 1.45 ND
Cervi Cornu Pantotrichum 3 4.39+0.39 3.55+0.98 ND <LOQ 2.64+0.48 ND
Asini Corii Colla 3 19.69 + 0.86 7.46 + 1.77 ND <LOQ 1.59 + 0.36 ND
Cervi Cornu 3 53.52 + 45.26 6.00 + 1.58 ND <LOQ 2.58+0.35 ND
Ostreae Concha 3 7.38+5.79 4,42 +1.60 ND ND 155+ 0.77 ND
Cicadae Periostracum 3 59.45 + 41.17 21.42 + 1.46 3.11+1.08 2.79+ 250 11.84 + 15.22 ND
Margaritifera Concha 3 18.94 + 13.16 6.86 + 5.27 <LOQ 424+ 273 10.71 £ 4.19 ND
Trionycis Carapax 3 27.39+9.39 5.98 + 0.98 6.91+ 1.80 4.02+0.90 5.05+ 1.06 ND
Gecko 3 7.68+1.94 12.14+4.11 3.62+0.56 10.63 + 2.97 23.86 + 19.68 5.10+2.94
Scolopendra 3 14.29 + 2.39 9.85+0.81 6.24+1.84 3.78+0.44 99.20 + 21.94 ND
Hirudo 3 189.2 + 73.12 10.29 + 4.23 7.88 + 3.68 40.61 + 15.59 161.1+ 1875 19.51 +24.22
Zaocys 3 331.5+202.6 2495+ 15.78 6.33+1.79 30.84+18.09  356.0 + 406.0 120.8 + 198.7
Hippocampus 3 12.94 + 4.69 15.12 + 3.46 <LOQ 6.80+1.91 61.90 + 31.94 9.29 + 1.97
Gekko Japonicus Dumeril et Bibron 3 97.34+ 3327 1550+ 4.42 351+ 1.64 27.24 +2.29 46.39 + 4.58 8.45+ 3.47
Adgkistrodon 3 411.9 + 85.47 15.45 + 2.52 1.12 + 0.64 2.58 + 1.46 19.50 + 12.13 ND
Syngnathus 3 10.94 + 9.82 7.78 + 6.01 ND 9526+ 32.74 2016+676.5 36.09+6.60
Vespae Nidus 3 1431 +1734  20.63+ 14.55 5.88 + 0.62 13.32+£1.62 25.23+3.15 ND
Aspongopus 3 2755+4494  27.74+28.38 ND 2.13+0.23 6.28 + 1.33 ND
Sepiae Endoconcha 3 36.63 £ 57.81 8.62+8.71 ND 401.5+ 1229 1257+ 1295 10.38 + 0.75
Bufonis Venenum 3 10.94 +2.13 8.35+4.11 ND ND ND ND
Bungarus Parvus 3 2.93+1.13 490+ 3.04 ND 62.28+4354  15.22 +17.66 ND
Bovis Calculus 1 5.79 4.44 ND ND ND ND
Moschus 1 11.72 19.00 5.16 3.65 9.92 ND
Cordyceps 1 165.31 219.6 83.12 497 11.53 ND
B3| Ho®, & &y 2.39~6567 ug-kg *, Hri . YR SR, B 455 7,

W AT REAR OO B A, A U BRI R IR
2 12 #EhPZidt 33 ANk E] MeHg, & &H
2.83~319.7 ug-kg t, e, S AR, ﬂz%m/\
L%fr‘%é ke R R . EtHg R H (% 6). H

I3 FE i I B A B S 3 A Ak 2 R UK, ?,—E/T
E JEG R SRR O, 5 HAEKIREA G

31 PPl 2 ik AR AN [R e 25 (A HE 5600 301 R
As(I11): 96.77%, As(V): 100%, MMA: 45.16%, DMA:
90.32%, AsB: 93.55%, AsC: 22.58%. L, As(Il) &
AR A v (1 St P g i, FEUCR G SRS T L K
By, As(V) 5 MMA 8 5 m ) i b o o
DMA o HH AR B v 0 ot A O} R R L Vg, IR 4
ey, F¥ L KR, AsB K H A B R S R
VIR ASC Ao HH F B e 1) St P g it . IR,

it

AT A Eh 2510 Hg As JLR BT 749
Br, SR KAELR LB SR W R EAH
o LLHg JLE MBI, K shPigs s Ll Hg™ &
(L 2 ﬂ%d%) AT, MeHg A E (ks
W), BHIEH He™ & BT 10 pgkg?, HILH
MeHg /:.\Eﬁli 300 pg-kg ™, HEARIZ SRR RS
iy (Hg*>4000 pg-kg*, MeHg<20 pg-kg™) #
ELEEEEHlL T, Hah, Hoerh As(I) fl As(V) &
B, Mg Zit AsB 5 AsC S & 5. HTA
[F) 45 1) B 4 @ B ME T REAH 200K, B DLE s i
AR A7 7 B S ) B g

H 24 (R RV PFA AR RN 2D, 5 8 i KU



PRURRHSE: 31 FhEh gy rhok. TR

SR B T 5 PR AR AE R - 1885 -

VA B AT HE . Zhou PSR N T I L
B, e & JRAE A RN T R R,
FEFI F L bR £ 3 280 (target hazard quotient, THQ)
Xof B T 1) B 4 AU 2R AT RS VT A, 1AL R T
5 MELBMABAREKERE, AR HEEESE
SERAT e, Aot AR AEEEE. Zuo
(285t & B R BEAT T KR VR A, PR R 5
T WHO HEEMI L As I8 & & & i 52 8\ &
(provisional tlerable weekly intake, PTWI), 454 fa 3
F8%0 (hazard index, HI) . J&4iE XS (cancer risk, CR)«
THQ Z5ibA7 MBS AL, HET 4 th ABF R UOH % 2
31 )i R X o 4 A A1

EF NN E S AU VT A S S T
fli BB, WA G BMEHE, v AT R 7 VR AE,

PP Al 45 18 MR AR, U 75 3E — 2B 1P Ak A%
X IR v Rt ol S o G A R ) A AR T S

ITVAE, X Zist (mah#) R E R = IRH
RBEBAT RGNS (b E 5 R 2457
P AHBLIAATY), I B A AR B AT AU VAl . it
b, FEBEAT TR Z5ht b & @ KRS VRAT I, AN R 200 H
WREMESBRE, WHHATHNRESH.

)G, RTESESA FI0R AT IR = b ik
o [ 2 8 2015 WRIL W E B2 46 B, 5 B2 G
KU R W R SR T B AR A R,
EFEARUCE Hgw As TR FA KPR s iz . it . e
AL AR BN E BN, BT AR AR SO0 T
R A AR R ok, i, &b ey, 1R
WASE, TR T X S B W 2 i PR T B R —
RKEH ST (0 MeHg. LML As), 5 &
KPR & B A FR 45 A v 25 1015 Yo s B (i AT
BT, fleEaREYTEENIMA R SRS
IS i
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