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Abstract: Four heavy metals (Pb, Cd, As, and Hg) in 38 species (total 325 samples) of oriental animality
medicines were monitored by inductively coupled plasma-mass spectrometry (ICP-MS) and automatic mercury
analyzer (AMA). The detected concentration range of Pb, Cd, As was presented as 0.02 pg kg (D.L)~11.29
mg kg™', 0.01 pg kg™' (D.L)~2.50 mg kg™', 0.12 pg kg™ (D.L)~5.27 mg kg™, respectively. In case of Hg,
it the concentration range was 0.01~77.11 mg kg™' except one sample which exceeded detection limit. In all
samples of Amydae Carapax and Gallnut, it was not detected over the maximum residue limits of metals. Pb
is in charge of the greatest portion of contamination in 22 species of animality medicines, and in case of Hg,
54.46% of total samples were over the maximum residue limits. Therefore, environmental levels of Pb and
Hg are needed to continue the researches and the studies for tracking pollution source are required.
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Table 1. Name of animality medicine and number of amples

i

A

aualyzed
No. English Name Quntity
1 Galli Stomachichum Corium 10
2 Testudinis Plastrum 5
3 Vespae Nidus 5
4 Cervi Cornu 10
5 Cervi Cornus Colla 7
6 Cervi Parvum Cornu 8
7 Gryllotalpae Corpus 10
8 Cordyceps 6
9 Tabanus 10
10 Ostreae Testa 10
11 Cantharides 10
12 Bombycis Corpus 10
13 Amydae Carapax 10
14 Serpentis Periostracum 10
15 Moschus 10
16 Mantidis Ootheca 10
17 Haliotidis Concha 10
18 Eumeces 5
19 Cicadidae Periostracum 10
20 Bufonis Venenum 5
21 Hirudo 10
22 Vespertilii Excrementum 10
23 Piscis Colla 5
24 Antelopis Cornu 3
25 Scolopendrae Corpus 10
26 Trogopterorum Faeces 10
27 Gallnut 5
28 Fossilia Ossis Mastodi 10
29 Fel Tauri 5
30 Eupolyphaga 3
31 Bombycis Excrementum 10
32 Scorpion 10
33 Holotrichia 10
34 Lumbricus 10
35 Gecko 8
36 Hippocampus 8
37 Stichopus 10
38 Sepiae Os 10
AlZe] EHE Y3 FLATI(AME, =S FM-

904T(C) A E2715 AH&3s o, w4 e &
A& Hs7] flste] AR el 33 FHRSTE 39
AT = A5 dFE 13 A5t WA & 23 2
HE F AEE AHESIATE AA 2l ARE-SF HNO;s
= T rRIARE, $Ho2REH T 55 AloF

°]%2 ™, H,0,= Flukark(Saint Louise, MO, USA)Z
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Table 2. The operating conditions of ICP-MS

Descriptions Conditions

R.F. generator Free-running type, 40 MHz

R.F. power 1400 W

Coolant gas flow rate 17.0 L min™
Auxiliary gas flow rate 2.00 L min™!
Nebulizer gas flow rate 1.05 L min™
Sample uptake flow 1.00 L min™

Nebulizer Concentric type

Spray chamber Cychronic type

Torch Demountable
Interface cones Platinum
Quadrupole chamber 1107 torr
Dwell time 600 ms
Pb/mass 208, 206
Cd/mass 114, 112
As/mass 75

Cu/mass 63, 65

HE 7Y S5 Aol Al 4t & fs)
ME MTOPSAKA &, Sh = Y& MS 1036
hot plate® A-8-8k91 3, A #HE 18141 & Toyo Roshi
Kaisha A=, YE)ZFEH FY3 NO. 5C AFAAE
AHESSITE 4%Ee] BAUA F342 Ph, Cd, As, Hg
o] £E8H(10mg L) PE sciex*HConcord, Ontario,
Canada)25-E] T3t 3418k & Ag-at5ith.

222 =H7I7|

ANE A4S 98 AHE S A STt d g
297] (ICP-MS)= Perkin ElmerA} (Waltham, MA, USA)
9] Elan 6100 DRC plusZ# 2 #2272 Table 2
of ettt & £42 918l AH&3 automatic
mercury analyzer (AMA)+E MilestoneA}l (Shelton, CT,
USA)®] AMA2542M% HZ £ 272 Table 39 1+
BRI
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Table 3. The operating conditions of automatic mercury ana-

ol A3 -

lyzer
Descriptions Conditions
Wavelength 256.65 nm

Interface filter 254 nm

Bandwidth 9 nm

Silicon UV photodetector
0.02~600 ng Hg

Detector
Working range

Drying temperature 300 °C
Drying time 80 sec

Decomposition temperature 850 °C
Decomposition time 150 sec
Waiting time 60 sec

Amalgam-heating time 12 sec

Recording time 30 sec

Sampling mode Auto

WS Hrhstel olo) A A FAjo] H A

¥ ZF 30mLe 7}0}1 s}x}e:n 1:1 z

25mL 9 Zaaa
9% ¥ ICP-MS=2 Zé A s oo
F&0]7] wjiel 9]¢} 7ol Ah& 1%8}04 F2 A
Y& ¥ AR A7t FuskA a7

AAE A glo] FolEH & o] &3
7171(AMA)E o]&3te] 0.01 g0 AB8S AHFEAY 3}
ATk

3.1. A 4ol REM HEB

2 AFolA AdE Ay e fFEAS
7] fl8te] A4, 7&%%&74], 51#—%, 4 2 Ad
s ﬁ‘f°16} = E R 7 A

%59 ﬁﬁz—%@#(lo mg L~ )% FHTE 3451

P sttt 7t=F Hl o] A, A A8 &
% T 1, 5, 10 20 100 ug L'ojlen 7z &
it} 33] ghEse] A3 ol Ho] ARl
y=298.52x+78.39, =1, Ft=F 2] 7 ZFA L y=76.832x
+0226, r=1, H49] HFHL y=38936x-13.938,
r=10]Jth. 729 Aol AEZTE HAEE =
W7t Yol ¥ Fx W9, 5, 10, 20, 30 pug L
9} =2 & W) (100, 200, 300 pg L HE o] A
FAE AU Avme HEFAL y=0.0245x+
0.0238, ’=0.994, 5= 2] 7 AL y=0.0018x+0.0281,
’=0.9973-& YERATE
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Table 4. Validation results of acid digestion method (n=7)

Recovery (%) Accuracy (%)  RSD (%)
Pb 86.6 93.2 7.8
Cd 82.6 107.7 7.4
As 87.3 102.7 83

Table 5. Limits of detection and quantification for heavy metals

by ICP/MS
Pb Cd As Hg
LOD (pg) 9.67 5.15 62.29 2.69

LOQ (pg) 29.31 15.71 188.77 8.16

3pg AL MR EE ARl Blo] vl e
U FaE SAFA &2 A7 glrh= 78 st
of i ANE F EHE Agste EFEZ (200 pg
LS H7Ks & 719 AE9 viEAIE 3 E B
sk AAE HHS Al &, FEEd0] A7k AR
FTE9 nEA R FE 2ol Pl WHoR 3
FES golrgton 1 AAE Table 4] JERA AT
Ay At de HF I5FES H 86.6%, 7H=
82.6%, Bl 87.3%°IA 2, U= & 93.2%, 7=
E 107.8%, Hl& 102.7%0]9 o0, AL T 7.8%,
II=B 7.4%, B4 8.3%°]AT) o]} 7E% a4 A
Z o 2 RE] Ao [CP-MSS] AZEA(LOD)2t &
FA(LOQ)E 2tz | 0.029F 0.06, 7F=F 0.013
0.03, H] & 0.129} 038 233 & 0273 0.82 pg
kg ']tk Table 591= LODS} LOQ 7koll #2413k A]
B9 4(d, 7I=FE, HlAg £48 AsiA= 05 g,
F2o E4 S AEAE 001 S FT @S e

Atk

32. S2M 4% & 350 st 2HEHE Z@n

B ATME B8 A BFZZ AET 310
) 32570¢] Algell tiste] o, 7h=E, Hl&, 2 v
TR FFE Ui RUEH S AAlstlen, o]
e RUE Y A= Table 60 VR AT

o] A9 A A ZelAM 0.02 pg kg (D.L)~11.29
mg kg 'o] AEHJL, B FE7F FFE71EA
5.00 mg kg™ ZF3F Aok 8- (7.47 mg kg™ )EMA
7702 Al B0 A ZPWOJ&7]TZ]E 233 =rol &
o] AEHJUh B w=7F & 1%7%1]2 g4
0}01—1;_];4_1: A 71_0_ ..%-4'{?1' }‘]E—L‘: 7 E E 127}] /\]E_

ollem, meb =& E‘Pﬁ}‘ﬁ % 1 9N AlEEA
AA A 52] 5.9%7}F 7
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Table 6. Average concentrations and ranges of heavy metals about each animality medicine

205

Sample

Concentration average (range) (mg kg™)

Pb

Cd

As

Hg

Galli Stomachichum Corium

Testudinis Plastrum
Vespae Nidus

Cervi Cornu

Cervi Cornus Colla
Cervi Parvum Cornu
Gryllotalpae Corpus
Cordyceps

Tabanus

Ostreae Testa
Cantharides

Bombycis Corpus
Amydae Carapax
Serpentis Periostracum
Moschus

Mantidis Ootheca
Haliotidis Concha
Eumeces

Cicadidae Periostracum
Bufonis Venenum
Hirudo

Vespertilii Excrementum
Piscis Colla

Antelopis Cornu
Scolopendrae Corpus
Trogopterorum Faeces
Gallnut

Fossilia Ossis Mastodi
Fel Tauri
Eupolyphaga
Bombycis Excrementum
Scorpion

Holotrichia

Lumbricus

Gecko

Hippocampus
Stichopus

Sepiae Os

0.05 (D.L-0.19)
029 (D.L-1.17)
1.54 (1.49-1.63)
0.21 (0.10-0.61)
1.58 (0.67-2.58)
0.34 (D.L-0.90)
0.99 (0.62-1.64)
037 (0.06-0.94)
0.52 (D.L-1.74)
0.07 (D.L-0.19)
0.25 (D.L-1.68)
0.80 (0.29-1.80)
0.54 (D.L-2.26)
4.13 (2.64-5.95)
1.73 (0.07-5.68)
0.70 (0.53-0.95)
0.12 (D.1-0.30)
0.72 (0.12-1.91)
1.03 (0.56-1.46)
478 (2.68-8.72)
1.21 (0.23-1.51)
0.78 (0.08-1.96)
3.40 (0.68-4.43)
0.83 (0.76-0.87)
0.67 (0.13-1.95)
2.86 (0.15-6.20)
0.10 (D.L-0.18)
7.47 (1.07-11.29)
3.50 (1.48-5.30)
2.93 (0.64-6.05)
0.62 (0.12-4.53)
0.53 (0.10-2.20)
1.68 (0.55-3.51)
3.50 (0.42-7.18)
0.59 (0.13-1.63)
035 (D.L-1.86)
0.02 (D.L-0.10)
0.07 (D.L-0.65)

0.02 (D.L-0.05)
<DL
0.05 (0.02-0.07)
0.00 (D.L-0.01)
0.03 (D.L-0.18)
0.00 (D.L-0.01)
0.12 (0.07-0.33)
0.02 (D.L-0.05)
0.78 (0.06-1.31)
<DL
0.01 (D.L-0.01)
0.02 (D.L-0.03)
0.00 (D.L-0.01)
0.14 (0.07-0.18)
0.02 (D.L-0.16)
0.04 (0.03-0.06)
0.01 (D.1-0.02)
0.13 (0.01-0.36)
0.07 (0.03-0.14)
0.15 (0.06-0.41)
0.00 (D.L-0.02)
1.04 (D.L-2.50)
0.06 (0.01-0.12)
0.04 (D.L-0.08)
0.14 (0.04-0.40)
037 (0.23-0.51)
0.02 (D.L-0.03)
0.03 (D.L-0.06)
0.39 (0.34-0.44)
0.13 (0.01-0.32)
0.02 (D.L-0.16)
0.44 (0.30-0.56)
0.06 (D.L-0.25)
034 (0.01-1.04)
<DL
0.09 (0.01-0.29)
0.00 (D.L-0.01)
0.08 (0.02-0.15)

0.05 (0.01-0.14)
0.08 (0.03-0.16)
0.17 (0.12-0.26)
0.06 (0.01-0.12)
0.09 (D.L-0.27)
0.06 (D.L-0.20)
1.84 (1.06-2.82)
0.57 (0.29-0.77)
0.21 (0.07-0.32)
0.01 (D.L-0.05)
0.13 (0.04-0.23)
1.74 (0.02-2.45)
0.14 (0.01-0.55)
1.27 (0.75-1.86)
0.06 (D.L-0.55)
0.32 (0.19-0.47)
0.07 (0.02-0.15)
0.40 (0.11-0.92)
0.61 (0.20-1.25)
1.07 (0.47-1.91)
0.53 (0.09-2.64)
0.77 (0.02-1.57)
037 (0.10-0.55)
0.14 (0.07-0.19)
1.27 (0.41-2.46)
0.35 (0.21-0.45)
0.05 (0.01-0.13)
3.88 (0.53-5.27)
0.24 (0.21-0.30)
1.09 (0.37-1.74)
0.08 (0.01-0.59)
038 (0.16-0.77)
0.40 (0.04-0.95)
2.36 (0.11-3.95)
0.04 (D.L-0.09)
0.66 (0.06-1.52)
0.63 (0.02-2.01)
1.59 (0.70-3.38)

0.08 (0.02-0.23)
0.18 (0.11-0.27)
0.82 (0.27-2.24)
0.65 (0.01-3.51)
0.15 (0.05-0.21)
0.17 (0.07-0.42)
2.49 (1.31-4.26)
0.19 (0.13-0.34)
0.82 (0.62-1.16)
0.24 (0.05-1.42)
0.84 (0.43-1.41)
1.05 (0.10-3.59)
0.09 (0.04-0.16)
0.70 (0.40-0.96)
0.18 (0.11-0.25)
0.17 (0.07-0.46)
0.27 (0.07-1.28)
0.17 (0.06-0.37)
0.53 (0.06-3.04)
0.11 (0.05-0.28)
0.40 (0.26-0.57)
0.30 (0.13-0.80)
0.42 (0.13-1.43)
0.12 (0.07-0.22)
1.49 (0.36-6.08)
0.55 (0.32-1.47)
0.10 (0.07-0.13)
0.32 (0.20-0.69)
0.16 (0.10-0.26)
0.12 (0.09-0.15)
0.15 (0.12-0.22)
9.64 (0.32-77.11)
0.35 (0.18-0.76)
0.24 (0.16-0.39)
2.07 (0.48-8.08)*
0.25 (0.09-0.77)
1.03 (0.13-3.74)
0.19 (0.05-0.94)

*: except for over-detection value

o 2 58 AEHN 2, AU ), 4406
N AZ), 2BAN BF), $HA AE), AFN
A%), ABN AU $E REES Awnn
(Fig. 1), 7P 2 ¥% B¥52 Yl A 8E &
ZEN AE s=9 A Hage] zkel7k 1022
mg kg '] Ath A FE 676 mg kg, LH A= 6.05
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mg kg!, HAE 5.97mg kg, A 561 mg kg,
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g2 11(0.30 mg kg h ;
o 05 > . . ‘
0
1234567 891011121314151617 1819 20212223 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
No.
Concentration range of As
6
s . !
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Fig. 1. Concentration range diagrams of Pb, Cd, As and Hg about each species.

x| ol AEHIAT F&= 2o]7} 331 mg kg
E v A2 gk Yepfgler,
Z o7l el Aoks ALl v A] AkAHE, $H=)

B3

kg otk BFEH L7 EXNE 298 A BEE BE
11 F5 4870 2H A A5 14.8%01%eH, 1 &
52w AE), BEE0 d2E), ASA0N A,

& Aol 7tk HlaL

2 H & {7 E 2545 A7 AAA| R
Lo =Zo] HMwH A Ao R Ve
FI=Ee A HA /\]EOHH 0.01 pg kg '(D.L)~
2.50 mg kg™'o] AEHAL, Hd FE7F FF L7
-rzl 0.30 mg kg™'& ZJJrﬁP Ay oko oFH AL(1.04 mg
gh), WE0.78mg kg, AZ(044mg kg"), +H
(0.39 mg kg!), 2L#HA(037mg kg!), AE(0.34mg

RN AE), PN AE), L3N FE), &
BAN AE), $HEN 2E), AN 2E), 42
N AZE), AFEHN AE)IAT v BE
HEH(Fig. 1) 7P & B5 BXICE JegE A&
£ oMAE AE x| Hupd Hagke] Aole
250mg kg ' 2 UERGY, tho® WF2 125 mg
ke!, A ES 1.03mg kg ' 02 UERGT $9 T,

—E A
==
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B4 Aokl FrElol 9 B 7 Fasel thEk e 24 207
MEA, A, 2F, L8A, °, AF, AL v E vl &e] A9 A AEA 0.12 pg kg DLy~
R E7EAE 2 AR AT SEEtE B 527 mg kg'o]l AEHUL, B st 78]
atol 7} Bl A 22 Ao 2 el F3] 3.00mg kg & 33 Ak §-F(3.88 mg kg)

Sepiae Os

Stichopus

Hippocapus

Gecko

Lumbricus

Holotric hia

Scorpion

Bombycis Excrementum
Eupolyphaga

Fel Tauri

Fossilia Ossis Mastodi
Gallnut

Trogopterorum Faeces
Scolopendrae Corpus
Antelopis Cornu

Piscis Colla

Vespertili Excrementum
Hirudo

Bufonis Venenum
Cicadidae Periostracum
Eumeces

Haliotidis Concha
Mantidis Ootheca
Moschus

Serpentis Periostracum
Amydae Carapax
Bombycis Corpus
Cantharides

Ostreae Testa

Tabanus

Cordyceps

Gryllotalpae Corpus
Cervi Parvum Cornu
Cervi Cornus Colla
Cervi Cornu

Vespae Nidus
Testudinis Plastrum
Galli Stomac hichum Corium

Ratio of heavy metals

I B Pb
B Cd
[ 1] oas
OHg
2A¥% 409% 60% 80% 1009

Fig. 2. Ratio of four heavy metals about each species.
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208 WA - A - ol AF) - vk
o|ATH HFILINEAE 2T AFE BF 3 ES
3HEA AA A F9] 4.00%0)90H, 7 FRS &
=T AE), AN AE), sz AE)elAnh
TE RIS AWETAFR 1) 7P 2 TR 2EE
£ YehiE F52 $2EA gy Axge 2
o] 7} 474 mg kg'olom, Th O 2 A § 3.84 mg
kg™, 33X 2.68 mg kg, & 2.55 mg kg, W7}
2 243 mg kg™, ©F 2.05 mg kg' & & JEFSETH

o) 5 WA, A, 03 BRIALINEAE 235}

| 32

53] Fie TEFEHAIE 1.06~2.82 mg kg™
AZE #hol TFIE7IEA
(3.00 mg kg el w9~ N3] A7) wfTe] A &A1
HelzAPE Za sk A0 2 et
F2o] A, F2AE A7 AE AE 23
AR E AQslH R EYA7F 0.01~77.11 mg
kg'o 2 YERGY, Hit FE7F 2F518715%(0.20
mg kg e 23 FHS A729.64 mg kg'), T
(249 mg kg, £3(1.49 mg kg), W7FFH1.05 mg
kg™, 3l14H(1.03 mg kg™, ¥FHE(0.84 mg kg™, =8
(0.82 mg kg™'), "§5(0.82 mg kg™, AFE|(0.70 mg kg™,
=7H0.65 mg kg™), 2H#](0.55 mg kg™), A5 (0.53
mg kg™'), ©12.(0.42 mg kg™'), $2(0.40 mg kg, A
Z(0.35 mg kg!), (032 mg kg'), °FHAH0.30
mg kg™), 22027 mg kg™), sH7H0.25 mg kg™),
22 (0.24 mg kg'"), A E(0.24 mg kg N2 21 F5
o|At}. 53] ] A & e AR F2AbE
471719 A% WS 2Hs90H o] AFRE A
ek YA A 59 HaFEE 2.07 mg kg o] lth
278 87|EAE 2T AlEE BT 1T AA
AN E9 545%Z UERYTE BE A 87F =29 7
387X E e FE2 =8, T, U5, Ve,
AHE, A, 2F, 237, A, INEA 1071 FEo
Aom, Mz, ofg AL, &, Ax, AE, v, 4t
o] T FEAAE AR Ayt o) dellA 27887

TAE 2Hshs 0] AEHUT. i, B3, ol

fu
=
kJ
o
iy
lo
T
LY
o, =

A, A% V) ERE BE AR AFHENENE
z3eiA Gt BT LIRS A9 RA(Fig. 1) 7
A 3T

o

3
(5]

R m.
=8 Uepd AlE= A2 2 H9E 032~-77.1
kg'ol9lem™ 1 xFo]= 76.79 mg kg oItk EdF 9

FY & zlolE 572 mg kg, N4 3.61 mg kg,

ol

- 7RIS - 7P - AAA
=7Fe 350 mg kg™, W7AF-S 349 mg kg z}o)
£ UERRSILE o]9} Zo] e tE FE&E 7t
Fo &7 E 233 A E7F BRI FE HAE
B Aoz Jelhy 49l #8918 ohekst Aot
Fej ool 3= A0 R VT
TEA A AEE |, IIERE, YA, S T

o Aoz vl e FEFEH &S Fig 29
BRI Hol 7HE 2 v gE e 2L A
B, =74n, 58, 47 ALEL AL, R E,
AF2), AE, da, 732, olu, 47, L8], on)
2b, S, S, 2AE, AL AZ, AFeR 227 EE
ollom HAEE2| 564%0) a|Faict o] F A,
o, 574w, =8, W1k AE, AN, AR E, AF
2, A, £, ou, dF, LH8 A, &2, ¢
=, AL Az, A gl L9t At o)
A ste] e @ Fo] THE FF3:d) nls) 4zt
I Ak St=Eol 7 B vEeE AEE A
opgAtolom, H|Avt 7HY B HE&E HEE A
ok FFotx, WA, v}, sERE 4 F5 ol
o] 7hg e v &2 AEH AL AVE,
T, WE my, By, A, o, QujAl,
A, ez 127] F501 30.77%= *FAI8t
F TEELS £29 &) 50%E 233
2 Yeyth A4 584 At 38 EE F
B, &, 2 B57F A7 8754 olsz A
FE-2 ouizie} H2k 27 8o ).

L

1

il

o

o Mo e
fo a2 24 >4

)

4

STy
E%ﬂril

Wiy oy o

Y
-

o0 o koW o
N

4.8 B

FEA A 38 FE 325719 AEA |, II=E,
Hl&, F29] s 2ALSIIT # AFoXe] f &
A AT Ade Ht I5E] AT H 86.6%, TH=
F 82.6%, H14& 873%, B E= W 93.2%, JI=F
107.8%, ¥4 102.7%, 282 AAAZL & 7.8%, 7}
EF 74%, ¥4 83%°] AT 21 F ] oFFH A ol A
AN 273 E71EAE 47 5.00 mg kg, THE
£ 030 mg kg™, Bl& 3.00 mg kg™, =& 020 mg
kg o2, o] AFIEIEXNE 243 T Ao
& AHE, AR, A, 2384, &, o', A, A'S
2 gl FEolleH, 7tEES 7, W, 484,
M, oFgAL 0F, 0B8A, ¢, AF, A4, Ase
210 5, Blae &2, A, dxZxE 3 5,
T H3 oAt A5-S AL 357 FEoIUT.
AA 84 Ak 8FR T 9, 7t=FE, UL, T2
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