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Heavy Metals Content and Risk Assessment

in Imported Herbal Medicine used for Food and Drug

Hyo Jin An

Department of Food Industrial Engineering
Graduate School of Global Fisheries

Pukyong National University

Abstract

Interest and demand for herbal medicines with a wide range or uses due
to various pharmacological actions are increasing. However, as domestic

production decreases due to the aging of rural areas, it is dependent on



imports, and imported herbal medicines may cause heavy metal
contamination problems depending on the medicinal part and the place of
production.

As the need to evaluate the safety of heavy metals in such illegally
distributed herbal medicines is emphasized, this study evaluated the heavy
metal content and safety of imported herbal herbal medicines.

Lead, cadmium, and arsenic were analyzed in order to conduct heavy
metal analysis on 935 cases of 29 herbal medicines imported and distributed
in Busan for three years from 2019. The microwave digestion method was
used to determine the concentrations of lead, cadmium, and arsenic in
samples by using ICP-MS (NexION 350, Perkin Elmer, USA).

In addition, the mercury content was detected by using a mercury
analyzer (IT/DMA-80, Milestone, USA).

Lead, cadmium, arsenic, and mercury were detected below the standard
values, and the content of lead and cadmium was higher in the above-
ground part than in the underground part, but in the case of arsenic, the
underground part was higher than the above-ground part.

When heavy metal content was compared by country of origin, lead and
cadmium were detected the highest in Vietnam, and arsenic was highest in

Russia. In the case of mercury, there were no significant differences by

Vi



country. Higher levels of lead, cadmium and arsenic were detected in China
and Vietnam, which are among the top importing countries of herbal
medicines, compared to other countries.

When heavy metal content was compared by year, no heavy metal exceeded
the standard, but the number of cases with lead content of 4 mg/kg or more
occurred once every year for 3 years, and the number of cases higher than
the average cadmium limit of 0.3 mg/kg was in 2019 33 Case, 26 cases in
2020, 22 cases in 2021.

As a result of analyzing the heavy metal content and evaluating the risk of
imported botanical herbal medicine raw materials, there were no samples
exceeding the standard for heavy metal content, and almost all samples were
analyzed to be safe. However, Glycyrrhizae Radix, Angelicae Gigantis
Radix, Cinnamomi Cortex, and Ulmi Cortex, where relatively high levels of
heavy metals were detected in lead, cadmium, and arsenic, showed higher
detection values than other samples, and in Vietnam and China, which are
high-income countries, higher levels than the overall average by country.

Therefore, continuous monitoring of herbal medicine products,
particularly concerning heavy metals, should be adopted to ensure human

safety and security.

vii
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Thailand, 14, Egypt, 14,1% p,csia 9. 1%

2%
India, 45, 5% Uzbekistan, 44,
Myanmar, 42, 5%
4%

Canada, 46, 5%
Pakistan, 27, 3%

Indonesia, 46,
5%

China, 500, 53%
Vietnam, 136,
15%

Peru, 12, 1%

Fig. 1. Origin classification of herbal medicines



Table 1. Classification of herbal medicines used samples.

Partsused Sample number Latin name
Above ground parts

Herba 16 Leonuri Herba
Flos 57 Lonicerae Flos, Syzygii Flos
Semen 143 Cannabis Semen, Zizyphi Semen, Nelumbinis Semen,

Myristicae Semen, Trigonellae Semen

Fructus 144 Amomi  Fructus, Citri Unshius Pericarpium,
Crataegi Fructus, Illicii Veri Fructus, Longanae
Arillus, Foeniculi Fructus.

Cortex 128 Cinnamomi Cortex, Ulmi Cortex

Underground parts

Radix 362 Glycyrrhizae Radix, Angelicae Gigantis Radix,
Platycodonis Radix, Achyranthis Radix, Paeoniae
Radix, Rehmanniae Radix, Puerariae Radix,
Phlomidis Radix, Astragali Radix, Poria Sclerotium

Rhizoma 85 Atractylodis Rhizoma Alba, Zingiberis Rhizoma,
Cnidii Rhizoma




2. BEF R A

3 JIER, H429 EFEL ICPIMSES AFEEF oW W CGPB1(10 pg
/mL, Inorganic Ventures, USA), 7} =% MSCD(10 pg/mL, Inorganic Ventures,
USA), H]Z CGAS1(10 pg/mL, Inoranic Ventures, USA), = MSHGN(10
ug/mL, Inorganic Ventures, USA)S AF&3}3ITth  L-Cysteine (L-Cystein
hydrochloride Monohydrate, Fluka, USA), HNO;<> (Ecoresearch, 65%, Korea)=-

At EFG D AR AEH TR 2eg ARG (Merck,

>

FR/Milli-Q Direct 16) & Al %3} 18.2Q o] A4+ 2] 715 AH-g-31 %t}

3, JtEE HlA9 ®FE992 Inorganic Ventures A EFEES 0.1%
HNO; ol 343l &zAls3 09 F2 0.5, 25, 5, 10, 20 pgL o=
FEFS 0.1, 05, 1, 2, 4 pg/l O & H|AE 05, 2.5, 4, 1, 20 pg/l O
ZAsFE o 422 ¥ 7892 Inorganic Ventures Al %S 0.001% L-

Cystein 49 © 2 345} 1,2, 5, 10, 20 pg/L © 2 A4 &SIt}
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W, 7HE, B4 Al o whet mro] Az glo] B R of whet Al v E AR
£ 4] -(CH/MS105DU, Mettler Toledo, Greigensee, Switzerland)l] ¥ 0.5 g= 0.1 mg7}+
2 FA A A Fsle] vro] L2 0] H8- vesselol] ¥ 17 65% HNO; 12 mL2 7}
gt 9 hoodoll A 1243k o] WA|sto] ofn] &= sFlth 1 - Microwave

Digestion System(Milestone, IT/Ultrawave, Italy)S- AF-8-3Fo] ¢+ F-3afj 519 o). vlo] =1

i

Z o]y 7]7] Z71L2 1500W powerol| A 20%-7F 220°C 7HA] A4 71 5 10

Perkin Elmer, Waltham, USA)S AF&3lo] S43stlom 7]7]84 212

Table 2] Y- St}

42. 5L S Y AAE 2 £49717]
AT S o sl ok Ak Al 30, oA 5 Lk TS AR
2 Aol uhet i d 3F 3k Al 25 A2 (Entris 1241-1S) 1] 0.05 g2 0.1 mg7}A]

A stA A Fgato] F2AE 54 7] (ITIDMA-80, Milestone, USA) S Al-8-3}¢]

sto] AES & FEE Toht 7hA7) 5 Fohuhy 0% $ASH T A

11
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Table 2. ICP/MS Conditions for heavy metal analysis.

Parameter Conditions

Instrument ICP/MS NexION 350 USA
Nebulizer Meinhard type

Neb. gas flow Ar 0.92 L/min

Aux. gas flow Ar 1.40 L/min

Plasma gas flow Ar 18.0 L/min

Lens voltage 45V

RF Power 1500 W

Cellgas A NH3 0.3 L/min

Mass(a3u) Pb: 208, As: 75, Cd: 111

13



Table 3. DMA-80 Conditions for heavy metal analysis.

Parameter Conditions

Instrument Milestone (IT/DMA-80)
Drying Temp. 200C

Drying Time 60s

Decomp. Temp. 650°C

Decomp. Time 180s

Purge Time 60 s

Amalgame Time 12s

Recording Time 30s

14



AlgHe f3A  7HZE(Method Validation)s $3l CODEX Al&W

Zhol=eklel Fsto] 3 7he F&EA T3 <AAH(Validation Parameter)E

iy

AR, SE5H A= A

dds AHA

=

O_u
=

gt fFa3A F QAR =

o
o:

212 4] (Linearity), 7 =3HA(Limit  of  Detection)&d & $HA|(Limit  of

Quantification), " €+ %= (Accuracy) & 4 551 T}

1.1 A4
AR e Aol A4 W e A F A R s

10, 20 pg/L ‘E=5 ol A FFEH2 01,05, 1, 2, 4 pg/L 550 A 0] 2= 0.5, 2.5, 4,

10,20 pg/L F 2o A % 338 AR AR o 5oL FF AL 1,2,5

32

10, 20 pg/L &) sl A X3kt 242F & 3 3] A A& A4 aF sl th(Table
4).

o AEE W iR £

)
kA

T8N APd FAFHR)S @
0.9998 o], 7F=H 0.9998 o], H]4 0.9967 ©]o] S 2. H(Fig. 2-4) I
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HA Bl A

Al (Limit of Detection, LOD) & 7 A 5l

}= Z1sk3ItH(Fig. 5).

™

ke

1.2. 3%

of

Al (Limit
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A

™
Jjo
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S
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Al
A

=
=

s

SkHAl (10 x 6)/S

o]

e}

=

3l W, ZF=E H

S

LOQ) &+
USA)

A (3 x o)/S 9 AF

I(BCR 277R,
Az
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al

4

=
=4

s

S

95tk LOD, LOQ & =74 3817] 9
i

Quantitation/Quantification,

A

BL
fite)
N
X
ol

‘_Ir”

A= 22} 0.04 pug/L, 0.09

A= 2+2F0.01 pg/L, 0.03 pg/L, 0.02 pg/L,
16

o,
ug/L, 0.06 pg/L, 0.05 ug/L 3 Th(Table 5).

0.01 pg/L 1T} H, 7= H, v



Table 4. Linearity data of heavy metal from standard.

Compound name Linearity r
y = 43,989x +821.75 0.9999
Pb y = 36,595x + 151.05 0.9999
y = 35,404x + 2079.6 0.9998
y = 8,182.3x + 6.8645 0.9999
Cd y =7,197.9x — 50.789 0.9999
y = 6,978.9x -100.98 0.9998
y = 5,554.1x + 1138.2 0.9975
As y = 4,387.6x + 1295.1 0.9967
y = 4,278.6x + 923.39 0.9983
y = 0.0377x + 0.0238 0.9918
Hg y = 0.0344x + 0.0264 0.9901
y = 0.0354x + 0.0392 0.9906

17
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Fig. 2. Calibration curves for determination of lead.
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Fig. 3. Calibration curves for determination of cadmium.
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Fig. 4. Calibration curves for determination of arsenic.

09
08 | i
RE=0.9918 3 Re=0.9901
07 |
R2= 0.9906
10 15 20 25

Conc(pg/L)

Fig. 5. Calibration curves for determination of mercury.

19



Table 5. The limit of detection (LOD) and limit quantification (LOQ) values of

each heavy metal for standard.

Compound name LOD (ug/L) LOQ (ug/L)
Pb 0.01 0.04
Cd 0.03 0.09
As 0.02 0.06
Hg 0.01 0.05

20
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Table 6. Recovery of heavy metal (ug/L) in spiking samples.

Sample Pb Cd As Hg

(n=2) 0.5 2.5 0.1 0.5 0.5 2.5 0.05 0.1

Myristicae 03.43+2.72Y 96.33+1.13 106.11+3.66 110.11+1.00 91.74+1.25 93.64+3.11 87.01+3.88 81.59+4.12
Semen
Glycyrrhizae 95.21+1.68  93.98+0.42 87.37+0.56 85.42+0.95 95.46+0.98 96.86+0.75 91.49+2.46 82.26+3.76
Radix

1) Average recovery (%) * standard deviation (n =7)
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Table 7. The heavy metal acceptable concentration (mg/kg) in HMFD.

Parameter Acceptable concentration
Pb 5
Cd 0.3(0.79)
As 3
Hg 0.2

1)  Achyranthis Radix, Atractylodis Rhizoma Alba, Cinnamomi Cortex
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7] 7] 5 mg/kg o] sk= B 7] A o] &2 yERETE Wel $EFS ND-
4.8700 mg/kg 2] Lol A HE=H ek F9 Mg H2 S UEd S5
¥ 7] (4.8700 mg/kg) S 3L 4 mglkg ©1 % HEH F5 S, gk ol JlTh
T AT Fro] 9] 10 Abel YERd FES AV EW 5-2-51(1.4997
mg/kg), ¥4 H(1.2618 mg/kg), 13 (1.2568 mg/kg), < 71(0.9569 mg/kg),
©] & %(0.6938 mg/kg), &<+ (0.6750 mg/kg), 7-5(0.6091 mg/kg), AF<1(0.4212
ma/kg), #12+(0.4195 mg/kg) 2! AFAF(0.4140 mg/kg) =S 2 A AZEH )
Fod o o ekl =7)7 2 (1.1069 mg/kg), 25(0.7853 mg/kg), ©1(0.6938
mg/kg), ¥#21(0.4232 mgl/kg), ¥ 2= 71(0.2598 mg/kg), < m(0.1686 mg/kg)
#](0.1049 mg/kg) <=0] AT} o] = Lol A F 2 Fo] ¥ th= Bl (Zhuetal,
2013) 8} frAs AdE Bk 27184, 2 4 Q) 791 Al s gtk
= Aspy-e Hry], HeEr] FolRT go] ko] ESkedl ol
StobAl o] e ghego] AH-7E A Eth o E8kthE =R AN A E
HATHKIm et al,. 2009). FAHE & He] FH 7152 0.3 mg/kg ©] = 935 71
Az F 264 A AEVF Vs 2Hste Fo®E YERRARE

215 A(MFDS, 2018)¥ = A 21 %3 7Ha 9] € 3] JECFA, 2019)9] &A4H=2)
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FhEE 71L& 03 mglkg %+ 0.7 mgkg ©]&tolth TR J=H
712 0.3 mg/kg ©1AIRF 0.7 mglkg & A&S W FEe 5S4, W
$Zolth, t=H9 deFS ND-0.6630 mg/kg 2 W YolA HEH o,
A B 714 o E yErsth JtEEe] M =2 AEHE YEd
0.7 mglkg ©lske] 7]l A= 5 71(0.6630 mg/kg), 0.3 mg/kg ©] ]
71Z o= 29 (0.2921 mg/kg) A th FFER-Q) HE Hito] AH9] 10 £
LRt E5-S Ay 1 57 (0.3445 mglkg), @7 (0.2087 mg/kg), 7 7(0.1751
mg/kg), #+2(0.1601 mg/kg), ®Z(0.1300 mg/kg), +<(0.1247 mgl/kg),

Z°3(0.0932 mg/kg), +-3H0.0837 mglkg), AH%(0.0765 mglkg) 2

F5H0.0712 mo/kg) o= A A=ZHUY F54E JtEF HAEES
Kim(2015)2] -2} F-AFsE A& &Ql 8 5= QIQlth & AFollA 7]& 22
AFE AAA T T E ok L =3 s 7t =F 7S A gy

71% 23 AAIE 80 ol HA4 76 1, WE 2 A 3 & 2 7ot
o Jl =B o sheke £ 7)7 20,1915 mg/kg), B2 = 71(0.1327 mg/kg),

B12](0.0861 mg/kg), 21(0.0542 mg/kg), 2£(0.0431 mg/kg), #4(0.0282 mg/kg) =

< v} (0.0151 mg/kg) =°] L T
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H| 48] 7] 3 mglkg ©] 8FE BT 7154 o] Ul &= VERS T B A 0] gheFS
ND-1.4087 mg/kg 2] & HolelA HEHIUTh v&e] 7H 2 3
el EES Zhx 2 14087 mglkg ©1Th vl A9 AET o] A9
10 9l qkel bt #5-5 Abs B F-23}(0.3293 mg/kg), +-5(0.2820 mg/kg),

5+4:1H0.2794 mg/kg), 3](0.2246 mg/kg), ] E*(0.2063 mg/kg),
A]$4(0.1884 mg/kg), *-5(0.1649 mg/kg), *=(0.1603 mg/kg), =+7](0.1385

mg/kg) %! 7%(0.1372 mg/kg) = o2 B AEFS YERITE 790 Bl A&

£y

dheke 21(0.2063 mglkg), 2:(0.1730 mg/kg), H2)(0.1553 mglkg),
%7177(0.1447 mglkg), %] % 7](0.1245 mg/kg), A v1(0.0540 mglkg) = A

(0.0363 mg/kg)<=°] 31T}

520 71%€ 02 mgkg ol8HE BF 7]EA ol ® UElskow R
AZEA GG vlo 7 §oju) s Ak ql9
ol QoA & AR} S okm AASFT vl AL AR} BT

B3 (Kim et al,. 2000) S} #Fo] & 10|31 Gt o] = A Zol thg +25 o] &

1o

J

Fr7h A=l V1A Befe @l wet vEr 53] dol JtEERT
Eoko] #Ao] = 7 (Deng et al., 2004)9} A A¥E BT
olel H& tefd AR Tu5 §F A7 dosta A4En. 29

3 Aok AsHtel Fefvldk Akoli= |l ©li= Lee(2008) 5 °
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Table 8. Heavy metal contents (mg/kg) in herbal medicines classified by parts used.

Latin name Sample Pb Cd As Hg
number
. . 0.61+0.35" 0.12+0.11 0.28+0.13 0.00£0.00
Achyranthis Radix 32 (0.13~1.74)? (0.03~0.45) (0.08~0.53) (ND~0.01)
Amomi Eructs 5 0.4240.28 0.01:0.02 0.04+0.04 0.000.00
(0.07~1.29) (ND~0.06) (0.01~0.17) (ND~0.01)
Angelicae Gigantis Radix 29 0.29+0.30 0.21+0.07 0.13+0.12 0.000.00
(ND~1.64) (ND~0.16) (ND~0.16) (ND~0.02)
nstragali Radix y 0.18+0.20 0.03+0.02 0.14+0.09 0.00+0.00
(0.02~1.30) (0.01~0.13) (ND~0.42) (ND~0.02)
o 0.26+0.44 0.13+0.13 0.16+0.23 0.000.00
Atractylodis Rhizoma Alba 21 (0.04~2.04) (0.02~0.51) (0.03~1.14) (ND~0.01)
Cinnamomi Cortex 4 0.96+0.95 0.34+0.13 0.06+0.08 0.02+0.01
(ND~4.86) (ND~0.66) (ND~0.58) (ND~0.06)
Citri Unshius Pericarpium 24 0.1240.12 0.01£0.03 0.0740.11 0.000.00
(0.02~0.64) (ND~0.17) (ND~0.45) (ND~0.01)
cidii Riizoma 45 0.24+0.13 0.09+0.02 0.1640.08 0.00+0.00
(0.09~0.78) (0.04~0.15) (0.07~0.45) (ND~0.01)
Crataegi Frustus L 0.06+0.04 0.02+0.02 0.05+0.05 0.0140.01
(0.08~1.51) (ND~0.09) (0.02~0.20) (ND~0.03)
Foeniouli Fructus 40 0.06+0.04 0.02+0.01 0.05+0.04 0.01+0.00
(ND-0.19) (0.01~0.03) (0.02~0.18) (ND~0.03)

28

(Continued)



Table 8. (Continued)

. Sample

Latin name numEer Pb Cd As Hg

Glycyrrhizae Radix 58 0.11+0.08 0.01+0.01 0.14+0.20 0.00+0.00
(ND~0.39) (ND~0.04) (ND~1.41) (ND~0.01)

lici Veri Eructus 26 0.20+0.11 0.010.01 0.070.11 0.02+0.00
(ND~0.54) (ND~0.03) (0.01~0.57) (0.01~0.03)

Leonuri Herba 16 0.69+0.48 0.05+0.08 0.21+0.16 0.0110.01
(0.06~1.73) (0.01~0.28) (0.04~0.54) (ND~0.03)

Longan Arillus 17 0.05+0.06 0.01+0.02 0.03+0.05 0.01+0.02
(ND~0.25) (ND~0.10) (ND~0.21) (ND~0.10)

Lonicerae Elos 16 1.50+0.55 0.08+0.04 0.33+0.11 0.02+0.02
(0.73~2.62) (0.01~0.19) (0.19~0.57) (ND~0.10)

Myristicae Semen 13 0.03+0.02 0.03+0.02 0.01+0.01 0.00+0.00
(ND~0.08) (0.01~0.08) (ND~0.05) (ND~0.01)

Nelumbinis Semen 97 0.04+0.07 0.08+0.03 0.06x0.07 0.01+0.00
(ND~0.28) (0.01~0.15) (ND~0.30) (ND~0.02)

Paconiae Radix 45 0.18+0.28 0.07+0.09 0.09+0.05 0.00+0.00
(0.02~1.53) (0.02~0.23) (0.01~0.25) (ND~0.02)

Phlomidis Radix 14 1.26+0.98 0.07+0.07 0.28+0.16 0.01+0.00
(0.34~4.04) (0.03~0.15) (0.10~0.78) (ND~0.01)

Platycodonis Radiix 21 0.08+0.07 0.07+0.07 0.07+0.07 0.00+0.00
(0.01~0.37) (0.02~0.23) (0.02~0.33) (ND~0.01)

Poria Sclerotium 30 0.14+0.25 0.02+0.02 0.05+0.05 0.01+0.01
(ND~1.15) (ND~0.11) (ND~0.21) (ND~0.04)
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Table 8. (Continued)

Sample

Latin name Pb Cd As Hg
number

Suerariae Radix . 0.68£0.77 0.160.08 0.080.08 0.000.00
(0.06~3.79) (0.04~0.26) (ND~0.34) (ND~0.01)

Rehmanniae Radix " 0.42+0.44 0.04£0.03 0.19+0.14 0.020.03
(0.02~1.29) (ND~0.11) (0.01~0.47) (ND~0.16)

Syzyagii Flos n 0.070.07 0.000.00 0.0240.01 0.01£0.01
(ND~0.46) (ND~0.01) (ND~0.05) (ND~0.04)

. 0.0940.25 0.03+0.02 0.06+0.11 0.000.00
Trigonellae Semen 30 (ND~1.36) (0.01~0.11) (ND~0.44) (ND~0.01)

Ulmi Cortex " 1.26+1.35 0.04£0.02 0.22+0.29 0.010.01
(0.17~4.87) (0.02~0.08) (0.04~1.19) (0.01~0.03)

Zingiberis Rhizoma 18 0.29+0.25 0.18+0.08 0.050.05 0.000.00
(0.03~0.74) (0.03~0.29) (ND~0.19) (ND~0.01)

Zizyphi Semen . 0.04£0.03 0.000.00 0.020.02 0.000.00
(ND~0.14) (ND~0.01) (0.01~0.12) (ND~0.01)

Cannabis semen 48 0.02+0.02 0.02+0.01 0.03£0.12 0.01£0.01
(ND~0.11) (ND~0.04) (ND~0.80) (ND~0.03)

1) Data are shown as mean + standard deviation

2) Min-Max
3) ND: Not Detected.
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Table 9. Heavy metal contents (mg/kg) in herbal medicines classified by parts used.

Sample

Group number Pb Cd As Hg
Cortex 128 1.11+1.00" 0.19£0.15 0.14+0.13 0.02+0.01
(ND?~4.87)% (ND~0.66) (ND~0.58) (ND~0.06)

Flos 57 0.79+0.71 0.04£0.04 0.17+0.15 0.01+0.01
(ND~1.97) (ND~0.19) (ND~0.57) (ND~0.04)

— " 0.21+0.23 0.01+0.02 0.05£0.07 0.01+0.01
(ND~1.51) (ND~0.17) (ND~0.57) (ND~0.10)

Herba 16 0.69+0.48 0.05£0.08 0.21#0.16 0.01+0.01
(0.06~1.72) (0.01~0.28) (0.04~0.54) (ND~0.02)

Radix 26 0.42+0.45 0.09£0.08 0.16£0.14 0.01+0.01
(ND~4.04) (ND~0.63) (ND~1.41) (ND~0.16)

Rhizoma - 0.26£0.26 0.13£0.08 0.1240.14 0.00£0.00
(0.03~2.04) (0.02~0.51) (ND~1.14) (ND~0.01)

Semen 143 0.04£0.12 0.03£0.03 0.03+0.09 0.00£0.01
(ND~1.36) (ND~0.15) (ND~0.80) (ND~0.03)

Total o35 0.35:0.59 0.09:0.12 0.10£0.13 0.01£0.01
(ND~4.87) (ND~0.63) (ND~1.41) (ND~0.16)

Above around oarts 488 0.40£0.70 0.10£0.15 0.07£0.11 0.01£0.01
g P (ND~4.87) (ND~0.66) (ND~0.80) (ND~0.10)
Underaround varts 447 0.29+0.42 0.08+0.09 0.14£0.14 0.00£0.01
g P (ND~4.04) (ND~0.63) (ND~1.41) (ND~0.16)

1) Data are shown as mean + standard deviation

2) ND: Not Detected
3) Min-Ma
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2019 1 1 €%E 2021 d 12 €714 3 dEe FALS £ 529 H o
FEE A Sl Aok 29 75 935 7S AAAHEE 73] ICP/MS(NexION

350, Perkin Elmer, USA) ¢} DMA-80(IT/DMA-80, Milestone, USA)-= ©]-83}o]

2] 3E O] oFE I A (MFDS, 2022, =21 # & AAFAIR)e w2 20219 F
169 7 =7Fe] 49 1= 814,618 1ol om i) =7k A9
20 /= ol & &= (235,224 1), B = (32,856 71), Wl E (32,412 1)

o] ZEHGLY. olF F FYAE HFAELS 124 JoF F(63 1),

k)
o
o
%
o

HEDT17 ) 2 H=(117) =22 743 131 Sl

B FoaE Fe W EW(0.50+0.65) mglkg, =+(0.45+0.67) mgl/kg,
7] <%k (0.36+0.56) mg/kg O 2, ZFEHS I EH(0.21+0.16) mgl/kg,
#H F(0.15+0.08) mg/kg, 7] AEH0.12+40.18) mglkg O E, HlAE
2] A ©}(0.25£0.44) mglkg, Z=(0.14+0.14) mglkg, $-ZHl7]2%H0.12+0.11)
mg/kg = 0.2 =A Ughom 520 A9 o) st Aol Apol= gl

R dakAel vdt =3 dha £ 4k Table 10 ¥} 2t}
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Table 10. Heavy metal contents (mg/kg) according to origin.

Origin Sample number Pb Cd As Hg

Canada 46 0.02+0.027 0.02+0.01 0.03+0.12 0.01+0.01
(ND?~0.11)% (ND~0.04) (ND~0.80) (ND~0.03)

China 500 0.45+0.67 0.09+0.11 0.14+0.14 0.01+0.01
(ND~4.87) (ND~0.66) (ND~1.19) (ND~0.16)

Egypt 14 0.06+0.05 0.01+0.00 0.07+0.06 0.00+0.00
(ND~0.18) (0.01~0.02) (0.02~0.18) (ND~0.01)

India 45 0.08+0.20 0.03+0.02 0.05+0.09 0.00+0.00
(ND~1.36) (ND~0.11) (ND~0.44) (ND~0.03)

Indonesia 46 0.06+0.07 0.02+0.08 0.02+0.01 0.00+0.00
(ND~0.46) (ND~0.52) (ND~0.05) (ND~0.02)

Myanmar 42 0.18+0.25 0.00+0.00 0.03+0.04 0.00+0.00
(ND~1.29) (ND~0.01) (0.01~0.17) (ND~0.01)

Pakistan 27 0.36+0.56 0.12+0.18 0.04+0.03 0.01+0.01
(0.01~1.87) (ND~0.52) (ND~0.11) (ND~0.04)
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Table 10. (Continued)

Origin Sample number Pb Cd As Hg
Peru 12 0.30+0.25 0.15+0.08 0.03+0.02 0.00+0.00
(0.03~0.71) (0.03~0.27) (ND~0.08) (ND~0.01)
Russia 9 0.15+0.09 0.02+0.01 0.25+0.44 0.00+0.00
(0.01~0.29) (0.01~0.03) (0.02~1.41) (ND)
Thailand 14 0.05+0.07 0.02+0.02 0.03+0.05 0.01+0.03
(ND~0.25) (ND~0.10) (ND~0.21) (ND~0.10)
Uzbekistan 44 0.10+0.06 0.01+0.01 0.12+0.11 0.00+0.00
(ND~0.31) (ND~0.04) (ND~0.71) (ND~0.01)
Vietnam 136 0.50+0.65 0.21+0.16 0.06+0.09 0.01+0.01
(ND~3.78) (ND~0.50) (ND~0.58) (ND~0.06)
1) Data are shown as mean + standard deviation
2) ND: Not Detected
3) Min-Max
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FHAE Aokl Fado] mA W2tk Eal(Yim et al., 2009) 2} FAFE-S
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mg/kg, 7F=H 0.3~1.0 mg/kg, B] 4 3 mglkg Bt} A AEH oW 235 =
AHE = g sk ar gl

A FE O OFE QP A (MEDS,  2022)0 w=w 2021 US> 814,618 A,
18,936,539 &, 32577910 H4IeEE Fdeiom  olF  0.17%<!
1,414 71[48,319 £(0.26%), 28,378 HE](0.09%)]°] FA ot H
5 A F FYASdn A A4 2017 @ 1,279 71(0.19%), 2018
1,478 71(0.20%), 2019 \d 1,295 71(0.18%), 2020 'd 1,083 71(0.14%) % 2016 I

o] % 7H A F A9 o1}, 2021 9 0.03% 57131l th(Table 11).
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Table 11. Violation of heavy metal standards by year.

(Number of cases)

Year 2017 2018 2019 2020 2021
Import 672,273 728,114 738,082 750,993 814,618
Incongruity
product 1,279 1,478 1,295 1,083 1,414
Incongruity
agricultural

83 127 118 94 124
products
Exceeded MRLs"

22 31 27 24

for heavy metal

1)

MRLs: maximum residue levels for heavy metal content
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Table 12. Contents of heavy metal in herbal medicines circulating in Busan from

2019 to 2021.
Unit: mg/kg
Year Sample Pb Cd As Hg
number

2019 312 0.36x0.66" 0.09:0.14 0.10£0.13 0.01£0.01
(ND?~4.86)Y (ND~0.66) (ND~1.14)  (ND~0.06)

2020 283 0.41+0.65 0.104£0.13 0.11£0.15 0.01+0.01
(ND~4.87) (ND~0.63)  (ND~1.41)  (ND-~0.10)

2021 340 0.29+0.44 0.08+0.11 0.09+0.11 0.01+0.01
(ND~4.04) (ND~0.55)  (ND~0.78)  (ND~0.16)

1) Data are shown as mean + standard deviation
2) ND: Not Detected
3) Min-Max
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