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A Study on the Hazardous Metal Content of Herbal Medicines
in the Daegu Area
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ABSTRACT

Objectives: The hazardous metals content of medicinal herbs distributed in the Daegu area was investigated, and
the place of origin and the content of herbicides and medicinal components were studied.

Methods: An analysis of hazardous metals content (10 types) was carried out on 164 samples of 99 types of
herbal medicines. Among the total samples, 45 were domestic and 119 were imported. Hg was analyzed by the
amalgamation method. Other hazardous metals content (nine types) was digested using the microwave method
and measured by inductively coupled plasma optical emission spectrometry (ICP-OES).

Results: The mean values of the hazardous metals content in the herbal medicines were Pb 1.0833 mg/kg, As
0.0136 mg/kg, Cd 0.0840 mg/kg, Cr 3.7120 mg/kg, Cu 4.2666 mg/kg, Mn 40.080 mg/kg, Ni 1.4330 mg/kg, Sb
0.1053 mg/kg, Al 202.64 mg/kg and Hg 0.0062 mg/kg. Three of the samples violated the Ministry of Food and
Drug Safety (MFDS) regulatory guidance on cadmium (less than 0.3 mg/kg). The measured values of heavy
metals (Pb, As, Cd, Hg) showed levels below the recommended levels for herbal medicines in MFDS regulatory
guidance. In the comparison of domestic samples with imported herbal medicines, it was found that one
domestic and two imported samples surpassed the maximum residue limits for cadmium. The median values of
the hazardous metals detected in the three medicinal parts of the root, leaf (branch), and flower (seed and fruit)
were as follows. Cr, Ni, Sb and Al were highly detected in roots, Pb, Cd, Mn, Hg in leafs (branch), and As, Cu
in flowers (seed and fruit).

Conclusion: There were various kinds of hazardous metals which were detected at high levels according to the
place of origin of the medicinal herb and the parts the plant. For hazardous metals for which no acceptance
criteria have been established, safety standards should be further studied and managed to ensure the safety of
herbal medicines.

Keywords: Hazardous metal, herbal medicines, ICP-OES, amalgamation method
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1. M=z

SRRl = 2015~201690 T-3GA] SFE Aol A
FEEL U= 99572 A 4570, T4t 957,
S 9] YA 244 T 164718 o= 19T

Table 1. The conditions of ICP-OES spectrometer

g FekE BT F 100g F=S F stk
A AEE ARSI

2. ASF R EEE

Nitric acid(Junsei Chemical Co., Ltd. Japan)<}
Hydrochloric acid(Daejung chemicals & Metals co.,
Ltd., Koreay= 353488 AME3Ilon, S/
= MilliporeAFe] % =74 (Milli-Q Direct 16
system, Darmstadt, Germany)Z #|Z3gF A&7k 18.2
MQ o3l AAFE ARSI 24 S A% #F
4912 Quality control standard 21(As, Be, Ca, Cd,
Co, Cr, Cu, Fe, Li, Mg, Mn, Mo, Ni, Pb, Sb, Se,
Sr, Ti, TI, V, Zn 100 pg/ml, Perkin Elmer, USA)}
Al(1000 pg/ml, Perkin Elmer, USA), Hg(1000 mg/
I, Perkin Elmer, USA)S AFE3IN o 3|48 A
< 93 ERA EFRIFEZ(A Waters Company,
P255-500y2 AR8-31SH

3. AEI17]
w, ¥, 7les, 38, T, w7 UA, Qe
9 AFrEe AlFEY AzdE vlo|azZgo]E
(MARS X traction, CEM, USAY’} AH&-5ic}.
hFs A4S ICP-OES(Optima 8300 DV, Perkin
Elmer, USA)S ARSSISITE 722 $~23417] (DMA-
80 Direct Mercury Atomizer, MILESTONE S&T
Co., Ltd., USA)E ARE-3FAATE. 412712 Table 1,
29} 2t}

o

Table 2. The conditions of mercury analyzer

Parameter Conditions
Method Gold amalgamation method-Pyrolysis
Detecter Silicon UV photodetecter

Wave length 253.65 nm
Carrier gas Purified air
Sample forms Solid, liquid

Parameter Wavelength Parameter Wavelength Parameter Operating conditions
Pb 220.353 Mn 257.610 RF power 1,300 watts
As 193.696 Ni 231.604 Nebulizer flow 0.65 L/min
Cd 228.802 Sb 206.830 Auxiliary flow 0.2 L/min
Cr 267.716 Al 396.153 Plasma flow 12.0 L/min
Cu 327.393 Sample flow 1.5 L/min

http://mwww.kseh.org/
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1) Ali-»l AA=

@© ¥, ¥, 7k=%F, 38, 79, 91 YA, QHE
28 gRny

42 3 3 ARE vlo|AZY ol HE vesseldl
°F 0.2~03 g¥= F3ted A2F 9miet FAF 1 mlE
7}ek - hoodoll A 16417 o] W8Tt o]
e o F AIEE ﬂkﬂﬂiﬂlomi 3l st o]
Ao ZEOZ ZuA|7] T 29,A LN |OmlE =
ol & AlFggaoz AlLsIT)

2~0

T

;lm g]/;ﬂ o ;\] B2 AAF Qlo] °F 40~50 mg?

2) AEsH A 38 A

AEA 2 & AF8E 98k |, vk, 7=
', 3&, 7, 97, YA, EE ¥ dRrEe
TIPS Al FE WMgE201534h, 288 Al1F(2015
dihs ARSI

© A 24

w, B, 7=, 35, 7, w1 UA, e
9 GFES FTENS 2%AHgdo g s s}

=
o 1=

o] 0.01, 02, 1, 2 ug/mle)

o] = o) Kel
2 FTEHS

AT
0.001% L-cysteine 8-} 02 3|43}
0.001, 0.002, 0.005, 0.01 pg/mle] F=Z AR5}
oo, B, ThkeE, 3%, 7, 97 UE, O
© 3 &FrEY 74%“&8 R? = 0.9999 o))
om, 280 AFAL R = 0999502 F5dt 3
A74& B tH(Table 3).

@ | %}7419} A
H] 4 w, 38, 72, B, VA, e 3
Alﬁ“l AR o FEFEAEY F §%
FEAE 0.1 pug/ml)yS 7<47}o}o:] A2 b
Y5 7‘4?48& T Z7std HEEA, A
Axedtt 22 FAEE AR #FE

o

i

il

E
EI

rlo

0 OH

7tes, 2F, 78, 91 UE, tE

Tf% IANAE AR g 258
T 05 pgmhe A7H 719 RS

A A@ F FYsh. e

Z891(0.002 ug/mlyS A7+ 571
glol 74 e th(Table 3).

off 2 12 rf

Table 3. The results from the validation test for the analysis of 10 elements

Element Recovery(%)" RSD(%)” LOD(ug/kg)” LOQ(ug/kg)” Linearity(R?)
Pb 98.4 0.7 1.48 4.89 >0.9999
As 98.6 1.6 2.86 9.45 >0.9999
Cd 97.8 1.4 0.40 1.32 >0.9999
Cr 99.2 2.0 0.28 0.92 >0.9999
Cu 102.4 4.5 0.51 1.68 >0.9999
Mn 96.5 1.3 0.64 2.10 >0.9999
Ni 100.0 1.7 0.79 2.60 >0.9999
Sb 934 1.1 2.58 8.50 >0.9999
Al 112.4 3.8 4.86 16.05 >0.9999
Hg 102.9 44 0.0002 0.0007 >(0.9995

" Mean values obtained from five measurements
? Standard deviation/Mean value x100

9 Limit of detection = 3 xo/m (c: STDEV of area, m: slope of calibration curve)

9 Limit of quantitation = 3.3 x LOD

J Environ Health Sci 2017; 43(4): 257-266
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Table 4. The measurement of certified reference material(CRM)

Certified Measured
Element - Recovery(%) RSD(%)”
Mean(ug/ml)”  Uncertainty(%)  Mean(ug/ml) SD?
Pb 0.302 0.466 0.3174 0.0018 105.1 0.57
As 0.389 0.574 0.4002 0.0018 102.9 0.45
Cd 0.743 0.460 0.7704 0.0021 103.7 0.27
Cr 0.645 6.240 0.6750 0.0014 104.7 0.20
Cu 0.727 0.458 0.7718 0.0013 106.2 0.17
Mn 0.424 0.460 0.4540 0.0007 107.1 0.16
Ni 1.150 0.458 1.2176 0.0022 105.9 0.18
Sb 0.334 0.602 0.3538 0.0011 105.9 0.31
Al 1.960 4.980 1.8832 0.0128 96.1 0.68
Hg 0.766 0.700 0.7734 0.0009 101.0 0.12

D Mean values obtained from three measurement
? Standard deviation
9 Standard deviation/Mean value x100

ofN

s A B Eelasd A=
lete] AT FE5S kL A
E 3 (certified reference material : ERA(A Waters
Company, P255-500))2 ©]83ld &, vl&, 7l=H,
2%, 7o, 97, U, QEE 2 aRuEe 3
o] NBE AAZe} LA g F Ssisich
T2 Axel glol 3 A3 thH(Table 4).
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< 3 1.0833 mgkg, HlA 0.0136 mgkg, 7H=H
0.0840 mg/kg, == 3.7120 mg/kg, 72| 4.2666 mg/kg,
7k 40.080 mgkeg, YR 14330 mgkg, SHEIE
0.1053 mg/kg, GFrIF 202.64 mgkg, T 0.0062
mg/kgolAt. fFallEs 7hedl |, B, Th=s,
22 A =Rkt Al g
gl=opde] SRl Fa4 587150 AAE
U0 (Table 5), 87|l vlws) ¥e o 7l=F
o] Z1Z($-=H|7]12=8h) 0.3577 mgkg, IR (T=)
0.3804 mg/kg, A& (3FH) 0.3740 mgkgE 2L 71F
o 3 AEHUCH, D 2 9] FEL ]
st 58710 fle e 5187]F0]

Table 5. The heavy metals acceptable concentration in
medical herb

Parameter Acceptable concentration
Pb 5 mg/kg
As 3 mg/kg
Cd 0.3 mg/kg (0.7 mg/kg”, 1.0 mg/kg?)
Hg 0.2 mg/kg

Y Cinnamoni Ramulus, Aucklandiae Radix, Atractylodes
Rhizome White, Adenophorae Radix, Cnidi Fructus, Dipsaci
Radix, Zedoary, Artemisiac Argyi Folium, Fel Ursi,
Achyranthes Root, Cinnamon Bark, Artemisiae Capillaris
Herba, Atractylodes Rhizome, Taraxaci Herba, Cyperus
Rhizome

? Asiasarum Root and Rhizome, Lindera Root, Polyporus
Sclerotium, Alisma Rhizome, Coptis Rhizome

J Environ Health Sci 2017; 43(4): 257-266
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Table 6. The hazardous metals concentration in medical herb(mg/kg)

Element Mean Min. . Max. . SpY No. of Samples
(NV = 164) concentration concentration Detected(%)
Pb 1.0833 ND? 4.9402 0.9904 142(86.6)
As 0.0136 ND 0.9259 0.0922 6(3.7)
cd 0.0840 ND 0.6427 0.1073 110(67.1)
Cr 3.7120 ND 37.229 6.6255 138(84.1)
Cu 4.2666 ND 27.840 3.6161 163(99.4)
Mn 40.080 ND 41524 65.040 163(99.4)
Ni 1.4330 ND 16.160 1.7967 163(99.4)
Sb 0.1053 ND 1.4065 0.2000 54(32.9)
Al 202.64 ND 2064.0 315.85 161(98.2)
Hg 0.0062 ND 0.0469 0.0075 156(95.1)
) Number of samples
? Not detected
9 Standard deviation
AT FEHT 2 Fo 2 ASHUT kAo f T SN i AETe] =A HEJSH 5
=4 HEHS Table 63 7Th AXOZ Felaidith Bk AAH o RZE Fols

2. ALX|E stefxfol S35 & vl Rot =ik it s, Slake St 9

Uit =, S 9 Y ekl T A 2E T eRl= folskAl ¥a, Tt = 9
7re] fallEE LAEE vlawel] flste] | HlA, o e it S AAFoRE fo
FVeE, g, e, U1 YA, AEE, gFrE 4 oY Tt S 9] Y ekl fFelEA
T2 QAFS A ST S gk W A oL WAL I F=AE SR, SUlAE SekRle &
¢S T 1.0257 mgkg, W& BHE, 7k=H 0.0981 = 9 Y FdeRlle felsiinh Ak Bl
mg/kg, & 54528 mg/kg, 7€ 3.8347 mgkg, ¥ I 7 AER = AE E faleEe] Rt
7F 43.681 mg/kg, Y& 1.9561 mg/kg, STE]E 0.1256 teFette o2 Bl fAMe 435 B tK(Table
mg/kg, LFAE 209.64 mgkg, T 0.0030 mg/kg 7).

ot T4t Stk Bt AEHS F 1.1774 mgkg,

H) 2 0.0234 mg/kg, 7F=8 0.0756 mg/kg, 2= 3.6115 3. AT stefxiel 3% #E vl
mg/kg, T2 3.9803 mg/kg, W7F 25.045 mg/kg, U kg HS7F o2 57 ALT Al 1597
7 12164 mgkg, AFEIE 0.0935 mgke, LFVF o2 ghokA] ok RoE ¥, Q(E7)), #
196.72 mg/kg, -2 0.0075 mg/kgo| At 5= 2| & @vl, A2l Al 2gos Rt falad o
o kA HE HEFS F 0.8186 mgkg, Hl& & T HRE 93t o, vk, Jl=g, 25, 7, %
AZ, 7Il=F 0.0910 mg/kg, 2= 0.8459 mg/kg, T 7, YA, e, 4FuE 2 529 QHHS F
7] 6.2093 mg/kg, ¥7+ 92.840 mgkg, U 1.3096 At ¥ Fio) digt H+F HEHS 9

mg/kg, SFEIE 0.1140 mg/kg, LFulF 212.92 mg/kg,
42 0.0068 mg/kgo] ATH.

A vwAdd o, vlae FA e, FF
TE, &, YA, QHEES Uit ek, e, &
‘I‘U]"'T"S_ T 9 T dRRelA H AETol
= A= 9 _1:]0]0101,]. EAASZE FolsHA] &
o}, 2y 2 FRA e, ke S 9

J Environ Health Sci 2017; 43(4): 257-266

1.1265 mg/kg, W& 0.0012 mgkg, 7F=E 0.0999
mg/kg, I& 4.6865 mg/kg, T2 4.2507 mg/ke, ¥
7+ 40.109 mg/kg, YU 1.6970 mg/kg, QFEIE 0.1230
mg/kg, EFPF 238.03 mgkg, 2 0.0063 mg/kg

olth A (F7) ol tE W+ AEHS o
12053 mg/kg, B14 0.0071 mgkg, 7F=% 0.1319 mgkg,
A& 2.0025 mg/kg, T2 2.7428 mg/kg, 7t 68.908

http://www.kseh.org/
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Table 7. The hazardous metals concentration in medical herbs among the country of origin(mg/kg)

Korea China Other imported
Element (NP=45) (NP=9) (NP=24)
Mean concentration (Standard deviation)
[minimum - Maximum]
Pb 1.0257 (0.9482) 1.1774 (1.0166) 0.8186 (0.9444)
[ND?- 3.2332] [ND - 4.9402] [ND - 3.0979]
0.0234 (0.1204)
As ND IND - 0.9259] ND
cd 0.0981 (0.0948) 0.0756 (0.1045) 0.0910 (0.1380)
[ND - 0.3741] [ND - 0.6427] [ND - 0.5923]
Cr 5.4528 (7.5530) 3.6115 (6.7524) 0.8459 (1.0377)
[ND - 35.186] [ND - 37.229] [ND - 3.5562]
Cu 3.8347 (3.1422) 3.9803 (2.9822) 6.2093 (5.7265)
[0.3963 - 13.909] [ND - 19.365] [0.8145 - 27.840]
Mn® 43.681 (68.874) 25.045 (38.616)" 92.840 (104.63)”
[1.8088 - 368.51] [ND - 232.12] [4.1629 - 415.23]
Ni 1.9561 (2.7823) 1.2164 (1.1966) 1.3096 (1.2125)
[0.1379 - 16.160] [ND - 6.7848] [0.0426 - 5.2038]
Sh 0.1256 (0.2086) 0.0935 (0.1631) 0.1140 (0.3000)
[ND - 0.8861] [ND - 0.8574] [ND - 1.4065]
Al 209.64 (435.00) 196.72 (254.94) 212.92 (281.07)
[1.9718 - 2064.0] [ND - 1542.2] [ND - 1044.7]
He® 0.0030 (0.0021)" 0.0075 (0.0082)" 0.0068 (0.0097)”
& [0.0001 - 0.0081] [0.0001 - 0.0417] [ND - 0.0469]

) Number of samples

2 Not detected
3)8)5)

origin(p<0.05)

6)

mg/kg, U2 0.9352 mg/kg, QFEIE 0.0476 mg/kg, &
Fr5 178.09 mg/kg, T2 0.0086 mg/kgo| At 3=
(Qull, A)) FEol the Hat AEFS 9 1.0184mgke,
"4 0.0274 mg/kg, 7F=F 0.0444 mg/kg, T2 3.0540
mg/kg, 72 5.1936 mgkg, W7+ 32219 mg/kg, Y
7 1.2997 mg/kg, SFEIE 0.1031 mgkg, EFvH
139.73 mg/kg, 5= 0.0052 mg/kg®] AT}
oFg o Wwdy AF, VA, g2 ¥

g, T2 dEF7)) FE, HAE 2@, A)
oA B+t AEFe] 4 HE @ Aol
AX o Z= FolakA] Fdtt. 2t &7
g i, 7t=E, 9 YE7)) i,
2@, A) F el et HET
AENoH FAHCE fFositt ™ =g

i
M

32 o
o
19

ar = o A

=)
o &
£ o

fir

A

http://mwww.kseh.org/

p-value shows significant differences of hazardous metal concentration in medical herbs between the country of

p-value shows significant differences of hazardous metal concentration in medical herbs among the three groups(p<0.05)

& AARoRE felatl, Belsh A@7)), Bl
2@, Nye FsA @2, AE7)e Z@,
Aye frolstdnh e AARoRE folEh,
sk (@, Ays frelsha 2, Welsh AE
7N, AE7NHE F(@, Ay frelaislth Bie
AAHozE folsin], ga)o} A(Z7)), Wl 2
(@nll, Ay= olakx] ¢ar, AE&7)eh L@, A)

eleh U@, DE7NS FE@H, A felat
A 933, els 3@, M) felsic oFg
9 MEANE B A sl BRe o
FSITRe THE HAG FARE AFE BT
2o FER 73 H AT PR,

L i O
TR, W Q@R TEE 2@, H) *
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Table 8. The hazardous metals concentration in medical herb among the part(mg/kg)

Root Leaf(Branch) Flower(Fruit, Seed)
Element (NP=88) (NP=20) (NP=51)
Mean concentration (Standard deviation)
[minimum - Maximum]
Pb 1.1265 (1.0277) 1.2053 (0.9484) 1.0184 (0.9738)
[ND?- 4.9402] [ND - 3.0979] [ND - 4.0724]
As 0.0012 (0.0108) 0.0071 (0.0317) 0.0274 (0.1420)
[ND - 0.1016] [ND - 0.1418] [ND - 0.9259]
cd 0.0999 (0.1176) 0.1319 (0.1424)" 0.0444 (0.0482)"
[ND - 0.6427] [ND - 0.5923] [ND - 0.1821]
Cr 4.6865 (7.4656) 2.0025 (3.3628) 3.0540 (6.1033)
[ND - 35.186] [ND - 11.765] [ND - 37.229]
o 4.2507 (2.9165)7 2.7428 (1.9810)™ 5.1936 (4.8508)
[0.5376 - 16.147] [0.3781 - 8.9031] [0.3963 - 27.840]
Mn® 40.109 (70.918) 68.908 (70.039)" 32.219 (51.474)"
[1.8088 - 415.23] [2.3629 - 232.12] [2.3704 - 253.86]
Ni 1.6970 (2.2380) 0.9352 (1.0266) 1.2997 (0.9995)
[0.0656 - 16.160] [0.1379 - 3.7813] [0.0426 - 5.2038]
Sh 0.1230 (0.1957) 0.0476 (0.0880) 0.1013 (0.2386)
[ND - 0.8861] [ND - 0.2575] [ND - 1.4065]
AP 238.03 (351.16)Y 178.09 (260.52) 139.73 (199.06)
[2.4159 - 2064.0] [ND - 1044.7] [ND - 831.38]
He 0.0063 (0.0076) 0.0086 (0.0075) 0.0052 (0.0076)

[0.0001 - 0.0417]

[0.0001 - 0.0303]

[0.0001 - 0.0469]

) Number of samples

2 Not detected

IO 1h_value shows significant differences of hazardous metal concentration in medical herbs between the country of

origin(p<0.05)

 p-value shows significant differences of hazardous metal concentration in medical herbs among the three groups(p<0.05)
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