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In general, plant roots accumulate more heavy metals than the above ground organs such as leaf, stem, and
fruit. This implies that root medicinal plants would be an issue with excessive heavy metal accumulation.
Therefore, the current study was carried out to investigate the distribution of heavy metal (focused on Cd and
Pb) concentrations in soils and medicinal plant roots grown in different region of Korea. Total 293 samples for
each soil and plant were collected along the national wide. Soil pH, total and phytoavailable metal
concentrations (1 M NH4;NO; extracted) in soils were determined and heavy metal concentrations in root of the
medicinal plants were analyzed. Heavy metal concentrations of the soil samples studied were not exceeded
standard limits legislated in ‘Soil Environmental Conservation Act’, except 2 samples for Cu. However,
substantial amount of Cd was accumulated in medicinal plant roots with 29% samples exceeding the standard
limit legislated in ‘Phammaceutical Affairs Act’ while all plant samples were lower than the standard limit
value for Pb. Also the current study demonstrated that cadmium concentrations in the roots were govemed by
the phytoavailable Cd in soils, which decreased as soil pH increased. From this result, application of heavy
metal immobilization technique using a pH change-induced immobilizing agents can be suggested for safer
root medicinal plant production.
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Cadmium and lead concentrations in the roots of medicinal plants and their cultivation soils.

Soils Roots of medicinal plants

Cd Pb Cd Pb

Min 0.000 0.0 Min 0.0 0.2
Median 0.000 7.8 Median 0.2 0.5
Max 0.397 188.5 Max 1.2 3.7
Ave 0.007 10.5 Ave 0.2 0.6
Criteria S 4.000 200.0 Criteria A 03 >0
Criteria B 0.2 2.0

Criteria S: Standard limit registered in Soil Conservation Act 2015, Korea
Criteria A: Standard limit for medicinal plant in Pharmaceutical Affairs Act 2010, Korea
Criteria B: Standard limit for root vegetable (fresh weight) in Food Sanitation Act 2011, Korea
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Introduction

o5 Fle] Ho] GesiA, A7l vk Asl o
[e]

RS Ak, 7154 A% 2L SHE AR o] §EwA
OFgAE Tl ARLE 20004 ©|F T FARSET s
ZAlolc} Kim (2013)°] whem ik} oFgalE Al
A2 2000 9,936 haof|A4] 2010 14,423 ha® " 4.2%
Z7¥sl9la, ATl 20004 2,93291 0] 4] 20104 8,106
of gow wid 12% Z7hskrt. oleh ol crgArEe B
It e ABEN 5710 AEEHE BHoE A
7hEpake|a glon], AESTHE SlaAle Alstake] Fohet
Ggo] AYAHE ofgAEe] ik U ShHAo] ShmE|ofo}

o|2 <lafl X oFg2HE Aol WA tlEo] WAyt
= TR AR oFgAHES QA EAlolt, ofgAE
< AR FEHo| nger AT A ofeAkgo 2 e
UL S84 57t 2 EdlA A=
+ 2 At FHT AZo A=
A B85S o4t 9o EF ¥ st e
2 8 ug dL 2] Teut W= 56,96 ug L2 AEE ARt
BEE|E 3T (KNN, 2013,03.12; KNN, 2013,04.17),
FToasol L or8AEY flsid EAle 2A A
TUARC R SRt Ko S Havt ik A A
S8) 224 kAol Te] Sl AT AL of
] 2 R =] (Lee et al,, 2010; Yim et al., 2009),
o= Y 4 5 oA Apsfiof sk Aot =
b oREAER TESE 7IEA] oY ofgAES e
oA FAFste] -8 Atk WS o8 4= Q. 1
it o]o} T2 AR 2R Hh= ATAA A Fade] 2
HE oF8AE RS F 8 sk Wle WA el 12
oo & Zlojt},

s fEvEs A, S, O 1 a2,
ARy, ATt AlgA] T3 22 78 AES e = Al
EGOoRRE Y Fad Holde 2AF A7t s X3
Tt} (Lee et al., 2012; MFDS, 2006; Park et al., 2009).
71 o8 AlEoJokEZeb %] (MFDS, 2006)= &l 3FAF Q1L
oA AuiE= sARES) FEs L AAE et el
TAHE S ol8TIEE AAs] Sl TI2ARE AL
o HAOoR A= it oA AiELL s wANE
2,5947& AF kel 554 (Cd, Cu, Hg, Pb) & H]A: (As)
£ AL, ol AvE AMEY & sa% T v
wate] 7t A= Fad Hol&E AAIsH

AA vl oF8AE AFES 1,253F o dEA QL
on 11 F FAE °IESt] oF 35F A=t 2 AulE

SEEECE

Ir

ol r

30 9Ie} (KFRI, 2009), 5HAH oF&7b4) -2lukelola] A
Hi oFEAE FRE FE% FAme o /) 2aas
Rxgh Aot o] A% Aol A WAl (Dianthus

chinensis), US| (Taraxacum mongolicum) 52 335t

-

A3 ofg o] FERE Tl $A4E T FaT 4
Q= 58S Xd AoR HET o] (Lai and Chen,
2005; Masarovicova et al,, 2010; Wei et al,, 2008), $-2]
et AR A= oFg-2AbEel gt Sa< HoldH =
AL o] AMof T Ao g wkeErt 53] EY W Faol
A0 A ETE Hiejo v go] 22E 4 7] wZell
ORgAtE FolAE BYlE 2 o8l Aol gt A+t
7h AR o= R E ojof i),
2 A= A o 8AHE A 571 WdeR EY S
Fas T AR S 54 55 AR
A4 SHE 9%t FEAEY SuE Aol
q

Hog st

tlo o
!

e e

Materials and Methods

MErF  HEes ARl 7] = oF82HE Al
S e ® F 142HE 29379 oFgAhE 3 AMIESS
20139 7HHE 109 Afolof] FsIGth. EY Alme oFE
2= Al A1 FE (0-20 co) & AHFBHAAL, 2F B A
F3E Aol A AufE AL Sl oF8AtE HeE 5-107) S
slol Shbe] AlE AlRE ZASHC At R B F
= 3 (Angelica gigas), Y (Codonopsis lanceolata),
W= (Atractylodes macrocephala), A% (Bupleurum falcatum),
2<% (Achyranthes japonica), 2Y2F (Paeonia lactiflora), A
| (Lithospermum erythrorhizon), X% (Rehmannia glutinoss),
g (Cnidium officinale), = (Scutellaria baicalensis), 21
A} (Panax ginseng), U} (Dioscorea japonica), 37| (Astragalus
membranaceus), 273 (Platycodon grandiflorum) .2 F-&
ZhE W A3 A& = Table 13 A}, B Alge &
A % 2 mmAIZ A 740 o]-8stlal, oFgAtE Hel

ARE ARES ol83lo] $EBR A|F F FF5E 29

Table 1. Number of medicinal plant collected.

Species No. Species No.

A. gigas 20 R. glutinosa 32

C. lanceolata 33 C. officinale 15
A. macrocephala 12 A. membranaceus 26
B. falcatum 3 P. ginseng 30
A. japonica 5 D. japonica 31
P. lactiflora 10 S. baicalensis 5
L. erythrorhizon 3 P. grandiflorum 68
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)

3 pH meter (MP220, Mettler Toledo, Switzerland)=
S48t 555 (Cd, Cu, Pb, Zn) TAFE EF AR 1g
of &= 9 mE Wil SHEZES|7] (OD-98—-001, ODLAB,
Korea) = E38|5t & A|21X| T (syringe filter, 0,45 um)
2 oste] 2% EetAnt B4R 7] (ICP-OES, 8300
DV, Perkin Elmer, USA)Z BA3}9TE EoF AE8-TH|
232 3k BOFA|R 10 gof] 1 M NHNO; 25 mLE 91

2A|7F Z2F A8 o B AR HE (syringe filter, 0,45
um) 2 oj7sto] Gl U} F5< HFS ICP-OESE 57435}
ek (DIN, 1995), oF§2HE He]9] Sa< o 4= 9
aff EIAIR 0.5 g} FAF 5 mLE waflEe] Wil S8
B2 Eafste] A|HA] HE (syringe filter, 0.45 um)
2 ofn} 3 Qo U F24 3RS ICP-ORSE HAs1r)
Z}zro] EoF Wl A& Ha) A| HFEA|RE (E9F: Montana Soil
SRM 2711, National Institute of Standards & Technology,
Al&-: 1570a trace elements in Spinach, National Institute
of Standards & Technology)ﬂ]— SARE FAF] Elj5te]
Bolo] o FE4 SEE 293 5 24 A0k BAE -
A& H|aLsto] /\IEJ a7t Ads] ol¥F=A HAgst

ek,

HOIE| A EoF 2534 fe 24 Aok £
Ame] AEo] Sl moked)
oo $a4 TRES b} AESAY
o TAEO] QI 5 7hA] 7% Aok ulmakih g
GlolEl: gk EEUAS ol gajo] He} o= Sz
Uepilon, B4 g AR B4 SAS 9.3 software
(SAS Institute, Cary, NC, U, S A )E o] &3} 3§35}t

Emksjae;

Results and Discussion

ASEE X2 =
OFGAHE Aulf 2| E4FO] et pHE 6.2%
oF W4t pHE} vt 422 ERAT) (Table 2). EYF =
% Cd, Cu, Pb, Zn H+f =2 2127} 0,01, 21, 11, 60 mg
kg 2, 27 A olA L] Cu TS A9jEhH BE oFgAtE
A Eofo] B A7 (MoE, 2015)0f A|AIE 14] <
(Yt 53R L FAXY) 22 71F (Cd: 4, Cu: 150,
Pb: 200, Zn: 300 mg kg ) 2} Wk} (Table 2). £3] &
o % 7} ol ot e ok
gl F4, 34 FE7h ohe B AOR oAttt
SIA|9F Cu, Pb, Zn S-S Yoon et al, (2009)9} H&=7X%
% (RDA, 2012)0l4] AAIRE -ejuhel Abgl 9 =E4Fe] 5
:L./}_. Hﬂﬁ lzilj—l_q_ q__/,\_ _152 x]XJE. ] olgj\r,]_ o]l— Cu—~

24 55 B2 427 2y
St e

H5HIL Qs 7R EEe] 21452 ARg: (Nam et al,, 2010)
o og AR AHA S F ATt AYA F 25 0g)
B2 2o A0 2 B 4 oL, B AT o
I=R=)

ol igt A= RaskA] et
1 M NHLNO; 2 2Z3}o] B3
Cu, Pb, Zn e Table 22} 2o
tju] AESFge] =24 3 v|8 %Cd Cu, Pb
5, 0.2, 0.2, 0,9%% LERTE ¢
uf]-& tro} ke zEE HolE ¢de] oFo] L Ao o
APAT, F55 AT o] Aefad 55 & vl
& 235 = o v SaEel Hlsl Cdol Bleo] =,
o= E3) oF8ZE AUE Cde 47 8ol Ao =2 o
AR, QiAo s BoF 5 AlEFaH (1 M NHNO; %)
R4 TS A W ST FFY £ AUHS Lehy
L AEaE 34 due] G Fb AR E9
pH, 97]% 3FF okole w3l ek So| 9
et al., 2008; Zeng et al., 2011).
aE a4 T Wl 7P Fa3 AR (Kim et al.,
2012; Kumpiene et al,, 2008; Walker et al,, 2004), ESF
pH A5 Al B W g4 218 (deprotonation) ] &J3]] &

=)

2t} (Kumpiene
o] T Y ri= A=

Table 2. Soil pH and heavy metal concentrations in the soils collected for this study.

oH Total Phytoavailable
Cd Cu Pb Zn Cd Cu Pb Zn
mg kg'I
Min 4.5 0.000 1.3 0.0 19.9 0.000 0.000 0.000 0.000
Median 6.3 0.000 16.4 7.8 58.7 0.002 0.008 0.003 0.149
Max 8.0 0.397 177.7 188.5 265.6 0.096 1.440 0.727 6.760
Ave 6.2 0.007 21.3 10.5 59.6 0.005 0.022 0.015 0.472
Standard limit® 4.000 150.0 200.0 300.0

“Standard limit registered in Soil Conservation Act, Korea
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L (e}
F U Fa49] FHE ESol S| AHEE A5
a4 3PS R vso] 7] wjtolth (Bolan et al., 2003;
Naidu et al,, 1994), 2 GJLoA % Q1A ¢Ja)do] =2 Cd
of el F7l (A gigas)@t B7| (4 membranaceus)S Aul
gt EQF pHO} Al ERaH Cd ko] AHAlE el 4
I} ol 32 0] A (p<0.0001)S YERHCE (Fig, 1), ot

ShA Z7}o] ofgabE A EoFo] pHs Al 2Heo]

4 ZAaol |9 FA%F QAR 283 Ao BekElt

A. gigas

3.0 4
2.5 1

2.0

Phytoavailable Cd concentration in soil (ug ke™)

A. membranaceus

y=0.7686 + 18232.6 * exp(-1.5 * x)
10 oo #=082

Phytoavailable Cd concentration in soil (ug kg™

Soil pH

Fig. 1. Conrelations between phytoavailable (1 M NH4;NO:s-
extractable) Cd concentrations in soil and soil pH.

1.4
1.2 4 Cd

1.0 A1 .
0.8 q L]

Zj I ; . ] .
o telbalinn

T T T T T T T T T T T T T T

Cd concentration (mg kg")

B T S O P T POy
of o0 [\ Wt a0 W SR
o g0 00 qet® 9 80 o e e
A G oA Mo N o &V o o
W o § 7 ;
b g

Alskal Sl

7]
J Aore) AAEg 715 03 mg ke, 7]

B2 7% AEX
32 5 mg kg ' o|sto|tt (MFDS, 2010). o] 7|&a} H|wdt

o Pb S H= oF82E AlRoA 7% ol ek
kel

gt qldkel - AF Wl et JAFEE B
E|o] oRAPHET offat AZANY AEe] 7|E W
ot HgE=d], A gei 4t Sa& Ve A
% 71F0% FIEE 0.2 mg kg |, 2 mg kg ol3loltt
(MAFRA, 2011). o] 7|&& & A4+23 (AES 5345 &
D)o vjwslr] fEiA dgat Qakel SR (MY
67.4%; 4t 37.1%)S H83l AEF 71502 FAlsE
W tge] 34 71322 Cd, Pb 242 0.6, 6.1 mg kg 0|
31, QAR 747} 0.5, 5.4 mg kg 0] Hr} A 71E3}
e w oy 3371, <4t 3070 AR & By Ul AlRT
ad 715S 236k Zo® ek

SrA| Argst viel o] oFgxME Aul EokS 271 A
EF] CuE Alstd BE tiif EdFo] EFedSerE
o3}, & TEEOE QLPEA] k& EQfo|X|u, oRgAE
W Cd g2 A oA Cd &5 7S 2askglom,
) A&7 AE9AW cd 3 71=E T =0Th Kim et
al, (199X x= LF=A] k> EfollA] Aulist 2917} oF
= AR FEE TS 2ARIY =Y, oF8dE U
B Cd ol 0.386 mg kg = FAPHOIA AR 7%
20 oF 2vf =2 AvE et o]e} Z-2 A3E & o
FEAE SF4 7ol TSt T A yeEsol 4
E, HoEjojof o Ao R gk} A, B At A=t
=2 XS tiokeg] o gAlEo] & s o Ee
7154 7HA R AMESE] witol] AR (E71, ¢, T
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35 Pb

3.0
254 o

2.0 A & R

L5

SL0 ST

0.0

Pb concentration (mg kg'l)

o e N o Y S as LR 3 e
-c'\‘“\\A \00“\\ 0 0 g g e e o
\ PRUING T R T CE S G T R N T

P"? E A O A L
: v |3

o o
cm‘?\“

% . o
‘\\L‘c\ (o
B.

Fig. 2. Heavy metal concentrations in the roots of the medicinal plants collected.
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o 1Al HE] e 9 Heto] hasie, obk
Zro| QFAH Ol Aok ZET) AlZ oA o] AE 1z o] A&
Agolsto] Tiea} Qlatat o] Aokl ZAjfo] B w3t
£ oRAEL S 7|E 2go] ETE IAE 4= Ak
whehA] 224 ek 7|22 AY|E o Wit 7 Bk )&
< wglsh= o] vigHsicha sk,

AT ok oRgRME QA 913 FE4% (Cd, Pb) £
g getel] el 34 B S ow 7 %

Table 3. The placing of the medicinal plants determined based
on the accumulated contents of Cd and Pb in their roots.

=2 U3 Cde = $E> A >HE > A|E >
1> ZF> > QAN B> 24> W& xlﬂ> #7]>u}

EoI0MAL, Pbo] T WE> Hg>Ale> 95> 44> T
g > 2| 2] > ZFok> T > S > 01*F>§P7]>X]§P>U} 0
2 Rt} (Table 9), 7H=83} Wo) F4= 28 4528
solstr] 918 147) SFERME] Cd, Pb 3] ¥= ST
olgsto] 77} Aol = & (DFE W2 & (1474
2912 wj7) 3 Caz} Pbe) %918 Tlat SR Ak okg
B2 5% (Cd, P) 4 5%t w2 o, X & B2

Zo% BR3 Cd, Pog Bol 345k 7 94, ve,
AT, A7, dgolddar, S 2 W, Aok FH, AA,

Faolden, W & it 271, A%, nkE vk

Nazir et al, (2011)%= 23%2] oF@ZE-L Ao & Phojl of
Sk A W o]5A4> (biological transfer coefficient, BTC;
AR W B4 BT W 04 B AEES
Al (bioconcentation factor, BCF; A5 W S5 S/
EY 5 555 HHE ARG, /2 dAtollA Cd, Pb

Placing Sum of Interati o = o
Plants ach Mo o] efSiol 3 S o] e $40] A 205 ok
Cd Pb placing PN A8 F A W olBARE 1Y W ABE AR
A. japonica 1 4 5 1 HIAIR 3o 11 A= 1 opdeldith o= Eokoi‘r
C. lanceolata 3 6 9 2 B & B2 go] Fko] FA &AL AJHRE Y] o]0l
B. falcatum 4 3 7 3 A= AL ougich
P. grandiflorum 2 5 7 4 oFgAHEY S S 549 AolE s & o, ¢t
C. officinale 7 2 9 5 gk o gaE AR el E s 8 A= AT
A. macrocephala 11 1 12 6 A8 Ago] 2402 T E|ojof 3t} o)} tjEo] 7}
P. lactiflora 6 8 14 7 T 4 Sl WS oR8AHE Al B4 pHE O l% 31
A gigas 59 14 8 olck, 9rA] Bk 2a] AolA] PIoh ] A &
L. erythrorhizon 10 7 17 9 o} A B0 FE] 224 ko] L0 AMAL ],]—E]—l;ﬁ.‘irj]
S. baicalensis 9 10 19 10 AA| EoF pHo| 23] afolE Uehd AESa e od Tk
Poginseng 8 119 i OFgALE Wl W Cd YTHE ATUAL Uehile), oS
A. membranaceus 13 12 25 12 So] gua} A Ao Eok 2 AR FH od o] =
R. glutinosa 12 13 25 13 old42 ZE | d FEFE molx| ko] AMEA (p<
D japoica 14 W % 4 0.00)& Urehdiet (Fig. 3). ol E9F pHE ¥olW =
12
C. lanceolata C. officinale
1.0 4 [ ]
0 . ¥ = 0.0065x +0.1489

y=0.0317x +0.2493
=053
0.6

0.4

Cd concentration in root (mg kg")

0.2 4

#=078

0.0 T T T T T T T T T

Phytoavailable Cd concentration in soil (ug kg'l)

0 20 40 60 80 100 120

Phytoavailable Cd concentration in soil (ug kg™)

Fig. 3. Comrelations between phytoavailable Cd concentrations in soils and Cd concentrations in the roots of the medicinal plants.
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o] 11, QHgstE|o], AER O Fas HolE #
Al 3 L2 Yulgith (Kim et al,, 2012), & ¢Ato]
A ZARGE oFg2AHE AU A EoFo] Bt pHE 6.2 pHE
O Eol= 7S a3 24T 4 S ﬁgi Heolr}
L=, 2o AufEr 4= )
o2 A3 WA biochar 51} Z-2 EYNEFAIE

HiHo| 9lt} (Kim et al,, 2012; Kim et al,, 2015;
Lombi et al,, 2003), Kim et al, (2012)2 24072 09
H Bl 35 1% (w/w) A 2|_t Ayt EFe] pH7} 6.19]]
Al 128 FEsto], BEY U SaEol HESkE AL o=
ol3l| T} (Allium fistulosum) 2] Cd & FFo] FA 2|t tiH]
88% ol H-e-2 Ruslact

Conclusion

A=t oFg2tE AuiRE e R Eokut 2HE-g A3 st
o] % TS BA% At Eoke v B S
4 i ol nlasA tha 2 AHEC| oY, E
FF RN e 7Rt ‘;&% Ao 7 UEsit) 514
Ok oRgRHE B i Cd TR AA i o ettE T A
3= (29%)7F vt kAR V1S 28k, AT
o2 o V|EETH d AAS AEHAAR 712 H Al
27t 23kt olef - Ayt Qulsh= AL s
olgsh= FEAES EY T TuS5 Tt Rotke ¥
W 54 57t w2 4 vk doloh, #e 7l SHA

L opbaTt ARSI TAIE] gl AR T 7%
S]] e et Bag A of
o b ) Fa4 gl e Ae w9
MegA) A2 5 Bal Al =pe] pHE A et e 4

2O Slo] BOF F FH4S AT 7]40) Feol
"ag Aoz BekE

O
Hﬂ
(<l
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it}
e
o
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