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ABSTRACT

This study was conducted to identify transition characteristics of arsenic (As), cadmium (Cd), and lead (Pb)
and to calculate bio-concentration factors (BCF) in the three perennial root medicinal plants, namely
Codonopsis lanceolata (Deoduck), Platycodon grandiflorum (Balloon flower) and Panax ginseng (Korean
ginseng) grown in major medicinal plant producing districts in Korea. Average BCF values ranged from
0.009~0.029 in As, 0.334~1.453 in Cd, and 0.021~0.023 in Pb in three perennial root medicinal plants. The
BCF values increased in the order of ginseng (0.029) > deodeok (0.012) > balloon flower (0.009) for As,
balloon flower (1.453) > deodeok (0.685) > ginseng (0.334) for Cd, and ginseng (0.023) > deodeok (0.022) >
balloon flower (0.021) for Pb. The BCF values calculated in this study will be useful for predicting the uptake
of heavy metal (loid)s. Further study on uptake and accumulation mechanism of toxic metal (loid)s by
agricultural products is required to assess the human health risk associated with soil contamination.
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Bioconcentration-Factor (BCF) of As, Cd, and Pb by total form in soil to three perennial root
vegetables.

. As Cd Pb
Cultivated crops T
BCFq. BCFy. BCFi.
Balloon flower 0.009 1.453 0.021
(0.000 - 0.035)" (0.000 - 5.738) (0.004 - 0.066)
Deodeok 0.012 0.685 0.022
(0.001 - 0.042) (0.149 - 2.235) (0.004 - 0.115)
. 0.029 0.334 0.023
Ginseng

(0.000 - 0.215)

(0.018 - 1.374)

(0.009 - 0.049)

TBCFm: Bioconcentration factor based on total content in soil.

*Mean (Min-Max).
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Introduction

UM SEE2 oA QHEEERA T T

E ool S =11 220§ o[ P Th o] % 7HARjof Hol]o] Qi A 22 0] Fa& Mo A= EY
of| EA5k= Ta<el 2= Aol SrE o] 7HRSIE o], w5Ee H s Uil A 3ol AEsH] SrA
= E5575 (bioconcentration factor, BCF) 2= F &2} (Cao et al., 2010; Lee et al., 2012). EF W] F=
&0 FAFER HolE= A== F5, 24 F-9lo wet ti2ek T8 1 B pH, BEA f71E 9, fAREA
o] Aot Z> B ol webM: getrl=t, 115 B Fa el Mg 2 S v (Lee et al,
2009). 12y mUjofliti= 20 Sas & olsfell et A7t min|skr] wiizel, 1A fIsld B2t Al @1=9] 7]
ol mh2 a1 ik, SHAIRE, ef=0] Eqf o] ERE 24u S4o] thanl, AFfshe sitael FRet ol =
B2 U AR Bl S5 8 9 A= Sa5 ool st A7 2 a3t AAolrt (Kim et al., 2012). TR}
TR RY =55, GAfiRoll tigh Mo Al Ak tieh te G RE] Sl o vt TRl theh St FE531t 7ol
t}. e F7E shfjslo] HMolAls=o] Eelo] " Q3lt} (Lee et al., 2009). AEA] o] 452 EFo 2 HE
S H A7 HF2Zo|R g EF U S5 T e st 2 Sa5 ol A E welsthaat sigith B
gL e S5 BTFE FET 4 et el EHS

22t HEFE W 585 35T 5 Ut (Jung et al., 2005).
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27 (Black foot disease) ‘5 Q1A|ofl X|H Q1 3RS v]ZIT} (Baker and Brooks, 1989). Z1-<t =i o] o825
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Materials and Methods
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ICP-OES (GBC Intergra-XMP, Braeside, Austalia) = 245311, EF Fa4 A B4 AFAAEH (MOE,
2010)°]l w2t EFYZFFR|E o]-8oto] A2 F ICP-OESE ©]-8oto] E45t5t A2 Hkg- 879 E
3 g2 AaFoto] == (G4 21 mL, A4F7 mL / 3:1 Hl8)eF 42 5 R 2P| (Kjeldatherm) (C. Gerhardt
GmbH & Co., Northants, UK)E ©]-85}0] Eallo}3ct. BEEAIZES 30°Cof|A] 2A|17F - A, A A8 &5 =] 90°C

oA 2417 71E e & WA Z T EollE Al EE ofstal 0.5 M A4ke = 10 J-8slo] 7|71 Al g2 ARS

Stick. tha Al AR Az JeR9lE 7 == AlAste] 60°CollA X3t & 2= ghao] B4R A
4319t thadA ZAE Z H| 4, 7IER, Y B ﬂ,% ol AZSE A= 2F0.25~0.5 g2 Microwave-£-teflon vessel ]|
Fotal 62% A4t 7~8 mL, IHitelEAr 2~3 H-2-& W4T Microwave digestion system (ETHOS, Milestone, Italy).2
& 200°C o4 2027t =55t o, 75 &, SRS ARSIl S8 EeATE o884 20 mL7ER] -85kl of
}(0.45 pm)Ste] ICP-MS (Agilent Technologies, 7500a) = F45t T}, Sa< B4 27 et -84 AS5S 9
ol St YRS IS HEEE (BT O 3l9-82 81.4~100.3%F F UL " FA A=) 10, 50 pg
kg'S H7bole] 3488 SRleh 21} 81~86%2] &4-8-& At

S W
é
o

TS AESZA|9 (Bioconcentration factor, Eq. 1)= EYF 5 @ GE-of tieh 54HE-0] S0} o] 542 1125}

ZFEA|Y Z245 SHEES EQF & 22451k o 2 11 710 2 4], EQko 2 HE ZME 2 o) F ol F240] AMhA
1 FHIE ORI (Kim et al, 2012). S BE5S5AG7 w275 EY %4 Tusol A=EE4A ol sdith=
A ottt 2 Aelxs EY 5 S5 thdll ZAIR0 S84 9oz ol dsssArE4t=E
SHAT

Total HE content inplant (mg/kg)
Total HEcontentinsoil (mg/kg)

Bioconcentration factor (BCF) = (Eq. 1)

2 AN ZARE QI TEtA], HE F HIA, 7HEg, E o] A flslde metstr] flste] ols &4 ¢
APt - =5F (Average daily dose, ADD)= AFE51 (Eq. 2), 'HA-$ISl: (Cancer risk probability, CR)Q} LI
Sl (Hazard Quotient, HQ)S 7}t (Egs. 3 and 4) (Kim et al., 2009; Kim et al., 2015; Lee et al., 2011;
Mondal and Polya, 2008).

ADD =C x IR x ED x EF / (BW x AT x 365) (Eq. 2)
C = Concentration of As, Cd, Pb in crop (3+& 5 As, Cd, Pb &%, mg kg™)

IR = Intake rate of crop (Z+= A3, kg day™)

ED = Exposure duration (:c=7]7l, year)

EF = Exposure frequency (‘cZ51 T, day year")

BW = Body weight (B4, kg)

AT = Averaging time (%811, year)

CR = ADD x SF (Eq. 3)
SF = Slope factor (A2, mg kg day™)
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HQ = ADD / RfD (Eq. 4)
RfD = Reference dose (5%, mg kg day™)

Results and Discussion

2 ZAL A gt o, ek, vy o] A B F B4, 7HEs, Eol w4 S5 I= Table

7P = QA mEkx] AMHESRS Bt 4.113713.73 mg kg ' 02 20131 ZA}
Q13,8 mg kg ' ¥ -FAISH ATHE B YTH(NIAS, 2013). T3F HE] 5 571 2hE-2 Afuleh BHE oF H| 4 0] W3k
3.38,5.93, 6.22, 3.84, 4.66 mg kg 0.2 ZAFH Aot SARSIITH (Kim et al., 2012). SO ZALGE EOF=
A W B At AufolA AFTHEES T B4 B}l 6.55 mg kg FARE RS Beich
(MOE, 2012). 7}=89] 7-9- W, vlY, Z=efA] A ES 5 Boted=o] 24240.19, 0.31, 0.15 mg kg ' 2= 2013
Sauet Quks A7) ESF §12F0.35 mg k! ok O S RS HATH(NIAS, 2013). 2@, 2]yt ket
2] AR E gl A AR 7FEEC] B9 5 5521 0.13 mg kg™ (tr-0.36 mg kg™) 1 ATel= -FAKSISAT (Bae et al.,
2014). 'HO] & Wt 3F0] 20.47~22.78 mg kg O BA FIEFIb EE] wE A Bl o R XA
SR F o Bt el 31.87 mg kg H ok W 3RS HYTHMOE, 2012; NIAS, 2013). 22|zt ek Aju)
EJofA ARG EF F 551 11.81 mgkg' (tr-45.6 mg kg™") Q1 AT}H Tt =7 A= Q]TH (Bae et al., 2014).

Th A FAllF-o] 282t Al R] Eoke] ohirilo] Sle HEAd Sa52] Bueld Hele Blao] 739 &4 (tr)-1.58
mgkg”, 7F=E2] 749 tr-0.14 mg kg, ‘2] 74-9-0.11~4.90 mg kg' © &2 Hgo] H|a] 6~26% TF2] =S HA
T} 022009 ZAFH U EQF v A, 7HER, Fo| &4 ekl 24240.67, 0.08, 1.89 mg kg ' 7h-FA
SF VLS HGIth (NIAS, 2009). & A0 EF &4 97 dohs I8 HF EYSR AT 87| (MOE,

Table 1. Total and HCl-extractable contents of As, Cd, and Pb in soil grown three perennial root vegetables.

As Cd Pb
Cultivated soil (mg kg™
Total HCl-extractable Total HCl-extractable Total HCl-extractable

Balloon flower 3.73 . 0.77 0.15 0.04 20.47 1.62

(1.18-7.39)T  (0.00 - 1.37) (0.03-0.38)  (0.00-0.09)  (12.65-29.12)  (0.11 - 4.90)
Deodeok 7.25 0.64 0.31 0.05 22.78 1.42

(1.53-19.48)  (0.00 - 1.41) (0.02 - 0.86) (0.00 - 0.14) (1430-36.02) (0.30-2.37)
Ginseng 4.11 0.80 0.19 0.03 22.74 1.69

(0.42-10.35)  (0.03 - 1.58) (0.00-0.44)  (0.01-0.05)  (10.95-30.79) (0.46-4.17)
2013 data’ 3.8 0.35 16.9
2009 data 0.67 0.08 1.89
Concern level® 25 4 200

"Mean (Min-Max).

T Average content of heavy metal (loid)s in non-contaminated upland soil in Korea. 2013 and 2009 data were collected by
National Institute of Agricultural Sciences (NIAS, 2009; NIAS, 2013).

*Concern levels for soil contamination described in Soil Environmental Conservation Act (MOE, 2011).
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2010)°ll A1 EF a5 ogo] A g 710 = /=317 ] whizel Aol mhe it Al EG U F
=59 3 Aot 23 Hlwstr o= A dstA] otk
v, 7V, O] 2 Table 20 AAISIAT 22 v]4 © AAF-S B, QIR 5
mg kg 02 7} =947 vd 0.053, =214] 0.034 mg kg 2 22 ZARE QI o= $EluEt &
A S BUE R ARl afr], Qi 2 o E o] 3k 0.025, 0.024, 0.022 mg kg 02 H TH
o] tha =] ZAFE QT (Kim et al., 2015). 12}, @4 ZUjoll= vl thgh 71320 2 AJokr]
3.0 mgkg' 02 A r]o] glo] At okgAME F HHAIE E210.207 mg kg ol 1]X]A] ¢h= QPR S
S1RIGIATH(KFDA, 2010). AP oF82HE 5 7HEa Wt ard2 TlE oA 0.168 mg kg ' O & 7F =941 T et
0.144, 21410.062 mg kg' =02 217} ZALE| Gt} o] = -2yt 75 2F82tE 5 71w o BU el A3t
o, Tz 9 i) BHekE0.26, 0.13, 0.06 mg kg © = B 1% Kim et al. (2015)2] Ao} 42|61} E35 7}
TEO & 9= gd, kakx], elito] ZF2} tr-0.401, 0.018~0.425, 0.006~0.192 mg kg ™' © 2 A=At o]
Atz A 7H=go] tigh Ajefr|&o] AE50 2 0.3 mgkg' 02 A5 o] Qlo] tjE W kx| o] UKL A]
A5 et Il PP H st A o & AleEL, tE B wefx]E AR AR FtER Vo] A Fo=
o]
A

0.2 mgkg'o] AAE]e] §lo] BE B 2] o] 42214 81.5%9F 75.7%<) & Ae{sHH o5 =

o

rH e
0 ol
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22 25 AEEoJop & Aot f-2|uta} Al E2tA] F 7H=E<] ftet #9191 0.35 mg kg (0.20~0.88 mgkg™)
1 71E0] Aot -FAFSISIT (Bae et al., 2014). AR oF82kE 5 6 Bt ol e 50 & QoA 0.567 mg
kg O 7P =T B 0.482, TEtA] 0.434 mg kg 02 ZF7F AN QI o] SE|uet -5 FAE S
eF muU e Aol oy, ek 9 Qliko] Wit glaF0.44, 0.30,0.20 mg kg ! 0 2 K 1H Avlel o e o] ¢ -GA
stolont makr] 9 Qlate] §hake =7 ZAFE|QITH (Kim et al., 2015). &L} o] S k8 o

o, Tekx] Z12F0.111~1.304, tr-2.227, 0.085~1.515 mg kg' © & ZAE]o] 71&0] GAIGH S B At (Kim et
al., 2015). ESH- Q2L Al akz] 5 gro] gt 91910.67 mg kg (0.30~1.10 mg kg DW) 31 A¥el: G4}
S}AT} (Bae et al., 2014).

oFQZFE o] 1t Sl 1 o] o]}

Table 2. Mean and range of As, Cd, and Pb concentrations in three perennial root vegetables grown at the chief
producing districts in Korea.

As Cd Pb
Cultivated crops .
mg kg” DW

Balloon flower 0.034 +0.053 . 0.144 £ 0.091 0.434 +0.309

(0.000 - 0.207) (0.018 - 0.425) (0.085 — 1.515)
Deodeok 0.053 = 0.050 0.168 = 0.090 0.482+0.410

(0.000 - 0.205) (0.000 - 0.401) (0.000 - 2.227)
Ginseng 0.062 +0.029 0.062 +0.052 0.567 +£0.317

(0.000 - 0.117) (0.006 - 0.192) (0.111 - 1.304)
Criteria’ - 0.2 2.0
Criteria® 3.0 0.3 5.0

"Mean + SD (Min-Max).
TRoot vegetable criteria (FW basis) of heavy metal (loid)s enforced by Food Sanitation Law (KFDA, 2011).
‘Herb medicinal plant regulation (DW basis) of heavy metal (loid)s enforced by Pharmaceutical Affairs Act (KFDA, 2010).
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SAbE AR EokellA] thd Al Al R= o Hl4y, 71, §O] =55 A1 Table 301 AIASIGIT H|A-0] 3
T AEEEAT B EY AT ol 83 e s5A1ollA Bt 0.006~0.029°1 it} 7H=50] Bt e
| " EF detdoll tisiA] Bt 0.334~1.45301 it} Bo] Bt A=55A1 H o= A=l disiA B+
0.021~0.023°]3{tt. o5 oF8A=0] Falldad ESF & Aol tiet A= s5A1-0 A1 KA 7155 > 9>
H|4 20 8 GRS 5SATE 7H=8 > ofd > 8] > F> H|A > A5 0 & Kt 7|E0] el fAlst
T (Wang et al., 2012).

2,

Table 3. Bioconcentration-Factor (BCF) of As, Cd, and Pb by total form in soil to three perennial root vegetables.

. As Cd Pb
Cultivated crops T

BCF. BCFo. BCFo.

Balloon flower 0.009 1.453 0.021
(0.000 - 0.035) " (0.000 - 5.738) (0.004 - 0.066)

Deodeok 0.012 0.685 0.022
(0.001 - 0.042) (0.149 - 2.235) (0.004 - 0.115)

Ginsen 0.029 0.334 0.023
& (0.000 - 0.215) (0.018 - 1.374) (0.009 - 0.049)

TBCFM: Bioconcentration-Factor based on total content in soil.
TMean (Min-Max).

H &, 7HEg, Ho] EoF Hsleol digt EgolA] SAER 0| 534 A s5AT2] A8 B thaat 2t H]
4:0] 739 914+ (0.029) > HH (0.012) > T=2H4] (0.009) 2] =0 2 74451t EF 2FEe] Bl wof|A ZALAME 5 7}
FEAE B (0.051) I HE2 AlE HAl 57 (0.006), Bl (0.006), 2 (0.006) 5] Aot 5317t 2jol&
slelgk 4= QIglch (Kim et al., 2012). 7F=5-2] 74-9oll= T2H4] (1.453) > TIE] (0.685) > 141 (0.334) 2] =0 &2 744
oF AL, 'Fe] H-foll= Q14 (0.023) > B (0.022) > Z2FA] (0.021)9] £=0 2 7rA6I3]Tt. o] Ail=4 5 971 2=
o] Bt A EE=AG2 71E52] 0.002~0.068, H2] 0.003~0.018-2 H 173t Axfof| H]s)] 27| ==t o]= &9
A1 54 2 5], Aul7 3t B olsteld B4 W EGF Ul Sa50] oF g 9 EAE] 5 iRt 88l o5
2RO 7R RQR Holul= A7t AA = Avketal FAETH(Kim et al., 2012; Lee et al., 2009).

2 ZALlA gt efR], By, QU] HI A, |, ZFEES] HUEE g Axfo] tigh v (HQ) 2 e (CR)
Qo A3H= Table 491 AT}, Bl fI6lk A2 Ak At 2HE9] TaA], od, Q4tollA] B 1 o]stz

Table 4. Mean and maximum value of HQ and CR for As, Cd, and Pb concentrations in three perennial root vegetables
grown at the chief producing districts in Korea.

. Hazard quotients (HQ) )
Cultivated crops Cancer risk (CR)
As Cd Pb Total

1.93 x 107 245 x 10" 1.85 x 107 4 8.68 x 107

Balloon flower (117 % 107" (7.3 x 10%) (2.58 x 107 6.22 x 10 (528 x 107

4.01 x 10™ 3.81 x 10 2.73 x 10 3 1.80 x 107

Deodeok (1.55 % 107 (9.10 x 10 (5.05 x 107 10610 (6.98 x 107

. 1.19 x 107 339 x 10 8.65x 10" 3 5.34 x 107

Ginseng (2.00 x 10 (1.12 x 107 (7.62 x 107 23910 (9.02 x 107)

TMaximum value of HQ.
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o5 ZE-S S5 HIHQIS] 7FsA-E w9 Uttt T=5t ghate] Avt: watx], o, ik 212t ot 6.22 x 107,
1.06 x 107,2.39 x 10° 2 1 0|5t} Wel Qlofi T35t Telr], tlg, QlAF k2 B3 8.68 x 1078, 1.80 x 107, 5.34 x

1078 518 <291 10° ~ 107 Hrh -2 -8 Hol QP o & Sholw|qirh

Conclusion

= A7 thaA 2RI B4, 7HE, ol EG-AEA| R ] S0l SA9E mefstal ofof wht ot 5
A

Az Athe it AR He S Es| floto] 3= et FAEAE TAH 0= ekA] 2824, B Y 32414

PR B ] 79 e A Ho|3 gk 55, UE 9 ek F U A7} k=R thet A ES

= 15he 2AGA THE R0l 2HE §UEI9S i o] 245l 2ok s
AR i %3450 ABE o] e HXE Eoko] 54 Belsislyvt walel 477} Salslolofstn o} B4
2gh B peltle Sasti Aaslol @ 208 AR Eh

1°
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