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ABSTRACT
Received: February 9, 2017 There is an increasing concern over heavy metal(loid) contamination of soil in agricultural areas including paddy
Revised: May 2, 2017 soils. This study was conducted to determine the bioconcentration factor (BCF) for heavy metal(loid)s to brown

rice grown in paddy soils vulnerable to heavy metal(loid)s contamination, for the quantitative health risk
assessment to the residents living nearby the metal contaminated regions. The samples were collected from 98
sites nationwide in the year 2015. The mean and range BCF values of As, Cd, Cu, Ni, Pb, and Zn in brown rice
were 0.027 (0.001 ~ 0.224), 0.143 (0.001 ~ 2.434), 0.165 (0.039 ~ 0.819), 0.028 (0.005 ~ 0.187), 0.006 (0.001 ~
0.048), and 0.355 (0.113 ~ 1.263), respectively, with Zn showing the highest. Even though the relationship
between heavy metal(loid) contents in the vulnerable soils and metal contents in brown rice collected at the same
fields was not significantly correlated, the relationship between log contents of heavy metal(loid)s in the
vulnerable soils and BCF of brown rice wes significantly correlated with As, Cd, Cu, and Zn in rice. In
conclusion, soil environmental risk assessment for crop uptake should consider the bioconcentration factor
calculated using both the initial and vulnerable heavy metal(loid) contents in the required soil and the crop
cultivated in the same fields.
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Introduction

Eokﬂoé‘%m T s ase EGU A=Y olsAo] A1 A7t A= o] 220 BeAlo] B s2tE-S Fol]
ol ohE ot Sa5el ot e e A2 EFRIoY BrtRdEA 11 ZEE wefsto] AEt 22155 43
5]—%111] =A| 4 0 2 nl=k 2P B $ 7 (US-EPA) 2] Soil Screening Guidance, F=12F5% (Environment Agency, UK)
9] Soil Guideline value (The Contaminated Land Exposure Assessment model), HETHE HAPHATLA
(National Institute of Public Health and the Environment)2] Evaluation and revision of the CSOIL parameter set ‘5
o] IthEnvironment Agency, 2002; Otte et al., 2001; US-EPA, 1996; KOSSGE, 2009). = Ujol| 4| &= 23 52] EQF
2P EZR (MOE, 2006)0l4= L A=E ] 7 W @A, T8 e, i) EX|o- A2} 71 gl Bagt At
= 2 Este] o F2] 9] EFe dE4o] O]Xﬂgr ol mizl= Slole] A E HrIR & 11 A9E ESAIRte] §IY,
A7 E S ol vt 3 Il B = 2%1%7“—-_‘-—4 QAN Y bEE A, E2WY, 5A4E Sl
T A% 0% $E= o] T EH 7oA LAd=EEe ofet A = EHE = FAE A, 28 A5, EA
7, EY o 7HE, 28 RS 9 vlihaz] %‘?j 5 6719 A=E Foto] o] FoiXrt.

ol FrtRdEoA AgE= EHIIoA FhkEel ot S50 QAFE SESE AEsSA45 (BCF,
Bioconcentration factor)= AFJ5=H] Brooks (1983)+= A1EA| 2] F7]d40f tigh §4=¢} o5& dlefsto] =
k4 34414 (BAC, Biological Absorption Coefficient)E A|Qtsto] d2] o]-8&|11 Qltt, o]+&= T2 SRl A&
FATEE ARREL U A sEATE AU Ta5 dE S EFHO S5 AF R Ue gtz EQFO
ERE AEE olEohs TS0 A - HE _JHME} (Klm et al., 2012; Liu et al., 2009; Satpathy et al.,
2014). EFed s d87E A3 elM o) AEsS5AT= Sa57e mE4=ollA saEAdFol argf =] 4AFgH
o o], A= W L H=d s =7 et ‘—’:36}0401: ° Eq A50] ojgf e A= EFAE IS sSATE
T Esto] Akt 4= ol Astal Sk o= Sa L AR H ] AT F4lo] SR oA it sAtE-S A4
& 745 Aol v A= ISR EE A 0 & Brlsl] 1Rt A ®mAFd o] Basithes 2 oJu|gitt. A7 =]

o 8= BN Bl vl= SE A (US-EPA) 5 =] Bes5A15 A1=E 8oL Jlal, =i 4
F e Aotk Ejl B Aol g8 7 A3 olM = wAEA Tl ofeh flsle ALl A 55, LR, A
A A= 2 YL FE 5= o] A (dnl)ol o
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2 Ao Ut SE5L FIeFsBAEN 71E0] AEuolA AR 5784 EY, w8 R dn|

T as 59l HH\—@‘%} 173t 0= 2222 A& tVdo & 2| | 327 ~ 52134-& AAsto] 5 9821 =B

of| A ZHHHE-— = 2F5HAL, FiteE (An))2 B AFIet At 2ol 7] ofl AFfstiet. EGAI=S] A5,
gol igh 42 2 o] EF e A5 AI (MOE, 2010)°] wh2t 249513t

ZFQ@"Q AR5 B 5, Efo] Q. BofA 60°C of|4] SEF AX F HAnl7] (SYTHSS, Ssangyong Instrument,

12 38t A A7 E ARSSHo] Ale 71HR = Woba] A-2of Hyksieit x4
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A= 0.25 g2 1Y ZHEREE R o2 (PTFE) vessel 2 %71 &, 8 mL 70% HNO; (Sigma, USA), 1 mL H,0,
(Sigma, USA)E ZHZt S+t BE vessel screw cap 2.2 Wgoto] AAE T2 T30 OJ5]] microwave
digestion system (ETHOS, Milestone, Italy)E ©]-85}4 180°Col|A] 20827t At Bl & 4~35tLt. 4F 2ol 3,
vessel- 8715 Aol A Fo] YK § B2 EollH2 0.45 pum o] o2 2 oAt ohE 25 S/ 2 25 mL
7NA] 73-85to] 24 A== ARESIGIT

S5 A5 B 8l 42t S35 E5Y (Merck, Germany) 1,000 mg L™ stock solutionS 7451, 2%
HNO; 8210 2 51435} 0.1 ~ 50 pg L 5= 9= ZAI5191, EXS ICP-OES (GBC Integra-XMP, Braeside,
Australia) 2, 5422 ICP-MS (Agilent technologies, 7500a)= 4ot 24 HI-S Q6 Al=E E46k=
&2t certified reference material (CRM)2! EQF (BAM—Ul 12a)@} standard reference material (SRM)Q1 & 71
(NIST 1568a)5 ©|-8st] AME HSSIYA, 80 ~ 120% Ate]e] Aytg RISkt Eeh, A=A
(Bioconcentration factor, Eq. 1= 224Ul 355 (HM) &S EY 5 3285 THOR e o7 EQFogH
B A2 & ol 5ot Ta=o ARl & HIE et BEsS5A7 a8 EY 59 Sa50l =R
ol'50] k= A onRit). & AFoM e EY T 5asdd 0 & Sa5 TS o8t A sS5ATE
AFESIIEL

|

Total HM contentinplant (mg/kg)
Total HM content insoil (mg/kg)

Bioconcentration factor(BCF)= (Eq. 1)

BRI} 5AME U] 524 Sherho] AfatA] 498 SPSSIE T3 ver 18.0 (SPSS Inc., Somers, NY, USA)E o8&

Results and Discussion

~

U HA QR FoF =EYS T AR 98419 HlA, 71, 72, YA, o, ofdlo] Buele 9 W= 2
33.58 (0.95 ~274.76) mg kg, 1.05 (0.017 ~ 8.12) mg kg™, 24.40 (4.55 ~ 90.46) mg kg™, 20.60 (4.72 ~ 59.89) m
kg, 28.39 (5.14 ~239.0) mg kg, 70.18 (25.83 ~ 147.69) mg kg ©] 1T} (Table 1). ©]= EU2HH H A Ho 4 Zéa}
+ EGR @27z Blste] vlA0] Bueldo] 1.38], Ztielgo] 11H2A4 =& o2 SRISI, 47 A=
+ EGR @AY |ES 2slSinh 7HE5 0] A IR Al5r EY d987 S kgl o il E& 23t
e 21382 R1=A] oI, T19], He], YA, o, ofd o] Pt EF R A 710 1/4 ~ 1/7550 2 TARE
ARom FditFE 7S 26k e A o= SRIEGITE ER2015H HalH fejuet H| @ =EFe] 3
o S H W Sto] Bl A= 8Hl, 7HEE- 4H] =2 #ﬂ%OUrE’rQJiPJ 73 2ul oJsfe] @ FEE Hoj g =
AbE 298 dubd 0 2 H| A} 7 Fo| 28 738kS H lt} (Kunhikrishnan et al., 2015). Ee. 3 715& A 4| of
Stk IAE }Eﬁﬂx} T3 vt B Al s U E R At H wotof ke 2 FALA = H
A6l TFEE2 44l =2 X2 PA o] Al -fASH ME]' (Yoon et al., 2009).
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Table 1. Heavy metal (loid) concentrations in the paddy fields vulnerable to arsenic contamination in Korea (n = 98).

Heavy metal (loid) content (mg kg™)
Parameters -

As Cd Cu Ni Pb 7n

Average 33.58 1.05 24.4 20.6 28.4 70.2

Min. 0.95 0.02 4.6 47 5.1 25.8
Max. 274.76 8.12 90.5 59.9 239.0 147.7

Median 15.28 0.50 23.4 20.4 17.9 68.9
95%P 131.16 4.06 454 38.6 116.9 109.7
Non-contaminated soil"” 4.41 0.25 132 13.6 213 54.1
Concern level” 25 4 150 100 200 300
Countermeasure level” 75 12 450 300 600 900

U: Total concentration of heavy metal(loid) in non-contaminated paddy soils in Korea (Kunhikrishnan et al., 2015)
2 : Korean regulation of soil contamination was changed from weak acid extractable content to total content basis in 2010 (MOE,
2010).

U S a5 FloF =E GOl AR dn| F B A, 7HEg, T, U, W, ofd o] Haeld 2 Hel= 7t
710.237 (0.076 ~ 0.604) mg kg™, 0.040 (0.002 ~ 0.597) mg kg™', 3.26 (0.65 ~ 7.24) mg kg'', 0.526 (0.109 ~ 3.104)
mg kg™, 0.111 (0.013 ~0.76) mg kg™, 21.76 (10.57 ~ 34.89) mg kg 0| T} (Table 2). ©] A¥H=2009 H ¥ &F
2ol A AAIR] o =E ol A AibE #n 5 Fa< Sl Hlol HlAet FEa-2 =7 e o U 2] 9] 749 WA
ZAPE| QAL e S-S FAFSHSITE (Park et al., 2008; Park et al., 2009). 81, 2015d H A1 <5 1.2 F B 4t
2] Gt =EglA Al dv] & Fas BUEE Z2ufe} vlaste] H)4, 7hEg 9 UARRES 7H7 162.3%,
166.7%, 152.4%2 =7 Uetou 2, | 9 ofd =2 27t 76.3%, 98.2%, 96.1%= -FAFSIATH
(Kunhikrishnan et al., 2015). o[2{et 35 T8 = ol P-euet S55.09 FHef 573710l sz o
S 7IEH E H|Zo]1l, o= EYO) 7IEF E H|A @ Qo2 HE] 7|19k SlRIe 4= Qlrt. whHof g Hof=

A

ool © glo] 413 F-9olw Lhe o]a o 2 §n] 5 Sjo] 7l Lhehx] elokeh hE, Selutetel B 5 S04

Table 2. Heavy metal (loid) concentrations in brown rice collected at the same paddy fields vulnerable to arsenic
contamination in Korea (n = 98).

Heavy metal (loid) content (mg kg™)

Parameters

As Cd Cu Ni Pb 7n
Average 0.237 0.0402 3.26 0.526 0.111 21.8
Min. 0.0763 0.0024 0.648 0.109 0.0128 10.6
Max. 0.604 0.597 7.24 3.10 0.760 349
Median 0.237 0.0177 3.14 0.337 0.0545 222
95% P 0.410 0.124 531 1.89 0.407 29.0
Non-contaminated soil"” 0.146 0.024 427 0.345 0.113 22.64
Maximum permitted 0.2 02 02

level®(mg/kg FW) (inorganic As)
Y: Concentration of heavy metal(loid) in brown rice collected at the non-contaminated paddy soils in Korea (Kunhikrishnan et

al.,, 2015)
?: Maximum permitted level of heavy metal(loid) in polished rice in Korea (KFDA, 2016). Arsenic is on an inorganic As basis.
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7|2 Wl 710 & sfo 7t Eg, g W FrH|AT AR o] a1 dn] F a7 of A AR ok
AR 24 An] F FE50) oA g B7H S glov Anlel Winlo] 7R A4S (As : 0.64, Cd : 0.82, Pb :
0.59)5 12& ¢ R A=A 715 20 Al57t gh& 21 0 & 7 E]o] o] F ¥l S o] 89t oA AT
o]Folx & H @ Ao] At} (Park et al., 2009).

Fig. 1- 2 EY 5 555 Aol dn) 5 354 30 PAIE RATTh 1402 542 3 3as T2 e
FH EFo =R fefsto] 5aE-E& Foto] Aold o =N EY %ﬁiA FThestE S EESYd e AL
Sh= A0 2 FE=| £ Aifolas tiFR Sagollie feldl dagde] EklskA] £yt oleigh Ak E
TS TS A HEC] EFAE, EYRIH, 71952 9 2=0] 5337 B4 5 TRt aQlef ofsf o] s ot
27 Yehd7] el A0 & FA=CE Lin et al. (2015)2 4 5 B4 ok} ¥5 9 5P =g oF 2= H] 4-qkt}o]

o X (e}
TANA F2 TS HY = 2 J—}Q’rv/\}o}‘ﬁ‘:’r JF e Bie] 2 5iA) = v A4Sk EQF & v Akt 7}
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Fig. 1. Correlation coefficients between heavy metal(loid) content in the paddy fields vulnerable to arsenic
contamination and heavy metal content in brown rice collected at the same fields.
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=1
=9 Aol ZARE Ut FaEed FoF =ES sUEGOlA it dnl F Sa59] s 4

of Ut H|AQ A FHOF =EgellA A4k v 5 HlA, 714, 2, U, |, ofd o] BEsS5AE APt
Ax} 7} ZF40] Bk W= ZH2F0.027 (0.001 ~ 0.224), 0.143 (0.001 ~ 2.434), 0.165 (0.039 ~ 0.819), 0.028
(0.005 ~ 0.187), 0.006 (0.001 ~ 0.048), 0.355 (0.113 ~ 1.263)2 Hch o] 5 ZH= U4 F0] shto]7| & gtot
At RO AGT 2 S BN, TIERE 2 S B Bhol |, YA 9 vlaE o] 5ol Atha e
2232 7102 SRIEQITH (Table 3). B3l EY 5 Saso| AthA o2 W2 A 4] =K el dojxl 2015
A A E5E5AGet vl eiA . 494 0 2 Uk Al4=5 H 9Jt} (Kunhikrishnan et al., 2015). 201218 H A1 & - H]
4, 71 s B HO sS4 2H210.051, 0.019 2 0.0052} H] Rt A H]4-0] 9= WA et o v 7t Ew
2 =2 7S Bt (Kim, etal., 2012). o] Y52 EY MR Sa< gt iin] 5 S5 e=te] foft 14t
3HAE A2 Eoht ESF 5 7HERm) el BE A ofsE 7hsdo] 31, HlAeh 2 Ao A= o]dx] ] of
S5 B1Igh7|E0 Avjel USRS HoZTh (Park et al., 2009). T3 2 ZAol| A AP E @n| & v A, 71ER,
Ol B2 ALY 7F210.027, 0.143, 0.028 2 0355241 7]120] EQFQ ¢ Qs H 7oA E-8521 1
Al 7 FEFEAG21 0.026, 0.36, 0.01 L 0.12A] 7I=FT} oFAL 27| H| 40t YA U
FAPE]o] 7 Aol FARE B aa HATH (US-EPA, 1996). v ZALE A @n]

PP o) oA B e B7 AR o] wtE AFE I et E vt I Aol uitE R
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Table 3. Bioconcentration factor (BCF) of heavy metal(loid) in brown rice collected at the same paddy fields vulnerable
to arsenic contamination in Korea (n = 98)

Bioconcentration factor

Parameters

As Cd Cu Ni Pb Zn
Average 0.0267 0.143 0.165 0.0285 0.0058 0.355
Min. 0.0008 0.0008 0.0392 0.0052 0.0002 0.113
Max. 0.224 2.43 0.819 0.187 0.0477 1.26
Median 0.0165 0.0348 0.142 0.0185 0.0025 0.322
95% P 0.0880 0.566 0.309 0.0766 0.0212 0.682
Non-contaminated soil” 0.101 0.121 0.399 0.033 0.005 0.473

D: BCF of heavy metal(loid) in brown rice collected at the non-contaminated paddy soils in Korea (Kunhikrishnan et al., 2015)

Fig. 2= EY T a5 A 28¢ @v|29] S55 A=55Ar0te B Holeth ES 5 535
£:9] g 7tol| w} An| 2.9 A=A A4-rd o 2 TAeke Uehl=d| vy, 71Eg, 2] 2 ol
A =2 AAE, YA oA e S HojErt o] FEE AR SEALT ES QY AT} sobdS
£ A4 acls AaEA BEY F Sa ol e AEsSAGE Zol7t g Ejlel Eot o Fe
20154 7FEgT o] F et ohE S EollA AulE Ao E 5547 o5 w7t =2 EFellA] A de
AE2AGE o Yok Aol A5 (Lim, et al., 2015). ©]2]5 k= s34 Qs Bt A 242 A5
w2 Q1A EF AFo]| 14 E BCFE o] 861= 9720] CLEA R @ H T} B7 1R ol A AAtel 2Feo] a4 et g
APEl = BEEEAG 42 o835t Aol A= IS A 02 Hrtok= nl=9] SSG E U[EHES)
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Fig. 2. Correlation coefficients between log contents of heavy metal(loid) in the paddy fields vulnerable to arsenic
contamination and bioconcentration factors of brown rice collected at the same fields.

Conclusion

1= AallgRs AFd o= Brisl] 9ttt EGRH Slohd%87t
F 5E S TR Z@n) ol thitt FE42] ES-AE e eS8 AFgste] Alktetarzt staint. s-2ut
|49 ¢ FoF =EF 98213 9] E 9 FUAHollA] it Ak n])= 2F ko] sfehEAls AAsHal 74
ANEA FEEFATE ARSI Syt Bl o FoF =EdellA At An) F H|4y, 71ER, T, YA,
u, ot o] S 50] Wl H Q= 7121 0.027 (0.001 ~ 0.224), 0.143 (0.001 ~ 2.434), 0.165 (0.039 ~ 0.819),
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0.028 (0.005 ~ 0.187), 0.006 (0.001 ~ 0.048), 0.355 (0.113 ~ 1.263)S KL}, o], Z2&:0] Bl Z A2} Eof
o 1357} FoHAE A Aariths 205 B o2 A EG T a5 el tet S 55A415-9] Zol7t 3l
© o slolslelr). whEha] © ECk| tist AL e WA ] Eoke & AL 2 ujelst 5 olxo] n)xl
AW =s g2 or Hrlshe Zo] Bfgsiet. 124, ol 2E8= 2%‘113}7] A= HILFELIA &2
BCFE AR 91oll 7ol s =7t o] = A1) 7teofof g Aotk

]
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