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ABSTRACT

Generally, the contribution of crop-intake pathway (CIP) is remarkable in human health assessment (HHA) of heavy metal
contamination. Although the crop exposure concentrations (Cp) should directly be used for calculating the average daily
dose (ADD) of CIP, the soil exposure concentration (Cs) multiplied by soil-crop bio-concentration factor (BCF) has
frequently been used instead of using Cp values. Thus, the BCF values are significant in the HHA, and care should be
taken to ensure the reasonable acquisition of BCF values. Meanwhile, the BCF values are known to be significantly
affected by analytical methods. Nevertheless, they have been calculated from the concentrations of soil and crop analyzed
by only one method: total digestion (aqua regia extraction). For this reason, this study was initiated to seek appropriate soil
analysis methods for effective computation of the ADD of CIP. The concentrations of 5 metal contaminants (As, Cd, Cu,
Pb, and Zn) in 127 soil samples obtained from 4 abandoned metal mine areas were analyzed by several methods including
total digestion and partial digestions using 0.1/1 N HCI, 1 M NH4;NO;, 0.1 M NaNO;, and 0.01 M CaCl,. The heavy metal
concentrations in 127 crop samples (rice grains) were analyzed by total digestion as well. Using the concentrations of soils
and crops, the BCF values of each contaminant were calculated according to the kind of soil extraction methods applied.
Finally, the errors between Cp and C; x BCF were computed to evaluate the relevance of each method. The results
indicate that the partial extraction using 0.1 N and 1 N HCI was superior or equivalent to total digestion. In addition, the
0.1 M NaNO; method combined with total digestion is recommended for improving the reliability of BCF values.

Key words : Heavy metal contamination, Human health risk assessment, Crop intake pathway, Bio-concentration factor
(BCF), Soil analytical method
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1057] B2kl Fagell gk Bt 40| 7IEAE
g R 07 e, oF 497 A9 shE, A
3k, Al 59 A o] BarE vl Qltk(Hwang et
al., 2014). WEbA] HZ S0] B4 T S0l gk @
FEHY e 9 5] ool & FFE HeEa
AoH, o5 AdYsh= Aol o LHEZH0] Al
ol =ZHo] nXe otgis Fusial FHHoRE I
7¥et7] f1gk e =M fladH el e S a% wEgt
F43] =okAar AtkLee et al., 2007; Choi et al., 2012).
olm] ml=-g RS =, UGHE 59| o] UlelA
= FEEE7 tigt T89S IlEaL o& Ssl A&
A ATE FEt vle SRS EAIEAR
(SSG, Soil Screening Guidance)(US EPA, 2002), %=
9] 29¥ A =497} Zd(CLEA, Contaminated Land
Exposure Assessment)(EA, 2002), WE@&#=2] CSOIL
(RIVM, 2001), 7128]3 @Iv}=9] CETOX(Kulhanek et
al., 2005) 59 EXSelY 7t 2dS e 9 &8s
3 Ath(Lee et al, 2010). o] FA|H] FAo]] WEEH
FUAME 2006 EGAEA gt AxS AR
slod JARNEIEI NS Tkl =8l SITHME, 2006).
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2 felde]l, =297t 4%, flslieaigel 4
2 o]FoA|aL Sl=d, o] T PR flEi=AY Gl
A BPl=E Agshet $a3%F dYH T == (Average
daily dose, ADD)S 4Fgdhk= @A =27t DAl=
EF, Ak, AT, 4=, 24987] Y 79 29E
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B4R, REYRAHS, RESFEIY, AskedF, AR
TFIRAE, FAEAA, A7 E@ ) ss AAst
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B7Fe sk AL HEA] dthe AHE0] Bel Al

%o} SITH(Chen et al., 1996).
uepa] 2 AFelMe Il Hesat 4kt
BOSARREAY, tHEAE, ARl gk Q1A<sH3

HrlelA =2 71998 Hole FAEHFAEZ gk
ADD AFgo|| o|&5e EY-F2E 1F MEFZAISG(bio-
concentration factor, BCF)?} B &5 5 (C)E A3}
=4l o]8E = e FHY ERAHY sk I
Pttt A AFgIRe] Al EYe] EAlcke Be
FEE F TS 29A F SR TEEC] &
Ehs Ao] ohu®g, AGeRA N (I R
ofe} o8 7FA] &EH(IN HCL, 0.1N HCI, 1
NH;NO;, 0.1 M NaNO;, 0.01 M CaCl,)S ©]-&3}]
A FEE A= vlasl B, Z47e] 8§ s2E
o] XY FEE o|g3le] BCFE 4HY & nlwslsitt.
iAo 2 QA EIE A FHAEAFHEEY
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HCl 8=, 1831 F9)olA] A8l 3l oy dds
S T EYH 4E AlolY] SES HRE flE WA
oZ A F 5YY 5F TZEIR] 1M NHNO;
£ FZH(DIN, 1995), 2929 FF ZTZEFQ
0.1 M NaNOs&H5=5 (Bo, 1986) 18]l U|Eeh=ol|A
HAS= 0.01M CaCly&HFZ% (Houba et al., 1990,
Houba et al., 1996) & % S7FA] {#AWH-E o] 8313t

Z}zre] ko 2 RE AHE EYRS 105°CoNA 1A
Z1 3 100 mesh(0.15 mm)2] EFAE A AE3}] 4|3k
EREE Z7te] BaRel met A3S alsiaion,
Aojzl Alselo- fAdZ e} =rEd 7] (ICP-OES, Optima
4300DV/5300DV, Perkin Elmer, USA)$} Fr=dgtZel=
vl g2 3 A (ICP-MS, ELAN DRCII, Perkin Elmer,
USA)YE o|&3le] F3<4(As, Cd, Cu, Pb, Zn)gHas =

gsiirt.

<

S

W SRS SRTE F7skl, 7,000 rpmellA €94
7145 9S 5B GHE osle] BAAE

222. 0.IN = 1N HCl £&84

0.IN == IN HCHEHS o83t #A8IN g &
HE ESAFE 1go 01N IN HCl 928 7}z
10mLA #7FsFd 100 rpm, 30°CE] wHHZ19A 0.1
HCl €92 1hr, 1N HCH-L 30 min 5 WHHA)A
E=319em, 7,000 rppmollA] Y4EE] F 1 AeHS
5B ZEZ oFste] AZsiqiek. 0.1 N HCH- 42 Cd, Cu,
Pb, Zn TS 1N HCI 84S As3HEES BA6150)

223, USSR

HIEZNS 0] 83 B FHlE BEYAE 200 T
ks fZNH1M NHNO;, 0.IM NaNO;, 0.01M
CaCl)S 717} 10 mLA 3718tdom, AR2(20 + 5°C) 3}
oA 1M NH;NO; 84S 60rpm, 0.1 M NaNO; &Y
< 120rpm, 0.01M CaCl, €42 30rpmolA] Z}2}
2hr 5% WRAA 8E319901, 7,000 rppmollA] HAlE
g & 1 5NS 5B THE ATsle] o5 #49 o]
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ARl AN Bake] FREAIE W FES(As, Cd,
Cu, Pb, Zn) 415 S5l AHE sH=@REE 70°C
oA 24 hr AZRAIZ] & o] A} 7RARR] AUS
ettt 2eE BYge SHRTE 7] Aol Tyl
ERAPES o] 83 A sl R AlRE FH
Aot FHl"E AR 02g0] HaREN s5mL, FARE
15mLE F7Iskd 3FFAE AXAIZ] & hot platedi|A]
100°CE 712313, F71% BalS el 3 S0l 3
2Bl HRRIET. Fkslael] s fU1E w3l
7t A9l fgEH Hdo] BE FkE wi7pA] Al 71hs)
Act. Ho] BF FEH SHTE 10mL H7F & 5B
LEE o83l sl AL EE Axste] F=d
= o} =rpd R 3A (ICP-MS, ELAN DRCII, Perkin
Elmer, USA)S o]-&3}e] #-233519]t}.
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2.4. QXIS flst EQEAMUH H|D L T}
AN EE R FRZ A Hol] S@E-de] &
ANSh=A], AP ojd @ EHo] AupikE EA)3}
A Lol faiAdEe] O, EXE RS od9E
Aol i3t o] =2HE} oY 2RSS T8l dY
ZH(ADD)YS AHgse =297 A, ARE o

)

o
:
H

A @ dEol g ofe] B4R (AT, HIEel
F)E T B W, v wEll T
3 QUBTeEY} SR T 2 29BAe)
SRS olgsle] 7} wEAE wek B uidet Sl
£ 7ok gElEad WY el SaE.

[e}
3 YU F=ELH(ADD)S 2Hgshs Who=
oFetar QUTHME, 2006). A, H45 A2
of tigt A=gke] EAIE A 4 (1) 2ol FHE =
FEE(C)E o83t Foke WY 2= A8l
3t AZgho] EAlSIA] &S S 2 ()9 2ol EFAA

9 24 B B wEERC)E olgsl 7o

A A HH=ZHADD) = (C, x CR, x ABSg; x EF x ED)/

(BW x AT) (1)
YU H = ZHH(ADD) = (C, x BCF x CR,, x ABSg; x EF x
ED)/(BW x AT) Q)

A7), Ce FHE LEF5E(mgke), CE= EY =35
T (mgkg), BCFe EY-52E 7t AESS5A5, CR©
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SAE AF % (kg/day), ABSqr= AW 71, EFE
ZH X (days/year), EDE =Z7]7}(years), BWE Xﬂ?
(kg), AT= H17]|7k(days)°]T}.

2 F ol&sh= Aol AHEE BCFe EY W
EAlke TEEC] SRR olFdl FHse A=
UERE =302k24 2 3y o] EF Wl St

= TEHEE(Coonll i S2E Holl A= 55
FE(Cpan)®] ISR UrF/P’”‘jr 2 AFeMe & 1274
(@AY 2177, B34 AR, gt 66414, 4
AHAIYFAE 35717 )9 %&E(@H EY 29245 Cppan
o} CoiZH 2ol 3 BCFE A V‘FG}OE‘OU%, Slald
HplAe o5 Hugks olgst Alkks st

Oc}:_lg_z}—% Zl' }\g'g%%ﬁ]_)[:(BCF) = Cplam/ Csoil (3)

@AA] BCF 3k T2 EYC] WFFEAES B3l st
Bk, £ dFelxe bt 8E3S 483l o 4t
Aato] Hokth T A E ) 2 FEES VA=
SHEAFAER gk ADDE 488k a3 T55
gl gk Sl $4E =EEE(C )% EY =55
S(Cy)2F BCF ol 93l AlLFE 34(C, x BCFyS ©]8-3f

o 2] 49} Zo] Fu el Aktele] vlughoZxa A8

Q A B F a9l e s Edt

N
)

A O3} = _{_(E_X_B_CC_Q_EQ )
p
2 @PIM FRE =R BEY =EEEC)E

B 1277) AAe] EAET} Eoke] BAzke ) B
ko AEA JFAFHENRZNA] AT Y= o}
4 (5% e BATE WHE olgsle] 9] 05% A3
e 2k FEE) Bl wEFEE o] MMl
oh 3 A (4pllX ARE BCF= A 30l 73 4k
So) FAge olgaiTt.

= 2F9) 95% Ak =x + tos, o —— Q)

7N, xe BAEEe] B, ot BAEEY
2}, tosw.ar = 95% t-5AIFk, N& BAITHo=
AEANFNTE YERd
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Zan 9 pE
3.1 EY ¥ B5E U 334 s
E-s2E 1 AEESAFBCRHE A Slel =
el 911 a1 Higss F4 Bl tigk vkt 5=
& RS Feste] g BAPHEE Table 1~5°ﬂ
AHEslgon, F2E ] #9275 Table 60 YERY
Act.

3.1 EY U a5 3 B4 A9

Table 191 HQl v} o] AEFEAPHS 0|85 E
Y F55 55 BHE AuER, iRy B

7% Zn>Pb = Cu>As>CdY] A5 HYouh =%
Ake]l A9 Zn>Pb = As>Cu>Cde] A= Ase] §=F
o] B e HlwdE wf thh E=A Ytk d
gite] EG U 55 SEREE HWY, Zn
39.70~334.94 mg/kg, Pb 11.06~107.29 mg/kg, Cu 4.08~
111.17 mg/kg, As 0.83~57.98 mg/kg, Cd 0.05~1.66 mg/

kgol FS B oS B v=7IE vl 2

_lm
o o2

¢

7, A3 AH-AA AseF Zne] 57t $H71ES 298t
Fom, ol ALdt YA FEES SH7IES 2%

A& ZALEA] 29t

0.IN = IN HCES 0|83t A7E AuRd, Pb=
Cu>Zn>As>Cde] TAE HYoH, F=HL= Pb
3.58~50.87 mgkg, Cu 1.54~48.52mgkg, Zn 1.88~103.29
mg/kg, As 0.45~24.58 mg/kg, Cd 0.05~0.80 mg/kgs
YeRJSITE o] BAHE dife] el tisked 23

Table 1. Heavy metal concentrations in soil analyzed by aqua regia extraction

As Cd Cu Pb Zn
Mine
(mg/kg)
Yanggok 0.83~57.98 (14.76) 0.11~1.66 (0.47)  4.08~9.79 (6.33) 11.06~53.65 (19.70) 80.17~132.69 (97.32)

Bong (Bongsan) 1.15~2.68 (1.80)
1.95~9.65 (4.22)
Samsan jaeil 2.47~13.35 (8.69)
Total 0.83~57.98 (7.31)  0.05~1.66 (0.37)

0.27~0.99 (0.61)

Daejung 0.05~0.92 (0.20)

14.29~31.59 (22.03)
13.73~33.36 (21.65)
0.34~0.91 (0.56) 34.84~111.17 (70.68)
4.08~111.17 (33.79)

11.58~22.83 (15.14)
13.06~55.47 (18.95)

46.54~107.29 (75.68)
11.06~107.29 (35.42)

77.29~106.98 (88.89)
39.70~334.94 (60.05)
91.99~177.07 (130.80)
39.70~334.94(88.46)

Values in parenthesis: average concentration (mg/kg)
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Table 2. Heavy metal concentrations in soil analyzed by 0.1 N or 1 N HCI extraction

As Cd Cu Pb Zn
Mine
(mg/kg)
Yanggok 0.67~24.58 (6.28) 0.08~0.40 (0.16) 1.54~5.01 (2.57) 4.19~24.29 (7.52) 3.94~16.11 (7.45)

Bong (Bongsan)

0.85~1.44 (1.27)

0.23~0.79 (0.52)

Daejung 0.45~2.62 (141) 0.05~0.80 (0.15)
Samsan jaeil 0.87~4.07 (2.62) 0.13~0.77 (0.36)
Total 0.45-24.58 (2.65)  0.05~0.80 (0.15)

5.88~13.31 (8.83)
2.67~13.26 (8.18)

10.20~48.52 (27.56)
1.54~48.52 (13.11)

4.91~9.06 (6.85)
3.58~26.53 (8.83)

15.91~50.87 (31.47)
3.58~50.87 (15.21)

8.59~15.86 (12.36)

1.88~103.29 (6.40)

5.46~33.67 (13.73)

1.88~103.29 (9.61)

Values in parenthesis: average concentration (mg/kg)

Table 3. Heavy metal concentrations in soil analyzed by 1 M NH4;NO; extraction

As Cd Cu Pb Zn
Mine
(mg/kg)
Yanggok 0.02~0.25 (0.06) 0.02~0.15 (0.05) 0.01~0.11 (0.04) 0.00~1.13 (0.09) 0.12~2.79 (1.00)

Bong (Bongsan)

0.03~0.06 (0.04)

0.03~021 (0.12)

Daejung 0.02~0.09 (0.05) 0.01~0.33 (0.06)
Samsan jaeil 0.03~0.15 (0.07) 0.01~0.14 (0.05)
Total 0.02~0.25 (0.06) 0.01~0.33 (0.06)

0.09~0.19 (0.14)
0.01~0.23 (0.10)
0.05~0.92 (0.26)
0.01~0.92 (0.14)

0.01~0.14 (0.06)
0.00~0.64 (0.09)
0.00~1.14 (0.20)
0.00~1.14 (0.13)

0.96~3.07 (2.26)
0.04~8.12 (1.43)
0.02~4.04 (0.98)
0.02~8.12 (1.33)

Values in parenthesis: average concentration (mg/kg)

Table 4. Heavy metal concentrations in soil analyzed by 0.1 M NaNQO; extraction

As Cd Cu Pb Zn
Mine
(mg/kg)
Yanggok 0.01~0.14 (0.02) 0.01~0.04 (0.01) 0.01~0.15 (0.04) 0.01~0.05 (0.02) 0.05~0.78 (0.22)

Bong (Bongsan)

0.01~0.02 (0.02)

0.01~0.05 (0.03)

Daejung 0.00~0.04 (0.02) 0.00~0.08 (0.02)
Samsan jaeil 0.00~0.10 (0.02) 0.01~0.04 (0.01)
Total 0.00~0.14 (0.02) 0.00~0.08 (0.02)

0.07~0.17 (0.11)
0.02~0.14 (0.06)
0.07~0.51 (0.22)
0.01~0.51 (0.11)

0.03~0.03 (0.03)
0.00~0.01 (0.00)
0.01~0.09 (0.04)
0.00~0.09 (0.02)

0.15~0.75 (0.49)
0.02~1.19 (0.28)
0.02~0.90 (0.17)
0.02~1.19 (0.26)

Values in parenthesis: average concentration (mg/kg)

m AT

J

5]
ro

O 1=

o

Aol Aol vlste] tha
7nd] A$oE 7.7~13.9% AEo] wuj
S B TH(Table 2).

O I~==
17%? R

o] F& H3lom,

) O A=
T%’C‘T‘E

AR

RN JO= |

0.0l M CaCl,= 0.1 M NaNO; 9] &35S 2= A

O

o] Aol miz njsh go), BEF ) FFE I
>0.IN == 1IN HCI>1M NH,NO;>

1M NHNOsE ©|83+ -5, Zn>Cu=Pb>As= Cd
9] £AZE Zn 0.02~8.12mgkg, Cu 0.01~0.92 mg/kg,
Pb 0.00~1.14mgkg, As 0.02~0.25mgkg, Cd 0.01~0.33
mgkgd] FS B OH(Table 3), 0.1 M NaNO;2| 7%
o= Zn>Cu=z=Pb=z= As= Cd¥ <A=Z Zn 0.02~1.19
mg/kg, Cu 0.01~0.51 mg/kg, Pb 0.00~0.09 mg/kg, As
0.00~0.14 mg/kg, Cd 0.00~0.08 mg/kg® EPHTH Table
4). 0.01M CaClL2] 7% Zn>Cu=zPb>As>CdY
XZ Zn 0.01~2.13 mgkg, Cu 0.00~0.49 mg/kg, Pb 0.00~
0.05 mg/kg, As 0.01~0.23 mg/kg, Cd 0.00~0.21 mg/kg

o] HM9E HYTKTable 5).
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oz yehgth 714 99 FEsh o EL 01M
NaNO;= 8Z3%F 559 ¥57 g9 57F o e
0.01 M CaCLET} O Ho] §&=ojof & A o 1
22 22 olfi= 271 o]0 Ca*'olo] 17} o<l
Na'B2th © g4 FE5557 Sol2ndto] dojur,
NOs oKt} Clolo] Ta&ake] Aol o 47 o
Fo|tH(Pueyo et al., 2004).

3.2 F24E U TS % B4 A
AT BEe FHE@) HE 5 TEE
Table 60l YERAT}. F5=F ¥4 A}, Zn>Cu= Pb=
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Table 5. Heavy metal concentrations in soil analyzed by 0.01 M CacCl, extraction

F AT 61

As Cd Cu Pb Zn
Mine
(mg/kg)
Yanggok 0.02~0.23 (0.05) 0.01~0.07 (0.02) 0.00~0.07 (0.03) 0.00~0.03 (0.01) 0.03~0.77 (0.21)

Bong (Bongsan)

0.03~0.04 (0.03)

0.03~0.11 (0.07)

Daejung 0.01~0.11 (0.06) 0.00~0.21 (0.04)
Samsan jaeil 0.03~0.15 (0.05) 0.01~0.11 (0.04)
Total 0.01~0.23 (0.05) 0.00~0.21 (0.04)

0.04~0.10 (0.07)
0.00~0.20 (0.05)
0.04~0.49 (0.17)
0.00~0.49 (0.09)

0.00~0.02 (0.01)
0.00~0.00 (0.00)
0.00~0.05 (0.01)
0.00~0.05 (0.01)

0.23~1.05 (0.67)
0.02~2.13 (0.42)
0.01~1.09 (0.20)
0.01~2.13 (0.35)

Values in parenthesis: average concentration (mg/kg)

Table 6. Heavy metal concentrations in rice grains analyzed by aqua regia extraction

As Cd

Cu Pb Zn

Mine

(mg/kg)

Yanggok (N=21)
Bong (Bongsan) (N=5)
Daejung (N=66)

0.13~0.36 (0.20)
0.10~0.18 (0.13)
0.07~0.21 (0.12)

0.01~0.07 (0.03)
0.03~0.12 (0.06)
0.01~0.10 (0.03)
Samsanjaeil (N=35) 0.08~0.24 (0.14)  0.01~0.09 (0.03)
Total (N=127) 0.07~036 (0.14)  0.01~0.10 (0.03)

1.15~3.18 (2.22)
2.10~3.22 (2.54)
1.29~2.68 (1.87)
1.86~3.74 (2.83)
1.15~3.74 (2.21)

0.21~037 (0.25)
0.20~0.25 (0.22)
0.09~0.15 (0.12)
0.12~0.29 (0.18)
0.09~0.37 (0.16)

8.07~12.47 (10.38)
11.62~13.85 (12.82)
8.69~16.26 (10.51)
10.58~16.77 (13.42)
8.07~16.77 (11.42)

Values in parenthesis: average concentration (mg/kg)

Table 7. Determination coefficient (R?) between soil and plant concentrations for each analytical method

As Cd Cu Pb Zn
Aqua regia 0.1646 0.0376 0.3696 0.0678 0.2256
0.1N or 1N HCI 0.2247 0.0396 0.3585 0.0382 0.0517
1 M NHyNO; 0.0216 0.1077 0.2007 0.0099 0.0055
0.1 M NaNO; 0.1002 0.0877 0.3391 0.2425 0.0081
0.01 M CaCl, 0.0089 0.0877 0.2653 0.1025 0.0212

As>CdY] o2 FEH9= 47 Zn 8.07~16.77 mgy
kg, Cu 1.15-3.74mg/kg, Pb 0.09-0.37 mgkg, As 0.07~
0.36 mg/kg, Cd 0.01~0.10 mg/kee] HHS YeR)IT)
AR B4 Avpl= 94 01N 5 1N HCES: o]&
g 8HS AQgh AFEAH 2 o2 §HY
AR SE1o] AE JepQITE o, EY] 75 tiAlA
©% Zn>CuzPb>As>Cdo| AHE Cugt PbS AL
g Y S Holu FHEE) FEAE Pbe Cu
o] FEHT ¥l Aso] FE9} B HYE TR = A
S B 5 3 ol g SFEEC Bis) Pho] B
Ao F e mou FRE@ I ko] Yol E
FollA F2=EHES F7F Al ol FoRE & F A
31, o] Lee et al.(2000)%} Kwon et al.(2013)%] A+
W fAHl vebES & 5 ok =gk B w4
TE Apolo] S ERIs] f18k Fig 15 TA
1L, 7 % Alele] AAAG (RS Table 700 A

it

O

()= A=7 , gat wlmskict.

32. EY BAMH W2 EY-5EE 72t MESSAT
(BCF) APd Z1}

£ AFellA F A BAHEE o83t 27k A
H B} e Fus I BAEHE 4 3y
Usle] BCFES A3l Hgton, Alsd Zyls oy
o ZAKE BCFgtt Hlarste] HSkTh(Table ).

WA, Bl HFHEATHES o8t BCF= As 0.00~
0.16, Cd 0.02~0.61, Cu 0.02~0.48, Pb 0.00~0.03, Zn
0.03~0.332% US EPA(1996)°114 AAI3F As 0.03, Cd
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Fig. 1. Correlation between soil and plant concentrations for each analytical method. (a) As, (b) Cd, (c) Cu, (d) Pb, and (e) Zn.

Table 8. Bio-concentration factors (BCFs) calculated by equation (3) for various extraction methods and their comparison with those of

other studies
As Cd Cu Pb Zn Ref
Aqua regia 0.00~0.16 (0.03) 0.02~0.61 (0.13) 0.02~0.48 (0.12) 0.00~0.03 (0.01) 0.03~0.33 (0.15)
0.1N or 1N HCI 0.01~0.26 (0.08) 0.02~0.87 (0.20) 0.04~1.55 (0.30) 0.00~0.07 (0.02) 0.10~5.74 (1.91) .
1M NH;NO; 0.81~7.50 (3.03) 0.12~1.95 (0.63) 2.35~357.19 (32.28) 0.00~113.15 (5.53) 1.20~888.31 (44.62) This
0.1 M NaNO; 1.50~42.85 (11.03) 0.63~12.02 (2.38)  4.21~300.79 (36.87) 0.00~178.56 (11.23) 8.21~678.95 (101.92)
0.01 M CaCl, 0.94~10.88 (3.25) 0.24~1641 (1.16)  4.40~2582.97 (111.69) 0.00~203.83 (12.03) 4.58~1384.01 (117.00)
0.03 0.00~0.35 - - 0.02~0.37 1)
. 0.026 0.36 - - 0.1 2)
Aqua regia
0.01~0.21 (0.05) 0.00~0.11 (0.02) - 0.00~0.02 (0.01) - 3)
0.00 0.15 0.22 0.00 0.07 4)
0.1N or 1N HCI 0.07~3.16 (0.31) 0.01~1.59 (0.31) - 0.00~2.77 (0.20) - 3)
0.01 M CaCl, 13.563 1.875 214.609 16.500 12.962 4)

Values in parenthesis: average BCF; 1) US EPA, 1996; 2) ME, 2006; 3) Kim et al., 2012; 4) Kwon et al., 2015
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SAE =EEE(C)0F A7 EFEAR ogt Akt
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£ Table 99} Fig. 20 YERHRITE Asel CdY] B9+
232y AR (66.7%) = 0.1 N == 1 N HCI(63.0%)
>0.1M NaNOs(56.8%)>1M NH,NO;(23.4%) = 0.01 M
CaCly(22.2%)% AFHFEAH(65.5%)>0.1N E= 1IN
HCI(57.6%) > 0.01 M CaCl,(47.4%)>0.1 M NaNO5(37.6%)
> 1M NHNO;(25.2%)2] A= HAT} Cue] H-oll=
0.01 M CaCly(346.5%) > 1M NH,NOs(111.5%) > A3}
ZEEA1H(90.1%) = 0.1 M NaNO5(85.4%) = 0.IN EE
IN HCI(84.5%), Pb2] 7% 1M NH,NO; (370.5%) >
AR (125.1%) = 0.1 N = 1N HCI(91.9%) >

L
N
-

Table 9. Relative errors of each contaminant calculated by equation (4)

Aqua regia 0.1N or I N HCI 1M NH4NO; 0.1 M NaNOs; 0.01 M CaCl,
Heavy metals
(%)

As 66.7 63.0 234 56.8 22.2

Cd 65.5 57.6 252 37.6 474

Cu 90.1 84.5 111.5 854 346.5

Pb 125.1 91.9 370.5 27.6 55.8

Zn 19.6 68.9 4474 148.0 283.3
Average 73.4+38.6 732+ 14.5 195.6 £99.8 71.1+199.8 151.0+£199.8
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