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ABSTRACT

Potential risk of heavy metals to various receptors including humans depends on the bioavailability of the heavy metals in
soil. In this study, the heavy metal extraction methods using 0.IN HCI and aqua regia were compared with the Tessier’s
sequential extraction method to assess whether these two methods can be used to determine the plant-available heavy
metal concentrations. The contamination characteristics of copper (Cu), cadmium (Cd), lead (Pb), and arsenic (As) found
in soils collected from 75 sites around the closed Janghang smelter were analyzed by extracting heavy metals using 0.1 N
HCI, aqua regia, and the Tessier’s sequential extraction method. The portion of metals bioavailable to plants is considered
as the sum of the fraction 1 (exchangeable) and the fraction 2 (carbonates binding) of the Tessier’s 5-step sequential
extraction method, which were determined to be 3.1 +3.82, 0.6 = 0.15, 20.6 = 18.78, and 7.0 £+ 6.48 mg/kg for Cu, Cd, Pb,
and As, respectively, in this study. When the extraction using aqua regia and the Tessier’s extraction method were
compared, the extracted Cu and Pb concentrations did not show significant differences, whereas the extracted Cd and As
concentrations showed significant differences. These results indicate that the portion of Cd and As in the fraction 5 of the
Tessier’s sequential extraction can not be extracted using aqua regia. Using aqua regia, which is the official test method,
higher concentrations of Cu, Cd, Pb and As were extracted than the sum of the fraction 1 and 2. The results show that only
9, 40, 39 and 10% of Cu, Cd, Pb and As using aqua regia can be uptaken by plants (i.e., plant-available). Using 0.1N HCI,
the portion of Cd equivalent to about 66% the fraction 1 could be extracted, while, with Pb, the portion of the fraction 1
and about 90% of the fraction 2 could be extracted. With As, the portion equivalent to the fraction 1, 2 and 79% of the
fraction 3 was extracted, while with Cu, the portion equivalent to the fraction 1, 2, 3 and 20% of the fraction 4 was
extracted using 0.IN HCIl.
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Fig. 1. Map of the closed Janghang smelter area (Janhang, South Korea). The circle represents the closed Janghang smelter site.

J. Soil & Groundwater Env. Vol. 16(1), p. 42~50, 2011



44 A7) - kA - AgA -

o

A4 -

[e}

i

425 - Ech

Table 1. Fractions of 5-step sequential extraction method and proposed plant availability reported in literatures

Fraction Chemical form

Chemical extractants

Plant availability"

1 Exchangeable
2 Bound to carbonates

Bound to Fe-Mn

1 M MgCl (pH 7.0) or 1 M NaOAc (pH 8.2)
1 M NaOAc adjusted to pH 5.0 with acetic acid (HOAc)
0.3 M Na,S,0,+ 0.175 M Na-citrate + 0.025 M H-citrate or 0.04 M NH,OH-

Available
Available

Possibly available in

3 oxides HCI in 25% (v/v) HOAc acidic soil

4 Bound to organic 0.02 M HNO; and 30% H,0, adjusted to pH 2 with HNO; + 30% H,O, (pH 2 Nonavailable
matter with HNO;,) + 3.2 M NH,OAc in 20% (v/v) HNO;

5 Residual HF+ HCI10, Nonavailable

D Zhang et al. (2006), Li et al. (2007), Zheljazkov et al. (2008)
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Fig. 2. Comparison of metal concentrations determined by various extraction methods in the closed Janghang smelter area. The y-axis
represents the average concentrations of the metals extracted from surface soil (n = 53) and subsurface soil (n = 22).
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Fig. 3. Extracted metal concentrations by aqua regia in comparison with the Standard Concerned Levels of Korea Soil Conservation Act.
X-axis represents the sampling points (n = 75) including both surface and subsurface soils. Solid lines in each panel show the Standard
Concerned Levels of Cu (150 mg/kg), Cd (4 mg/kg), Pb (200 mg/kg), and As (25 mg/kg). Standard Acted Level for arsenic (75 mg/kg) is
also shown in dashed line.

350
@ Cu O Fraction 1~5
B 3009 ®  Fraction 1~4
5
£ 2 250
£2
=
3£ 200
= 9
s =
S E
S E 1501
o
E.g ]
o -] 100
g2
S
g g 50
iz
0 20 40 60 80 100 120 140 160 180 200
Extracted metal concentration by aqua regia (mg/kg)
400
©Pb O praction 1~5
®  Fraction 1~4 o
°
300 4
200

by sequential extraction (mg/kg)

Extracted metal concentration

3
=3

100 200 300 400

Extracted metal concentration by aqua regia (mg/kg)

Extracted metal concentration

Extracted metal concentration

by sequential extraction (mg/kg)

by sequential extraction (mg/kg)

6
®)Cd O Fraction 1~5
54 ® Fractionl~4 o o
o
4 - [e]
O&Q) Ooooo
31 °© O@% o
o
°© 00 © o
24 (¢]
o® 2% 0® o
1 o ) ° [ ] ..
] .
... ‘ r ’. L4
04
0 1 2 3 4 5 6

Extracted metal concentration by aqua regia (mg/kg)

1400

(@) As O Fraction 1~5
1200 o @® Fraction 1~4
1000 -
800 - [¢]
[¢]
600 -
[e)
400 - o
O
o
[¢]

0 50 100

150

200

Extracted metal concentration by aqua regia (mg/kg)

Fig. 4. Comparison of metal concentrations recovered by aqua regia extraction and 5-step sequential extraction. The solid lines (1:1 line)
indicate that the metal concentrations by aqua regia extraction are equal to the concentrations by 5-step sequential extraction. Dots above
the solid line means that the concentrations of metal which is not extracted by aqua regia.

J. Soil & Groundwater Env. Vol. 16(1), p. 42~50, 2011



8812 2ol WE (TRAAL T EYS) 235 QP54 P43} A8 Ho] 7P ol 47

tion) 02 FEEHS FEI A, 7+ FEHol 93l F
49 TE59] = vlad g 2olrt At k=
ol 79, 59l AE5FEd 23 9=} 0.1N HCI
|EHdl vlal Har 200017} He A= AL, G H]
A0 A9 Har 1008, AAle] FEle] Afelle Hi
10008l oo} zfel7F vis Aol ST, &, sTAl A
S5 Bl FEEE F5 A7t s A=
gl S5FEHY A, Tlew Y AS- 1
Hiofl A 2-38) o] xjo)E HJTh WhA, B4o] 790
e Fa5ds g9 Ha selzA 2olg Bt
S A&F=HO o8] BRE SEEe] EAE T
oAH fractionZA7} Y5l ofsfl o] 7FeeA] Lot
1Y) S, Y5Erel o8l 28 Fa s= o
3 sHA AE5F=H o8 FEH F= T fraction 1
FE 4ol ddele T2 )9} fraction 15E] 57}
A9 F F=@N Aye 242 JeR] vlusl] Bokth(Fig.
4). 20l e 3 HEL 7 AIEE ovlsiH, A
A 919 He YFEHol o3t wEe) s A&FE
Holl &l 29 Tt BoRle ARE ou|git. 4

(s}
—\% [e]

o3l o] B TS0 F=H Aeola A4 ok e
Hite] 7ot Tk, Had o) 34 Heo| Zjolr} &
F T AR fraction 59 PSP, 1 Zpol7t S5
% fraction 59 FE|E EAfh= FEHY] HlEo] B+
A& oulsitt. oA E o, 7l=F vlAe] giREe
el e 59l AEFEH fraction 500
HF3= residual fraction FEo] FEEA] @gkon o]
23t 73RS 53] A 79 o FEHAA vERd
=, (FrdARaLs 7AW vlies gE a5l v
- H2 FEZ EASHAIRE UIFRE fraction 52 FEIZ
EAEHH, o] B2 dFEHoRE FEHA = A
< & F Utk o] AY HlAe B9 T 91.5%7f
fraction 59 sl AoE Uehd=d], gvrdgoe=
residual fractiondl] Fsh= TE5E5S EY W 1, 23} F
9] AR Fxol SAPRRs loluE AY =R B
Thar 2edAd ACK Tessier et al, 1979). ST 38k 3
o] Aol wEm, ARG L HlAE i
gt FeE SAshH, o] 7 ol gt &
= 7Fs7del AY gtk 8 = JrkeEt, 2005;
Gleyzes et al., 2002; Wilcke et al., 2005).

33. 534 ENEeke Al Folelel B
Fas 09 B9 Slade skl felE s

T S AR ik EY Ul SAlke 55
£0] AEEA o8l gk v, P7t o] HhEA]
Frte]olol gt A& e, EY W TE52] EAF

E AEFEWAAY 5714 fraction® E EH o),
fraction 1(Exchangeable fraction)} fraction 2(Bound to
carbonates or specially absorbed fraction) FEfS] =
o] o]& 7kt Felzt A Stk Zhang et al
2006y 1=, T, Bo8 2d9¥ EdA ppE
(tea plan)Zo] ZHo|7Fsads AFeE 2y}, A& 2 |
a5 F% OPFARo] fraction 1914 71QIgH Aol w}
] exchangeable fraction®] 21& Zo] 7l o|=3h=
ZAAH(indicator)= AMEE = S-S AFeh vf ok =
3k, Zheljazkov et al.(2008)> A|#Aio] 7l=F 24 &
ol O 7R F821E(Bidens tripartita L., Leonurus
cardiaca L., Marrubium vulgare L., Melissa officinalis
L. and Origanum heracleoticum L)yS 410] B W
T34 TR HER Hold FEE TEE IE5FEY
Ao} vlusle] 2E 22 U9 Fa4 57 ES W
559 fraction 13} fraction 201 SFES RIS
Ikhuoria et al.(2010)2 S5<7(Zea may)= ©]-€3] CCA
(chromated copper arsenate)@ 2% EYA Hol7ls
FS dSshs A7E 38 2, fraction 13} fraction
20 sFE= F=7F A= o84S 7FAM, fraction
3, 4, 55 AEE9 Mol A9 HA| eths AS g
QIEITt. ©] €] Li et al(2007), Hong et al(2009) 5
o] AREE 732} H(rice plant)2} S5 YH-(comn
plantys o83+ AT 3l S19F FLS AHE A3
olFA & uf, (FyFaAlEs FTH EYeX] BESH o]
& 7FsAe THE, & AERY Mot 7hsd sES
9] kS fraction 13 29] Folgt & 4 Yo 1 ke
Fig. 20 of2] 712 55 F=890 o8] 759 S5
& Fxo} I TAIE] Aok 7, TtEE, 9] A
F2b 3.1(23.82), 0.6(x0.15), 20.6(+ 18.78) mgkeo] 2]
B2 Mo} 7Fsd FEES] YolaL, 7P AEER 2
dxlo] Qe HIAE 7.0(+6.48) mgkge] ool Psl=
ACE & ok EY A8 AFH Al FAIE GPS
RE o R YeFEHo s FEH Tu5Y = ¢
fraction 13} 28] o7 FIHH= A& Ho] 7}sAL 7}
A FHE T8 & /WA CE vus] By 9] 24zt
Surfer 8.0®(Golden Software, Colorado, USA)YS A}
1ol 524 A= (contour map)E ¥ HTH(Fig.
5). 2 AGA T 5= (Fig. 5 9% )yt 5
Al A&FEH fraction 137} 29] FH(Fig. 5 LEZ I

d

N

>

%l? o

~—

.

J. Soil & Groundwater Env. Vol. 16(1), p. 42~50, 2011



48 7] - R - 1D - Qs - AR - 9

(a)-2 Cu
155 _
145
135 35
125 | |so

115

105 25
9% 20
85

75 15
65 10
55

/

(b)-2 Pb

(d)-2/As N B
© i
Ol N

§ s

Fig. 5. Contour maps of the metal concentrations drawn by Surfer 8.0® from the extracted metal concentrations. Left panels represent the
concentrations of (a) Cu, (b) Cd, (c) Pb, and (d) As recovered by aqua regia extraction and right panels represent the sums of fraction 1
and 2 of 5-step sequential extraction of the metals in the same order.
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