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Abstract

For 26 soil series distributed more than 1% among 63 soil series in Jeju Island, natural uncultivated soil samples were
collected. For these soils, the chemical speciation of eight heavy metals (Cd, Cr, Cu, Mn, Ni, Pb, V, and Zn) was examined.
Further, the Plant Bioavailability (PB) and Mobility Factor (MF) of these heavy metals were evaluated using Tessier’s 5-step
sequential extraction method (exchangeable, carbonate, reducible (bound to Fe/Mn oxides), oxidizable (bound to organic
matter), and residual fraction). The main form present was residual fraction for Cd and Zn; residual and oxidizable fractions
for Cr, Cu, Ni, and Pb; reducible fraction for Mn; and carbonate fraction for V. The average plant availability and average
mobility factor were found to be V (57.37%) > Zn (12.49%) > Cd (11.76%) > Cu (11.19%) > Pb (9.37%) > Cr (9.09%) > Mn
(3.13%) > Ni (2.63%), and Mn (61.04%) > V (59.94%) > Zn (31.54%) > Cd (17.65%) > Cr (15.66%) > Ni (13.89%) > Pb
(13.80%) > Cu (13.53%), respectively.
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shehd o R AtrEls HEAR] Bl dis)
FTad Ao e F54 & vl - AE,
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Fig. 1. Sampling sites used for chemical speciation of heavy
metals in soils of Jeju Island.
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Table 1. Soil series, area and land use of each sampling site
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Calhoun et al.(1972)9] W, EF S7|& T2

Walkley & Black§(1934), EA1-2 Munsell colory

of| wha} =3 5t3ick.
EY T 555 vEe A su% 2ded

2 A A=) Q1= Cd, Cu, Cr, Ni, Pb, Zn & 67} 3}=
3} =of 30| shebd We) AES 919 ol AFEw
9li= Mn (Liu et al,, 2016) & X #5%E Eopo @
B Aslkp 4hE 540 R AFE AL Q= V (Hyun
et al., 2016a; 2016b) 5 87}A] &-=of thsjA], B2
AR H8eha ot 95 B 8ol

Soil No Soil series > Area Land use
(m’) (%)

1 Gueom 32,171,890 1.75 shrubbery beside roads

2 Gujwa 136,421,125 7.42 grassland and shrubbery

3 Gimyeong 51,312,125 2.79 pasture

4 Namweon 30,965,923 1.68 plantation beside pasture

5 Noro 63,739,666 347 forest

6 Nogsan 19,678,837 1.07 plantation

7 Nongo 20,168,297 1.10 shrubbery

8 Mudeung 26,896,317 1.46 eulalia and grassland

9 Miag 48,921,050 2.66 plantation near oreum climing way
10 Songdang 39,461,578 2.15 shrubbery

11 Songag 23,351,162 1.27 forest

12 Sineom 18,687,715 1.02 forest

13 Ara 59,261,003 3.22 weedland

14 Ora 139,856,382 7.61 hybrid land of weed and shrubbery
15 Yongheung 31,417,593 1.71 hybrid land of weed and shrubbery
16 Ido 18,483,158 1.01 forest composed of pine trees

17 Jeogag 27,311,907 1.49 forest

18 Jeju 122,678,028 6.68 grassland

19 Jungmun 141,637,042 7.71 eulalia land
20 Jungeom 70,370,029 3.83 forest composed of pine trees
21 Tosan 24,787,583 1.35 forest
22 Pyeongdae 87,657,194 4.77 grassland and hybrid land
23 Haweon 27,679,410 1.51 natural glassland
24 Hanrim 19,673,313 1.07 shrubbery
25 Haengweon 44,742,085 2.43 hybrid land of weed and shrubbery
26 Heunag 116,497,990 6.34 forest
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Fig. 2. Sequential extraction schemes of heavy metals proposed by Tessier et al.(1979) used in this study.
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Table 2. Physicochemical properties of natural soils used in this study

. . . pH Organic matter Soil color
Soil No Soil series
H,O NaF (%) (Munsell color)
1 Gueom’ 5.1 10.5 4.8 black 10 YR 2/1
2 Gujwa’ 53 11.6 53 black 10 YR 2/1
3 Gimyeong2 5.6 11.2 6.4 very dark gray 10 YR 3/2
4 Namweon’ 49 11.5 12.8 black 10 YR 2/1
5 Noro 4.7 10.9 11.5 black 5YR2.5/1
6 Nogsan2 5.7 11.5 6.4 black 5YR2.5/1
7 Nongo® 48 11.3 4.8 black 10 YR 2/1
8 Mudeung] 6.0 8.0 32 dark brown 7.5YR3/2
9 Miag’ 5.6 11.2 16.1 black 10 YR 2/1
10 Songdang2 5.4 11.6 12.3 black 10 YR 2/1
11 Songag’ 4.9 11.5 16.8 black 10 YR 2/1
12 Sineom’ 4.9 113 17.3 black 10 YR 2/1
13 Ara’ 5.7 11.3 16.8 black 10 YR 2/1
14 Ora' 5.7 7.9 4.1 brown 10 YR 4/3
15 Yongheungl 4.8 7.7 34 very dark grayish brown 10 YR 3/2
16 Ido’ 4.8 9.8 9.9 very dark gray 10 YR 3/1
17 Jeogag2 5.5 11.4 11.0 very dark gray 10 YR 3/1
18 Jeju’ 5.2 11.6 13.2 black 10 YR 2/1
19 JungmunI 5.1 79 35 dark brown 7.5 YR3/2
20 JungeomI 4.8 8.5 4.8 dark brown 7.5YR3/2
21 Tosan” 5.8 11.0 15.8 black 10 YR 2/1
22 Pyeongdae2 4.8 11.3 14.0 black 10 YR 2/1
23 Haweon' 5.1 8.9 4.1 dark brown 7.5YR3/2
24 Hanrim’ 52 11.4 15.5 black 10 YR 2/1
25 Haengweon® 53 115 12.5 black 10 YR 2/1
26 Heunag2 5.2 10.7 12.5 black 10 YR 2/1
Total Range (average) 47~60 7.7~11.6 32~173 ) )
soil (5.2) (10.5) (10.0)
Volcanic soil Range (average) 4'253?8 9?{; %6 4.%(317.18;.3 - -
non-volcanic soil Range (average) 48~60 7.7~8.9 3.2~48 - -
(5.3) 8.2) 3.9
]’zrepresent non-volcanic soil and volcanic soil by means of classification of pH (NaF), respectively
EHo GAHE AR FowA e Bl B Ll EeE s A5, o2 A, &
pHOlA €A 5= WEEm(Narwal et al, 25 GAE 2| 9 o] 2aghe] Bl Ql Ahgof 9]
1999), ebite Fe(FI)E w3t Fejet upxirtz] 3j) Qold 2= 9l ©w(Hall and Pelchat, 1999), o]7]o]|
2 ofstA A= ] s Fto = pHeF 22 2 A FEEH2 53] Taka(ghe) 24 U A
Shof| wlj-- wIztste] URbA O R pH7E S5 BLOoR & O =2 AHA Qe AeHd FEI(FIV)ol 29 554
A o] Fefjol] At = FEE ¢A = < Bl ¥ 273 5 AR = 9lem, o]
T 92} UrKGleyzes et al, 2002). TV WEF Y f71Ee] Rl o] Aol Agkslo] Ut
I &] AFol=of o3t A% 3= oA 22 & nF Su59 852 dRItHKennedy et al,
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Table 3. Concentrations and fractions of heavy metals in soils used in this study by 5 step sequential extraction

FI FII FII FIV FV Total
Heavy metals
mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % (mg/kg)

Min. 0.00  0.00 0.01 2.52 0.01 1.64 0.00  0.00 0.16 51.47 0.21

Cd Max. 0.06 14.31 0.09 16.00 0.11 17.65 0.15 22.88 0.69 89.04 0.81
Mean 0.03 5.29 0.03 6.74 0.03 6.35 0.05 9.76 036 71.87 0.51

Min. 0.06  0.05 040  0.37 0.56 1.50 4.20 10.19 9.99 35.52 19.41

Cr Max. 9.48 10.02 53.52  46.82 28.00 14.93 79.60  50.80 82.21 7333 187.57
Mean 0.69 0.79 796  9.07 624  6.03 33.02 33.67 47.19 5045 95.11

Min. 0.00  0.00 0.00  0.00 0.04 0.18 295 17.59 5.15 2343 13.00

Cu Max. .33 3.11 422 2358 295 10.25 30.85 6431 34.04 6298 54.81
Mean 0.16 0.54 3.10 12.18 0.68 2.13 13.30 44.78 11.88 40.36 29.13

Min. 558  0.71 1.39  0.19 76.06 22.70 26.88  3.38 66.57  5.51 335.09

Mn Max. 5233 6.26 2794 334 1,559.96  86.00 355.46 35.51 455.21 66.07 2,022.77
Mean 1643 229 7.42 1.00 441.59 5497 147.31 19.73 149.82  22.01 762.57

Min. 0.02  0.08 0.08 0.18 1.01 2.21 433 1138 7.89 26.27 18.35

Ni Max. 3.11 6.07 4.16  9.12 22.48 30.01 41.51 64.25 43.99 79.79 89.63
Mean 0.31 0.72 090 222 5.19 10.46 17.74 37.52 21.94 49.07 46.09

Min. 0.00  0.00 0.15  0.70 0.07 0.34 0.64 293 543  26.60 10.39

Pb Max. 231 10.53 4.66 23.78 3.82  20.18 16.27 67.88 18.40 76.12 28.50
Mean 0.22 1.09 1.60  8.20 0.86  4.40 5.84  29.90 1091 56.41 19.42

Min. 338 226 61.52 44.86 0.03  0.03 2.03 1.62 29.13  28.71 99.02

V  Max. 6.56  5.38 85.21 63.26 12.70  8.55 11.00 845 83.60 44.01 189.96
Mean 404 334 66.29 54.48 3.15 246 4.68  3.86 4442 3587 122.58

Min. 0.56 2.88 0.80  0.99 1.18  7.46 1.60  3.45 5.57 30.00 12.65

Zn Max. 8.47 1448 17.59 25.71 2749 33.36 39.84 46.75 4771  66.77 106.85
Mean 399  7.94 253 4.63 995 17.42 932 18.15 2644 51.87 52.22

1997). 12|t} o] 2o A= PRt A Fa =4
o} PRARER v L) S vje] R4S &
2710 §EEE FRES ARTHOR o] gE)x)
oF=t}ty1 X5k thFilgueiras et al., 2002). 234
FEHEV)= 2HoE fUH= 555 = 54
=50 A7) A f19de Brleket f-83t
EateA 2Hgstal Qlek gake =
A7t midS A7IA 2 = sl
EY B EZ %C’ﬂ/ﬁ 23 Fefoll AgE o
Wl O] w5 Eeshetl AREAL Zh
Bl 220 Heke g er ol
2o Qaope] Hiole). Eof FH40) thas
2| ol A e &‘EH 4l gAY 5*0‘5119}7
3h o) 8715 A0] 18 FES AArke B9l

s
W“

_>L o
5id
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O_>|: g:o

r‘T>r nl
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T = o e T e T

OJj

:?:
oZ,

= Uty ESR71E(FIV) H FE(F V)l s
A F552 Bl 8550 AlEd 44
QgL mf$ e Aoz A 9JriRodriguez et
al., 2009; Singh and Kalamdhad, 2013).

2 Aol BEEe WA Hlgo] 1% o<l 26
7| EFE9] E¢ko] th8ll Cd, Cr, Cu, Mn, Ni, Pb, V,
Zn 587 os5= o= 2.29] Aol wat
STHA|R 22319 0n, 21 A11S Table 3 Y Fig. 39
LFEF STt

Cde A FEEV)7E A =9 B+t
71.87(51.47~89.04)% = TJH-ELS x}R|alal 0
H, o2 AR FEN(FIV) S+t 9.76(0.00~
22.88)% > BFAFY FEN(FIT) St 6.74(2.52~16.00)%
> A FE|(FI) B 6.35(1.64~17.65)% > 1gHA]
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Fig. 3. Heavy metal fractions in soils used in this study by 5 step sequential extraction (Ill, F I: exchangeable; ll, FII:
bound to carbonate or specially adsorbed fraction; [ll, FIII: bound to Fe and Mn oxides fraction; [, FIV: bound to
organic and sulfide; , FV: residual).
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Fig. 4. Average Plant Bioavailabillty (PB) and Mobility Factor (MF) in soils used in this study.
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