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Concentrations and Chemical Speciation of Heavy

Metals 1in Soils of Jeju Island

Se—-Ra Kim
Department of Construction and Environmental Engineering
Graduate School of Industry

Cheju National University

Supervised by Professor Sang-Kyu Kam

Summary

For 63 soil series distributed in Jeju Island, uncultivated soils which
are considered to be natural pedo—geochemical ones in each soil series,
were collected. From the soils, 19 heavy metals including 8 heavy metals
which are regulated by Korean Law of Soil Environmental Protection,
were analyzed after they were pretreated with microwave assisted acid
(HF/HNOs3) digestion (US EPA 3052 method). The pH(H-0), pH(NaF) and
organic matter content in soils which are major parameters of their
physico- -chemical properties, were analyzed. From the results analyzed,
the concentrations of heavy metals distributed in soils of Jeju Island, were
examined and compared with those in foreigb countries. In addition, the

correlation between heavy metal
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concentrations and the parameters of physico—chemical properties in soils
and among the heavy metals in soils of Jeju Island as analyzed. The
concentrations of heavy metals extracted with microwave assisted acid
digestion used in this study were compared with those extracted with 0.1
N HCl and with those digested with an aqua regia proposed as the
pretreatment methods by Korean Law of Soil Environmental Protection, in
order to evaluate the extent of those extraction in soils. Moreover, the
five-step chemical extraction procedure was carried out to fractionate
heavy metal chemical forms in order to examine their retention in soils or
their mobility in water. The results obtained in this study were

summarized as follows:

1. The studied soils were acidic, with 89% of the total soils having a
pH(I-0) of less than 6.0. The soil pH(NaF), which can be indicative of
amorphous material (volcanic ash soil) (>9.4), were in the range of
75-11.7. and by classification of volcanic ash soils with the wvalue, the
soils of Jeju Island compriesd of 42 volcanic ash soils and 21
non-volcanic ash soils. The organic matter content was in the range of
16-176% (mean 8.1%) in total soils, 2.3-17.6% (mean 10.4%) in
volcanic ash soils and 1.6-5.8% (mean 3.6%) in non-volcanic ash soils.
By the Munsell Color Chart, the soils of Jeju Island compriesd of 29
black soils, 13 very dark grey soils, 11 dark brown soils, 3 very dark
grayish brown soils, 2 brown soils, 1 very dark brown soil, 1 dark

reddish brown soil, reddish black soil, etc.

2. In total natural soils used in this study, the heavy metals which were
distributed in the highest concentrations and the lowest concentrations
were Mn and Ba, Hg and TI, respectively. The concentrations (mg/kg)
of heavy metals decreased in the following sequences with arithmetric
mean value: Mn(730)>



Ba(493)> V(87)> Cr(73), Zn(71)> Ni (52)> Co(36)> Cu(20)> Pb(14)>
Sh(9)> As(6.14)> Sn(1.15), Ag(1.12)> Mo(0.527), Se(0.529)> Be(0.345)>
Cd(0.238)> Hg(0.146)> TI1(0.096). Comparing them between volcanic and
non-volcanic ash soils with arithmetric mean value, the concentrations
of Ba, Cr, Zn, Ni, Cu, As, Ag, Se and Hg, were higher in the former
with 1.6 times, 1.2 times, 1.2 times, 1.2 times, 1.3 times 1.4 times, 1.6
times, 2.4 times, respectively, those of Mn and Tl were higher in the
latter with 1.2 times, 1.7 times, respectively, and those of V, Co, Pb,
Sb, Sn, Mo, Be and Cd were similar in both soils.

. The coefficients of variation(CV), indicating the higher the values are,
the greater difference of their concentrations in spatial distribution is,
were in the range of 0.299~0.940 in total soils, 0.234~0.974 in volcanic
ash soils, 0.319~1.018 non-volcanic ash soils. The values among the
heavy metals decreased in the order of As> TI> Sn> Mo, Ag> Se>
Be, Ba> Cu, Ni> Hg> Cr, Co, Mn> Zn> Cd> Sb> V> Pb in total
soils, Sn> TI> Ag> As, Mo> Be> Ni> Cu, Ba> Se> Cr> Mn> Co,
Hg> Zn> Cd, Sb> V> Pb in volcanic ash soils, and Mo> As> Ag>
T1> Sn> Ba, Cu> Ni> Be> Co> Hg> Cd, Pb> Mn> Zn, Sb> V> Cr

in non-volcanic ash soils.

. When the concentrations of heavy metals in volcanic ash soils and
non-volcanic ash soils were compared with those in foreign countries,
they were highly different with soil properties, which is considered to
be due to the difference in parent rock, weathering process, and the

time of volcanic activity, etc.
. The concentrations extracted with US EPA3052 method used in this

study were higher with tens to thousands times and 1.2-2.2 times than

those extracted with 0.1 N HCI and with aqua regia,
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respectively.

6. It could be found that the correlations of pH(IH-O) and heavy metals
(Hg, Ni, Co, Se), pH(NaF) and heavy metals (Hg, Ba, Se, TIl), and
organic matter content and heavy metals (Hg, T1) were significant at
the 0.05 level, and those of pH(H>O) and Mn, organic matter content
and Se were significant at the 0.05 level. It could be found that from
the correlation analysis among the heavy metal, there were 22 where
there were significant at the 0.01 level and they showed positive
correlation. The corelation coeficients were the highest in Sb-V(0.878),
decreased in  the orer of Mo-Sn(r=0.867)>  Co-V(r=0.654)>
Co-Sb(r=0.648)> Be-Sn(r=0.546)> Sn-TI1(r=0.528). The other values
were below 0.5. There were 11 where there were significant at the 0.05
level, the corelations of As-Ni(-0.264), Ni-Be(-0.283), Be-Mn(-0.286)

were negative, and those of the others were positive.

7. With the results of five-step chemical extraction, the heavy metals (Mn,
7Zn, Ni, Co) were present in oxidizable, reducible and residual forms
(>90%) in most cases in soils and so they were not easily extracted in
natural system. Although the heavy metals (Cr, Cu, Pb) wee present in
reducible and residual forms with the values of above 80%, they were
present in carbonate form with the values of 10%, indicating that they
have the possibility to be extracted to natural system. Most of V was
present in carbonate and residual forms, indicating that this metal was
extracted to natural system easily and influxed into the vegetables and

groundwater.
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Fig. 1. Soil map of Jeju Island.
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Table 1. Comparison of pretreatment methods of heavy metals in soils among

Korea and several foreign countries

Pretreatment method

Country : =
Cu Cd | Pb As 7n Ni Hg Cr
Extraction | Extraction with water Extraction with water (pH
Japan with HCI | (pH 5.8-6.3) containing| - - 5.8-6.3) containing 0.1 N-HCI
01-10N 0.1 N-HCl1 (Hg) or 0.005 mol NaxCOs (Cr™)
USA
(Federal Gove Digestion
—rnment,

with aqua Alkali digestion
Massachusetts| Digestion with a mixture of HNO; and H20, or | regia or a (NaOH+NaxCO3)

, New Jersey, Microwave assisted acid digestion mixture of | (SW846 method
Maryland HNO:; and 3060)
Texas, ypo-
Califonia)
HNO;3
) ) , digestion,| . . : ! . .
Digestion with aqua Digestion with Digestion with aqua
Netherland y followed } - )
regia by HCI aqua regia regia (total Cr)
V]
digestion
. , ) Digestion . . .
Digestion with aqua h Digestion with aqua
with a
United regia and HF (for the it ; regia and HF (for
mixture o
. = residues which are not| - - HNOs and the residues which
3 an .
ngdom digested with aqua u qog o are not digested
250y, an : )
regia) ?KM4 o with aqua regia)
ny
. . Digestion
Digestion .
i with aqua . \ . . . .
with : Digestion with Digestion with aqua
regia ]
NH/NO3 i ¥ Digestion NH4NO3 i . regia
/NH4NO3 | igestion
G 0 (farmland, e with | (farmland, land th /NHNO3
m armland, with aqua
crmany land for land £ aqua for edeble 'q (farmland, land for
and for regia
edeble debl regia vegetables, & edeble vegetables,
edeble
vegetables, tabl grassland) grassland)
vegetables,
grassland) g
grassland)
Denmark Digestion with 50% HNO;
Digestion with . . . . .
" Digestion | Digestion with aqua
aqua regia/a . . .
th % ture of
Digestion with aqua mixture of W .a(/qua regl;ia\lcr)mx ;e o
. regia/a an
Australia regia/HNOs/microwave assisted HNO3; and . & ,3
o . . mixture of | HO»/microwave
acid digestion H>02/microwa— . .
isted HNOs and assisted acid
-ve assiste
HCI digesti
acid digestion reestion




<Table 1 continued>

Pretreatment method
Country - o
Cu Cd | Pb As Zn Ni Hg Cr
Sweden Digestion with aqua regia
Canada Digestion with a mixture of HNOs; and HzO2 or Microwave assisted acid digestion
Digesti
Extract- .1ges o
. X . E . i . |with HNOs3, R .
K. Extraction with 0.1 N |ion with| Digestion with foll q Extraction with 0.1
ollowe:
ored HCI 1N | aqua regia N HCI
X urea and
HC1
KMnOy4
ISO Digestion with aqua regia

gutgldd  Shipham A9 A9, EYF WelxE =2 Cd(134~365 mg/kg)d
Pb(2,780~4,980 mg/kg)s FrrstARt, A&l FFES A= FFel wet 2ol
= AAR 0.8 mg/kg skl Cd¥ 1.3 mg/kg ©lske] Pb o= wdh =l
TEEHTEFS e UE LdAY & AEWe] d4gEe v v ol BEY

(75~78), B F&50] A - 93t Asteoly f7l&a ZAghE o

ol EFoRRE AEo| F4& T4/ ol9 7] wiEolth(Alloway 5, 1988).
A ER OEeh W e Bl S Sl AHEe] F hed ARS

1#&357] 9%te] DTPA(diethylene triamine pentaacetic acid), EDTA(ethylene

diamine tetraacetic acid), TEA(triethanolamine), NH;OAc(ammonium acetate) % 3}
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£y

thekat =g E o] 839t (Korcak® Fanning, 1978; Miles$} Parker, 1979;
Haqg %, 1983; Browne 5 1984; Liang % 1991). 12j4 o]g]3l AL GdPds
o 3 EUF A& #AAZS oldstE HE FE&5A T thokd Pio] Hed F

Fgge otk aeEE B F49 EAFHE Lohy] fskel o A

rlo

A= d 3 wHY dEE dSsta, 550 Bl H2R olede
dES FHste] AVAY AL Al & ARE ZF 3T, 1994).

o, 7 @A A FEH FEHAY 75 ALET
ARE, AUE 9 AENY 5 wele e w74 v FE8de BE

EWRE FTolA "l Bo] AEHI s F 7HA HHES T
th ol W FolA Tessier 5(1979)¢ o] 7P BEA O
2 ARgEE 2 glow 31E A 2 (Hickey and Kittrick, 1984)0] A& FF 8l o}
F4EH A (Clevenger, 1990), =2wW o] wWx]e} E¢F(Karrison &, 1981) Tol%= &
A}, Tessier 5(1979)¢] Aetst A&HFEHE w3A 3 H(Exchangeable), €2FA
& B (Bound to carbonate or specially adsorbed fraction), <44 & El(Bound to Fe
and Mn oxides fraction), 2F3}4 & el (Bound to organic and sulfide), 274 & Ej
(Residual) ©] 5@HAl= FE=35k= W ol

EE o] WY A H A Al AAEATG S 4 dAY FEE&uE e

4

GAo FEgS = £ YuE A, dF 59 30% H0.E HT=E 7}

Add 555 FET W, AEZEC] FAHAY It AsEe] FEEH S v
g a3 dAA FEE F50] 72 dAdA s AAFA o Algte] A
UHA EF o EAste 5559 AEY7 dojd & AvHKim ¥ Fergusson,
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Table 2. The methodology of a sequential chemical extraction scheme suggested
by various researchers

Fractions Chemical extractants Ref.
Exchangeable 1 M MgCly(pH=7)
Organic 309 H20, Shuman
Hydrous Fe oxides 0.2 M CoH204(pH=3)+0.2M(INH4)2C204 (1979)
Residuals 1M HNOs
Exchangeable 1 M MgCl(pH=7)or 1M NaOAc(pH=8.2)
Carbonates 1 M NaOAc(pH=b)
Fe-Mn oxides 0.3 M NapS204+0.175 M Na-citrate + 0.025 M Tessier

H-citrate or 0.04M NH>OH - HCI in 25% HOAc et al,
Organics 0.02 M HNO3+30% H.O.(pH=2)+3.2 M NH.OAc (1979)
in 20% HNOs

Residuals HF+HCIO4
Water soluble directly measured after centrifuging &filtering
Exchangeable IM NaOAc adjusted to sediment suspension pH  Khalid
Reducible 0.15 M CoHo04+0.25 M(NH4)2C204 et al.
DTPA-extractable 0.05 M DTPA+0.2 M NaOAc(pH=7) (1981)
Insoluble Organic 30% Hs02+1 M NaOAc(pH=2.5)
Easily/freely; 1 M NH;0Ac+0.5 M MgOAc(pH=7)
exchangeable Baddri
Oxidisible organic 30% H:02+1 M NH4OAc(pH=3.5) & Aston
Acid-reducible 0.25 M NH-OH - HCIl(pH=2) in HNOj3 (1983)
Residuals HNO3;-HF+HCI1O4
Water soluble H:0
Exchangeable 1 M KNOs
Organic bound 1 M NasP207
Carbonate/noncrystalline 0.1 M EDTA Miller
Fe occluded 0.1 M NH2OH - HC1+0.01 M HNO3 et al.,
Mn oxide occluded (1983)
Crystalline 0.27 M Na-citrate+0.1M NaHCO3+0.256M NazS204
Fe occluded
Sulphides 1 M HNOs
Residuals HNO3.H202
Exchangeable 1 M NH,OAc(pH=7)
Carbonates 1 M NaOAc(pH=5) Gibson &
Easily reducible 0.1 M NH>0OH - HCI+0.01 M HNO;3 Farmer
Moderately reducible 1 M NH;OH - HCI1+25% HOAc (1986)
Organics 3026 H202+0.02 M HNO;3
Residuals HNO3+H20-
Exchangeable 1 M Mg(NO3)2(pH=7)
Organics 0.7 M NaOCl(pH=8.5) Domringues
Mn oxide 0.1 M NH->OH - HCl(pH=2) & Silva
Amorphous Fe oxides 0.2 M(NH4)2C204+H20+0.2 M CoHz)4(pH=3) (1990)

Crystalline Fe oxides

0.1 M ascorbic acid
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Fig. 2. Sampling sites by soil series in Jeju Island.
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Table 3. Area of soil series, and location and land use of sampling site at each

soil series

Area Sampling site
Symbol - Soil series (m?) (%)  Longitude  Latitude Algg;de Land use
1 Gapa series 13,746,338 075 126.14.3022 33.2251.04 22 shrubbery
2 Gjeﬁzzn 9,096,637 049 12621.0526 33.14.2632 200 shrubbery
Gang: hybrid land
3 angleong 9013767 049 12615541 33.16.16.1 59  of weed and
series
shrubbery
4 Gyorae series 13,132,440 0.71  126.4853.0 33.25.27.6 191 grassland
5  Gueom series 32,171,890 1.75 12625348 33.16.062 174 shrubbery
beside roads
grassland
6 Gujwa series 136,421,125 742 126.46.084  33.31.46.5 91 and
shrubbery
7 Gunsan series 16,950,731 092  126.24.35.7 33.24.35.7 770 forest
3 Geumag 7255814 039 12631287 3325110 569 forest
series
9 Glggiiosng 51312125 279 12646084 3331465 166 pasture
Nagcheon hybrid land
10 agcics 847224 005 12655164 3326226 10  of weed and
series
shrubbery
N plantation
11 "‘Sr;r‘i‘g;o“ 30965923 168 12646441 3325468 238 beside
pasture
12 Noro series 63,739,666 347 12620460 3321530 986 forest
13 Nogsan series 19,678837  1.07 12642347 33.25.53.1 373 plantation
14 Nongo series 20,168,297 1.10 12627571  33.19.05.2 771 shrubbery
Daeieon pine tree
15 acjeong 3231242 018 12612590 33.18.14.2 76 among the
series .
fileds
16 Daep yeong forest
series
pine tree
17  Daeheul series 91,018355 495 126.49.45.1 33.31.425 35 among the
fileds
18 Ds;igsm 15274121  0.83 12620294  33.24.42.8 159 forest
Dongh hybrid land
19 onghong 6,428 000 12631241 3326134 403  of weed and
series
shrubbery
20 Mudeung  oseo6a17 146 12618118 3321435 293  culalia and
series grassland
M hybrid land
21 UreUng 15803263 0.86  126.1249.8 3317215 55  of weed and

series

shrubbery
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<Table 3 continued>

Area Sampling site
Symbol Soilseries (m?) (%) Longitude Latitude Alg;u;de Land use
plantation near
22 Miag series 48921,050 2.66 126.22.50.1 33.20.30.5 565 oreum climing
way
23 Minag series 2,665,132 0.15 126.19.27.3 33.18.42.0 264 pasture
o4 Byeongag oigo601 004 12636009 33.17.398 279  lorest at the top
series of oreum
hybrid land of
25 Sara series = 0.00 126.28.04.8 33.26.46.5 300 weed and
shrubbery
2% Sanbang - goos0so 034 12622559 3315082 166 Veedland near
series oreum
27 Seogto series 12,136 000 12611505 33.16368 47 natural
grassland
28 Sosegrias“g 39461578 215 12624430 3323583 580 shrubbery
29 Songag series 23,351,162 1.27 126.41.455 33.20.40.7 262 forest
30  Sineom series 18,687,715 1.02 12644295 3320490 168 forest
31 Ara series 59,261,003 322 12638358 33.29218 210 weedland
32 Aeweol series 3462833 019 12618153 3325291 53 eulalia and
shrubbery
33 Yes‘;rr‘f’ersag 2358986 013 12633302 3327260 291 forest
hybrid land of
34 Ora series 139,856,382 7.61 126.27.358 33.25.10.7 519 weed and
shrubbery
35 Or;‘gg’sng 3875263 021 12654258 3328254 10 grassland
36 Yosrfrigezng 1,226,762 007 126.29.375 33.16.168 235 shrubbery
37 Yongdang 1 yo 660 008 126232033 3328539 21 natural
series grassland
38 Yongsu series 1528541 008 12621.10.1 33.14495 138  Pme fti:glegsnear
Yongheu hybrid land of
39 ONsNCUNgE 97 417593 171 12627510 33.27.328 166 weed and
series
shrubbery
40 Udo series 8,700,824 047 126.27.21.4 33.26.01.3 375 shrubbery
g Weolyeongogh g0 007 12611384 3315420 25 shrubbery
series among the fileds
ap  Weolbyeongyog6 150 010 126154001 3324076 8 reed and wild

series

grass
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<Table 3 continued>

AREA Sampling site
S 1 Soil seri ~
ymbo off series (m%) (%) Longitude Latitude Alg;‘;de Land use
43 Wuimi series 15910268 087 126.44.23.1 3321.242 186 forest
44 Ido series 18483158 1.01 12637459 33.29.11.3 212 forest composed
of pine trees
45 Tho series 441089 002 12618318 3313457 11 Veedland near
the seashore
46  Inseong series 6988618 0.38 126.16.57.7 33.14.23.1 37 grassland
47 Jeogag series 27,311,907 149 126.38.01.6 33.26.03.4 533 forest
48 Jeju series 122,678,028 668 126.22.150 33.20555 506 grassland
hybrid land of
49 Jocheon series 16,300,323 0.89 126.38.37.0 33.31.32.6 38 weed and
shrubbery
50 J“;%?elsn 141,637,042 771 12618426 3316278 182 eulalia land
51 Jungeom 6070009 383 12619348 3323485 168  Lorest composed
series of pine trees
52 Jisan series 68,392 0.00 126.34.44.4 33.26.27.7 454 grassland
53 Tosan series 24,787,583 1.35 126.37.37.3 33.22.15.6 642 forest
54 Tospeifezng 9713863 053 12645403 3326038 255 forest
55 ~ bveongdae  oueonigs 477 19643486 3323015 o84  grassland and
series hybrid land
P % hybrid land of
56 yoseo 5480,173 030 126.49.158 3326371 194 weed and
series
shrubbery
57 Hamo series 7,079,621 0.39 126.16.02.5 33.13.32.2 52 grassland
58 Hse‘flz‘;“ 27679410 151 126.1353.3 33.1846.7 81  natural glassland
59 Ha‘;fgg’;’“g 5800983 032 12629021 3324582 580 pasture
60 Hanrim series 19,673,313 1.07 126.27.24.0 33.24.44.3 578 shrubbery
hybrid land of
61 Haean series 1,693,381 0.09 126.10.484 33.19.25.1 19 weed and
shrubbery
Haen n hybrid land of
62 aenEWeon 11749085 243 12651055 3328180 115 weed and
series
shrubbery
63 Heunag series 116,497,990 6.34 126.36.28.0 33.25.22.0 642 forest
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2 1.0 goll HF(38%) 3 mL, HNO3(68%) 9 mLE il mlo]azgel® ZaFAE
o] &3lo] 15% B¢ a3t ¥ 5BYHAZ oy} F 2eFE 25 mL BuE E
T AREdow . 3 dAg URlel wE EY T a5 FHFS Hlas]
8 Cd, Cr, Cu, Ni, Zn 2 Zn 5 670 &=l dis) sl EFEFEAH 483t
S A Fdstel 2 AdE Witk
w4 A2 Ba, Cr, Mn, Ni, Zn ] tjsir= ICP-OES(optima 5300DV, PE)&
Ag, Be, Cd, Co, Cu, Pb, Sh, Sn, Tl, V ¢ tjaj*+= ICP-MS(Elan DRC-e, PE)E,
As ¥ Seol] tha]A]E= ICP-OES Hydride(Vista—pro, Varian)”]7|S A}-&3Fe] 438}
Ao, F2(Hg)e E% A5 1 go Fste Hg analyzer(DMA-80, Milestone)E ©]

&8 &4k

i 9+ 01 N-HCl 7+&H 2 =+

M
ol

ofN

4) B T o959 334 e 24
EY u vHF Ao EAFHE LrIs HAS A& FEH(Sequential
extraction method) Tessier 5(1979)8] WH & 7|22 4 - Rgd WYHe=zr v

&3} o] 5EAR B4

J

@O w34 e (Exchangeable Fraction)) : 71Z2d EYA|R 1 gol pH 72 44
05 M MgCly 8 mLE %3 10&3F 2yt

@ 4k el (Bound to carbonate fraction) : QWA & @2 EUA|F pH 5
2 2429 1 M NaOAc 8 mLE Y3 5A|7HE<F wnt

® ¢4 FE(Bound to Fe-Mn oxide fraction) : @A & T2 EGFA R
HOAc 25%7} €°1%l+= 0.04 M NH.OH - HCl 20 mL& Y3 he
6C= wj AlZknttt 50 FHA 6A1ZF 5t 7Hd

@ *r3t4 ¥ H(Bound to organic and sulfides fraction) : @Al A EL EUA
2o 0.02 M HNO; 3 mLe pH 22 Z4d% 30% H.0, 5 mLE %3l heating block
ol 85TE 2417F 7+, Wzt & 30% H.0: (pH=2) 3 mLZ t] % il heating block
oA 85T= 341k 7. W7Zh & 20% HNOs7F £019+% 32M NHiOAc SmLE 9
THTE o&d HF 59 20 mLE 953 301wyt
® #F4 ¥ (Residual fraction) : @AM F& EUA R 4 mL HNO; 2
mL HCIO4, 15 mL HFE Y3 heating blockol Al 90Col A 9213t 140C el A 3A]%E,

al
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V., 23 % 3%

A F3tete A pHE &AL F23 o= 7FAtH(Fortescue, 1930). AMHAEUF A A
2 ofgf ] pH(NaF) = &7¥ 33| E 2 H| S E o] pH(H0) H(E
7} 46~83(55), 4.6~76(54), 4.8~83(B.17NC= & Zolg HolA FUth olF =2
2(1994)7F Bagt AFe Ede] Wit pH(YZH RS E 62, 924 3H4h3
E 54, &4 33 = 54, ZAE 559 vlasty St Ee] Aeols T #e
Holu} H|SIS|ES Zfol= A 29 Hi(1994) Rttt oFF vte Fhs Holw, T
g ESSAY 4 HAH A A9 3 6.6(34 T, 2005) BHop i oR e ghs
B

s EE el &4 Alel giHol Atk of wiitel S E= NaF &9&
Hotstd &4 Al 2getal = 471 (OH) ¢ Feobol wghyhg-o] dojuy & pH
S uYelA "k o] W82 allophane test®A o]&¥ o] w= FEA  Soil

rlo
N
N,

Taxonomy Andepts® + 23 7| (pH(NaF)>9.4)0. 2 %o QQuh(H 1, 1984). ¥ <
Tol ARER AA EFe pH(NaF)= 75~11.7 WH{(ET 1009 SloH,
pH(NaF)>94& 33 E9 #/7IF A& AMAESG T s Es 4270094~
11.7, "+t 10.9), vl gAFs| EE 2171(75~9.3, Hat 82)2 7= At

Eogol weh §71% $Fe] Aok W% Adh wEHAANE fo1% FY BT

_21_



da k@R 2,

B 37
Rt

EqEE PGt 25%~15.7% 7HA

E=

]

Aol AREE

2.7%°]a, 3}iks

1994).

Tt 8.1%),

3

BEgel f71% FFES 16~176%(%

A

e

K

T 36%)= s3] E 9

3

Dz

10.4%), 1.6~5.8%(

H| 3}2Es] Eofl ]

NR

o)
M

A YEFY . "Munsell

S

of we i

o))

&

2971,

28
A
A 1370, A 1A, FAADTA 3, A 20, FdDA, FHL, A

e
=

°]

=
=

Color Chart’

Ueidlen 27 EG2 AMHER E

17171 ol gtk iAo ® f7)E o)

S

=
=

22t 17)

24

A

_22_



Table 4. Physico—chemical properties of natural soil series collected in this study

Symbol Soil series pH Organic Soil color
H,0 NaF  matter(%) (Munsell color)

1 Gapa series' 7.8 89 45 - -

2 Gamsan series” 5.8 9.6 4.8 reddish black 25 YR 2.5/1
3 Gangjeong series’ 5.3 7.6 3.7 dark brown 75 YR 3/2
4 Gyorae series” 5.0 115 71 black 10 YR 2/1

5 Gueom series” 5.1 105 48 , ,

6 Gujwa series’ b.8) 116 5.3 " ”

7 Gunsan series” 4.7 9.6 5.3 ” ”

8 Geumag series” 51 9.9 8.0 " ”

9 Gimyeong series’ 5.6 11.2 6.4 very dark gray 10 YR 3/2
10 Nagcheon series’ 7.6 9.4 6.9 ” 5 YR 3/1

11 Namweon series” 4.9 11.5 12.8 black 10 YR 2/1

12 Noro series” 4.7 10.9 11.5 ” 5 YR 25/1
13 Nogsan series” 5.7 115 6.4 y ,

14 Nongo series” 4.8 113 4.8 " 10 YR 2/1

15 Daejeong series’ 5.7 8.2 g dark brown 75 YR 3/2
16 Daepyeong series’ 5.1 10.7 8.0 black 25Y 25/1
17 Daeheul series” 7.6 10.2 6.6 very dark gray 7.5 YR 3/1
18 Donggui series’ 5.6 10.2 4.8 black 5 YR 25/1
19 Donghong series’ 54 114 2.3 daﬂgrgiffis}‘ 5 YR 3/2

20 Mudeung series’ 6.0 8.0 3.2 dark brown 75 YR 3/2
21 Mureung series’ 54 9.3 34 very dark gray 10 YR 3/1
22 Miag series’ 5.6 11.2 16.1 black 10 YR 2/1
23 Minag series” 5.7 113 85 , ,

24 Byeongag series” 5.3 115 13.8 very dark brown 10 YR 2/2

12 represent non-volcanic soil and volcanic soil by means of classification of pH (NaF),
respectively.
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<Table 4 continued>

Symbol Soil series pH Organic Soil color
H,0 NaF matter(%) (Munsell color)
25 Sara series' 4.9 8.7 1.6 dark brown 75 YR 3/2
26 Sanbang series' 5.8 8.8 39 very dark gray 75 YR 3/1
27 Seogto series' 52 80 39 % 75 YR 3/2
28 Songdang series’ 54 11.6 12.3 black 10 YR 2/1
29 Songag series’ 4.9 lsin5) 16.8 " ”
30 Sineom series” 4.9 11.3 17.3 " ”
31 Ara series’ 9 LN 16.8 y ,
32 Aeweol series' 54 8.1 2.1 dark brown 75 YR 3/2
33 Yeongrag series' 5.2 8.4 3.7 " ”
34 Ora series' 5.7 7.9 4.1 brown 10 YR 4/3
35 Onpyeong series’ 1.5 10.1 94 very dark gray 10 YR 3/1
36 Yonggang series” 52 115 11.9 " ”
37 Yongdang series’ 5.2 75 35 darlgrgxl;]agish 10 YR 4/2
38 Yongsu series' 5.6 7.6 5.8 ey %a;l;)kwglrayish 10 YR 3/2
39 Yongheung series! 4.8 77 34 " ”
40 Udo series’ Crfal s 6.9 , y
41 Weolryeong series’ 5.4 5 3% dark brown 75 YR 3/2
42 Weolpyeong series' 6.2 79 35 " "
43 Wuimi series’ 52 11.3 11.4 black 10 YR 2/1
44 Ido series’ 4.8 9.8 9.9 very dark gray 10 YR 3/1
45 Tho series' 83 85 3.0 - -
46 Inseong series’ 53 95 7.4 black 75 YR 25/1
47 Jeogag series’ 55 114 11.0 very dark gray 10 YR 3/1
48 Jeju series’ 52 11.6 132 black 10 YR 2/1

L2 represent non-volcanic soil and volcanic soil by means of classification of pH (NaF),
respectively.
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<Table 4 continued>

Symbol Soil series ok Organic Soil color
H.0 NaF  matter(%) (Munsell color)
49 Jocheon series’ 5.3 10.1 114 ” "
50 Jungmun series' 51 79 35 dark brown 75 YR 3/2
51 Jungeom series' 4.8 8.5 48 " "
52 Jisan series’ 5.2 11.6 10.3 very dark gray 10 YR 3/1
53 Tosan series” 5.8 11.0 15.8 black 10 YR 2/1
54 Topyeong series” 5.1 il §7 16.9 ” ”
55 Pyeongdae series’ 4.8 11.3 14.0 ” "
56 Pyoseon series” 4.6 10.7 17.6 " "
57 Hamo series’ 5.8 10.9 9.6 very dark gray 10 YR 3/1
58 Haweon series’ 5.1 89 4.1 dark brown 7.5 YR 3/2
59 Hangyeong series’ 54 sl 25 125 black 10 YR 2/1
60 Hanrim series” W 114 155 ” ”
61 Haean series' 6.6 77 2.3 brown 10 YR 4/3
62 Haengweon series” 53 115 125 black 10 YR 2/1
63 Heunag series’ 4 10.7 125 " "

R ( )3 46~83 7h~117 16~176
ange (aver: - -
£ BT 55 1000 ®BD

Range (average) 46~76 94~117 23~176 ) .
(54)  (109)  (10.4)

48~83 75~93 16~58
Range (average)’ _ _

(B5.7) (82) (3.6)

L2 represent non-volcanic soil and volcanic soil by means of classification of pH (NaF),

. 3 4 5 . . . . .
respectively. ° are the values for total soils, volcanic soils and non-volcanic soils,
respectively.
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mg/kg), Se(0.529 mg/kg) > Be(0.345 mg/kg) > Cd(0.238 mg/kg) > Hg(0.146
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H A =5 Yeds As 9udtH(Tume 5, 2006).
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NPT MEAFE Wud A WEAF 425F R Te e 5



H
ﬁo
A

‘A

o]
b=

ﬁo
—_
o

M
Ho

i
ja!
Xfo

il

—

O

]_

= Wgo] s A7

¥

i3} v

o
i

Z:L
K=

5

%

=

Fx

Al

1
.

Astgom ol

=
T

g
o

_28_



Table 5. Concentrations of heavy metals in total natural soils of Jeju Island

(unit : mg/kg)

Heavy
Metal

As 0.44~29.87 6.14+5.77 423 5.40 5.11 5.07 0.940

Range AM'+SD? GM®  TM'10 TM20 Median CV°

Cd 0.120~0.450  0.238+0.081  0.225 0.235 0.233 0.225 0.340
Cu 3.7~65.8 20.1£124 16.9 18.8 184 185 0.617
Cr 17.3~181.0 73.4+30.9 67.0 1.7 70.9 67.1 0.421
Hg 0.010~0.374  0.146x£0.077  0.123 0.144 0.142 0.147 0.528
Ni 8.8~166.9 52.3132.1 44.8 494 46.9 44.6 0.614
Pb 6.9~38.6 14.4+4.3 139 14.0 139 13.8 0.299
Zn 26.6~161.9 33.3127.1 67.0 69.0 67.3 63.2 0.380
Ag 0.03~3.61 1.12+0.99 0.66 1.07 1.02 0.78 0.884
Ba 17.2~1053.0  492.7+315.7 3155 490.3 491.4 530.0 0.641
Be 0.001~0.768  0.345+0.223  0.221 0.342 0.340 0.350 0.641
Co 14.6~82.5 36.0£15.0 33.1 35.2 34.8 33.5 0.417
Mn  275.0~1895.0 729.5£300.6 6754 705.7 701.5 690.0 0.412
Mo 0.005~2.290  0.537£0.477  0.340 0.490 0.465 0.384 0.888
Se 0.019~1.677  0.529+0.364  0.389 0.507 0.497 0.429 0.688
Sb 3.20~19.60 8.99£2.92 8.54 8.84 8.81 8.90 0.325
Sn 0.04~4.38 1.15+1.05 0.74 1.07 1.00 0.79 0.913
Tl 0.003~0.478  0.096£0.089  0.061 0.086 0.080 0.073 0.927

\4 2716~182.9 87.0£27.5 82.9 85.4 85.1 83.5 0.316

1. . .2 . . .3 . .4 .
arithmetric mean; “standard deviation; “geometric mean; trimmed mean;
5 .. ..

coefficient of variation.
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Table 6. Concentrations of heavy metals in natural volcanic soils of Jeju Island

(unit: mg/kg)

Heavy

Metal Range AM'+SD*  GM® TM'10 TM20 Median CV°
As 0.49~29.87 6.61+5.52 4.73 5.78 547 5.52 0.835
Cd 0.125~0.450  0.247+£0.076  0.236 0.245 0.243 0.250 0.308
Cu 3.7~65.8 21.4+12.3 185 20.1 19.9 20.5 0.575
Cr 17.3~181.0 77.1+344 69.4 75.6 74.4 69.1 0.446
Hg 0.028~0.374  0.181+0.069  0.165 0.180 0.180 0.177 0.381
Ni 13.9~166.9 55.3+32.4 48.2 52.0 49.7 48.6 0.586
Pb 6.9~24.1 14.1+3.3 13.7 14.0 138 13.8 0.234
Zn 26.6~161.9 75.2+27.1 70.9 72.8 71.2 69.4 0.360
Ag 0.03~3.61 1.24+1.08 0.70 1.19 1.14 0.88 0.871
Ba 20.7~1053.0  561.4+323.1  362.3 564.6 573.9 602.5 0.576
Be 0.001~0.768  0.333+0.240  0.188 0.328 0.325 0.289 0.721
Co 14.6~70.5 37.0+14.1 34.3 36.4 36.1 34.6 0.381
Mn  275.0~1895.0  677+£290.1 627.4 654.3 647.6 622.5 0.428
Mo 0.005~1.801  0.545+0.456  0.327 0.509 0.484 0.411 0.837
Se 0.045~1.316  0.602+0.333  0.595 0.589 0.589 0.589 0.553
Sb 3.20~16.28 8.91+2.69 8.48 8.86 8.86 9.19 0.302
Sn 0.04~4.38 1.17+1.14 0.70 1.08 1.00 0.79 0.974
Tl 0.003~0.317  0.078+0.075  0.049 0.070 0.064 0.058 0.962
\4 2716~1829 88.5+26.4 84.4 87.8 88.2 91.3 0.298

larithmetric mean; “standard deviation; 3geometric mean; ‘trimmed mean;

°coefficient of variation.
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Table 7. Concentrations of heavy metals in natural non-volcanic soils of Jeju

Island
(unit: mg/kg)
Heavy 1 2 3 4 . 5
Metal Range AM +SD GM TM10 TM20 Median CV

As 0.44~20.30 5.20+4.94 3.38 4.66 4.36 4.21 0.950
Cd 0.120~0.425  0.221+£0.089  0.205 0.215 0.211 0.180 0.403
Cu 5.0~55.6 17.5+12.6 14.2 16.2 15.3 13.2 0.720
Cr 28.3~108.1 65.9+21.0 62.4 65.7 66.0 63.1 0.319
Hg 0.010~0.143  0.077+£0.033  0.068 0.077 0.076 0.077 0.429
Ni 8.8~1284 46.5+31.2 38.7 44.1 41.1 35.8 0.671
Pb 10.1~38.6 14.9+6.0 14.2 139 13.8 139 0.403
Zn 27.0~140.3 63.5+23.5 59.9 61.3 60.5 59.5 0.370
Ag 0.11~2.49 0.89+0.77 0.57 0.85 0.81 0.60 0.865
Ba L7 P74729:0 @, (35013525015 23983 353.4 350.6 252.0 0.720
Be 0.056~0.684  0.368+0.187  0.303 0.368 0.373 0.394 0.508
Co 14.7~82.5 34.2+16.9 30.9 32.7 32.2 21.2 0.494
Mn  3875~1575.0 833.1+301.0 782.8 817.5 811.6 755.0 0.361
Mo 0.099~2.290 0.521+0.528  0.365 0.452 0.421 0.336 1.013
Se 0.019~1.677 0.381+0.388  0.250 0.332 0.310 0.253 1.018
Sb 4.63~19.60 9.17+£3.40 8.68 8.86 8.72 8.15 0.370
Sn 0.16~2.95 1.11+0.89 0.82 1.07 1.01 0.78 0.802
T1 0.013~0.478  0.131+£0.107  0.097 0.118 0.113 0.106 0.817
\4 45.6~174.0 84.0+30.0 79.9 81.3 79.8 75.8 0.358

1. . .2 c . .3 . .4 .
arithmetric mean; “standard deviation; “geometric mean; trimmed mean;
“coefficient of variation.
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Table 8. Comparison of heavy metal concentrations in natural soils in this study with those in foreign countries

Region Concentration (mg/kg), Range(arithmetric mean) Pretreatment method .
(Country) As Cd Cu Cr Hg Ni Pb 7n Ag Ba '
| |044-29.87 0.120-0450 37-658 17.3-1810 0.010-0374 881669 6.9-336 26.6-1619 003-361 17.2-1053
. (6.14) 0238 (20.1) (73.4) (0.146) (52.3) (14.4) (71.3) (1.12) “93) | e
Jeju o | 0:49-2987 0125-0.450 37-658 17.3-18L0 0.028-0.374 139-1669 69241 266-1619 0.03-361 20.7-1053 lcr.‘;t“g‘{\fo‘j‘/sflﬁ)e This
Island 661)  (0247) (214 (771 (018D  (553) 141 (B2 (124 (56D) N estion study
4 [044-20.30 0.120-0.425 50-556 28.3-1081 0.010-0143 88-1284 10.1-336 27.0-1403 0.11-249 17.2-729 ges
(5.20) 0221)  (175) (65.9) (0.077) (465) (14.9) (635) (0.89) (355)
Digestion with a Keleper—
Susaki 5-104 ) 11-63  163-2346 4 183-2665  5-256  21-604 b 48-218 |  mixture of HF, e
(Greece) (22) (23) (920) (994) (33) (95) (125) HNO;, HCI and SIS ¢
Heo al.(2001)
4
Reunion igesti i
(Indian |2 ) ) 65-164 35-1108 0.03-081 15-1038 1 57-398 - ) m.zlgeSt;‘;“HV;“;I;O, Doelsch el
a (58) (300) 0.19) (206) (162) 1xiure ot b7, 31 al. (2006)
Ocean) and HCIO4
Sant A . . .
Climent |3 ) ) 176-110 20.1-342.8 \ 188-272.2 7.8-143.3 7.2-276.8 . 174.2-606 | Digestion with aqua | Tume et
men (37.7) (51) (50) (52) (69) (305) regia al.(2006)
(Spain)
Auckland |2 20-90  3-125 4-320 54-1160 A digesti /;“l.‘la“‘f
(New 04-12  <0.1-0.65 <0.03-0.45 <15-65 s 8-350 icrowave digestion |- legiona
(US EPA 3051a) Council
Zealand) |3 1-45 2-55 09-35 9-180
(2001)
Oslo <3-696 0.06-310 476-437 285224 <001-230 223-232 5-1000 229-1150 ) EX“S‘CS.O“ Zv.lth 5.1;103 Tijhuis et
(Norway) (5.38) 042 (323 (31.4) (0.136) (27.6) (58.1) (162) and digeston With 1 o1 (o002)
autoclave
Califonia |, | 0.6-110 005170 9.1-964 23-1579  010-090  9-509 143-1079 88-236 0.10-830 33-1400 m_DtlgeS“‘lj“HVgl“;I;O, Brat‘df‘frd
(USA) (35) (0.36) (28.7) (122) (0.26) 57) (48.5) (149) (0.80) (509) | uan(:j el s <e19<?6')

'Concentrations of heavy metals in total natural soils of Jeju Island collected in this study; %3Concentrations of heavy metals in natural
volcanic and non-volcanic soils of Jeju Island collected in this study or foreign countries, respectively.
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<Table 8 continued>

Concentration (mg/kg), Range(arithmetric mean)

Region Pretreatment -
el.
thod
(Country) Be Co Mn \% metho
1 [0001-0.768  146-825  275-1895  0.005-2.290 0.019-1.677 27.6-182.9
(0.345) (36.0) (730) (87.0) )
) Microw ave
Jeju 0.001-0.768 146-70.5 275-1895 0.005-1.801 0.045-1.316 27.6-182.9 assisted This stud
Island (0.333) (37.0) (678) (885) | acid(HNOy/HF) 15 Sty
0056-0.684 147-825 388-1575 0.059-2.290 0.019-1.677 156-1740 | dieestion
(0.368) (34.2) (833) (84)
) Digestion with
Susaki B 12-124  456-1434 21-84 | a mixture of | Kelepertsis
(Greece) (54) (831) (46)  |HF, HNOs, HCl| et al.(2001)
and HCIO,
Sant
Climent B B 3 7.2-276.8 | Digestion with Tume et
(84.5) aqua regia al.(2006)
(Spain)
Auckland |2 10-170 15-370 Microwave Auckland
. digestion . .
(New 0.4-12 10-2500 ) Regional Council
Zealand) 13 0.2-35 8-160 (US EPA # (2001)
calan 3051a)
o Digestion with
Califonia 0.25-270  2.7-469  253-1687 39-283 a mixture of | Bradford et al.
(USA) (1.28) (14.9) (646) (112) | HF, HNO; and (1996)
HC1

'Concentrations of heavy metals in total natural soils of Jeju Island collected in this study; *3Concentrations of heavy metals in natural
volcanic and non-volcanic soils of Jeju Island collected in this study or foreign countries, respectively.
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Table 9. Comparison among pretreatment methods extracting

soils and their conditions

heavy metals from

Pretreatment method

Condition P : : : :
Acid dissolution Digestion Wlth aqua US EPA 3052
method regia
Sample 100 g 30 g 10 g
amount
B HCI 21 mL HNOz 9 mL
Regent 0.1 N-HCl HNOs 7 mL HF 3 mL
Method . e 2 hr at room Temp. .
Process 30C, 1 hr stirring b ¥ heat TR 1757C
Apparatus Shaker Reflux Microwave
Process time 1hr Shr 1hr

2.1~500 (38 17.3v1), 1.1~458 (B 2.290), Cr& 2H2h 223~19680u] (38 - 2237HH),
0.7~1.8w (B 1.2v}), Cue 44 27 1.8~123691 (3 1589)), 0.7~10.7%H (B¢ 1.8
2.8~129609 (33 ¢ 4534l), 0.8~14.4vf(H++ 1.3w), Pb= 747t
45~3225¥ (3 v 165¥)), 0.7~2.18)(B 1.4w), Zne z+Z

W), Nie 2z 7%

37~1314H (B 33HN),

09~17W (BT 1202 EFe] Beasts 44, FH5e FFol mep 2 Aol
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Fig. 3. Comparison of heavy metal concnetrations with pretreatment method

for the soils used in this study.
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Table 10. Correlation coefficient (r) of heavy metal concentrations with

soil properties in natural total soils of Jeju Island

As Cd Cu

Cr

Hg

Ni Pb Zn Ag Ba

Be Co Mn Mo Se Sb Sn Tl Vv

pH(H20) -0016 0114 -0055 0048 -039" 0523" -0.243 -0.165 0.026 -0.136

pH(NaF) 0103 0.091
Organic
Matter(%)

0232 0121 0666
0036 0163 0231 0134 0425"

0097 -0.116 0191 0064 0.329"

0044 -0.085 0229 0057 0221

-0.042 0499 0249 0.007 -0434" -0.007 0.083 -0.082 -0.103
-0.136 0.066 -0.203 -0.072 0403" 0.046 -0.105 -0419" 0.157

-0.152 -0.069 -0.120 -0.080 0.264° -0.092 -0.106 -0.351" -0.062

Table 11. Correlation coefficient (r) of heavy metal concentrations with

soil properties in natural volcanic soils of Jeju Island

As Cd Cu

Cr

Hg

Ni Pb Zn Ag Ba

Be Co Mn Mo Se Sb Sn Tl Vv

pH(H20) 0048 0212 -0266 0240 -0.265 0634 -0.315° -0.063 -0.044 -0.09%5
pH(NaF) -0023 -0040 0238 -0.025 0272 -0.179 -0.080 -0.070 -0.174 0.150

Organic
Matter(%)

-0029 0049 0212 0049 -0.047 -0.063 -0.033 0.147 -0.088 -0.001

-0.053 06017 0.337° -0.187 049" -0.111 -0.112 -0.116 -0.107
-0.162 -0.088 -0.018 -0.288 0.381" 0.276 -0344" -0387" 0.249

-0.161 -0.211 0.052 -0174 0109 -0.129 -0.190 -0.302 -0.188

Table 12. Correlation coefficient (r) of heavy metal concentrations with soil

properties in natural non-volcanic soils of Jeju Island

As Cd Cu

Cr

Hg

Ni Pb Zn Ag Ba

pH(H20) -0070 0.066 0331

pH(NaF) 0068 -0.284 0.186
Organic

Matter(%0) -0480" 0415 0.104

-0.287 056" 0472 -0.229 -0264 0293 -0.061
-0.302 0220 0.339

0121 0304 -0.249 0.024

-0.364 028 -0.143 -0.131 -0.025 -0.016 0.174

Be Co Mn Mo Se Sb Sn Tl A\
-0.073 0435° 0031 0275 -0332 0.098 0493 -0.175 -0.067
-0.130 0.109 0.190 -0.033 0255 0.010 -0.102 -0.467" 0.087
0.010 -0.183 0310 0.015 0113 0.099 -0.096 -0.171 -0.131

“Correlation is significant at
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Table 13. Correlation coefficients (r) among heavy metals in total natural soils of Jeju Island

As Cd Cu Cr Hg Ni Pb Zn Ag Ba Be Co Mn Mo Se Shb Sn T1 A\

As 1.000

Cd -0.081 1.000

Cu -0.086 0.315° 1.000

Cr -0.069 0.115 0.056 1.000

Hg 0029 0137 0.216 -0.010 1.000

Ni -0283" 0.099 0.038 0.459” -0.095 1.000

Pb -0.019 0109 -0.036 0.000 0.112 -0.143 1.000

Zn 0146 0.022 03757 0.006 0.252° -0.094 -0.005 1.000

Ag -0286" 0.047 0.029 -0.112 0.068 -0.052 0.122 0.061 1.000

Ba 0.404™ -0.056 -0.045 -0.087 0.166 -0.264" -0.125 0.154 -0.040 1.000

Be -0.063 -0.063 0.099 0.123 -0.035 -0.104 -0.113 0.003 0.295" 0.064 1.000

Co -0.063 -0.041 0.191 0.316" -0.067 0.495" -0.181 0.236 -0.008 -0.069 0.209 1.000

Mn 0.040 0.029 0.063 -0.068 -0.066 0.015 -0.104 0.142 -0.199 0.008 -0.002 0.259" 1.000

Mo -0.221 0058 0.127 0.073 0.008 0.164 0.022 -0.090 0.377" -0.136 0.458" 0.103 -0.125 1.000

Se -0.064 0032 0.194 -0.024 0.458™ -0.136 0.087 0.197 -0.029 0.124 0.037 0.132 -0.118 0.156 1.000

Sb 0.085 -0.049 0332 0224 0.100 -0.074 0.033 0.292° -0.062 0.119 0.439" 0.648™ 0.241 0.114 0.419" 1.000

Sn -0.170 0.056 0.231 0.031 -0.001 0.153 -0.024 -0.006 0.482" -0.072 0.546™ 0.129 -0.081 0.867" 0.009 0.109 1.000

TI -0.055 0005 -0.128 0.127 -0.245 -0.112 0.161 -0.243 0.190 -0.168 0.452" -0.209 -0.162 0.385" -0.241 -0.021 0.528" 1.000
V 0012 -0.070 0.294° 0.395™ 0.200 0.096 0.073 0.280° -0.048 0.047 0.401™ 0.654™ 0.095 0.217 0.463" 0.878" 0.165 0.011 1.000

“Correlation is significant at the 0.05 level; ““Correlation is significant at the 0.01 level
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Table 14. Correlation coefficients (r) among heavy metals in volcanic soils of Jeju Island
As Cd Cu Cr Hg Ni Pb Zn Ag Ba Be Co Mn Mo Se Shb Sn T1 A\

As 1.000

Cd 0.007 1.000

Cu -0103 0219 1.000

Cr -0.091 023 0132 1.000

Hg -0.067 -0.002 0219 -0.191 1.000

Ni -0291 0273 0057 0566~ -0.272 1.000

Pb -0014 0.139 0055 0059 0.306° -0.277 1.000

Zn 0.134 0.118 0465™ 0.038 0.203 -0.091 0.140 1.000

Ag -0256 -0.058 -0.030 -0.185 -0.041 -0.212 0.240 0.138 1.000

Ba 0400™ -0.071 -0.065 -0.114 -0.051 -0.336" 0.009 0.011 -0.020 1.000

Be -0.108 -0.189 0.081 0.175 0.050 0.069 0.087 -0.060 0.471" 0.014 1.000

Co -0.157 0.148 0.284 0473™ -0.064 0.682" -0.101 0.116 -0.040 -0.299 0.220 1.000

Mn 0003 0032 0257 0052 0121 0141 -0.050 0205 -0.081 0.064 -0.072 0.324" 1.000

Mo -019 -0108 0182 0174 0030 0.147 0.048 -0.047 0.342° -0.152 0.644” 0.118 -0.060 1.000

Se -0152 0164 0336° 0.000 0.499” -0.179 0.190 -0.051 -0.104 -0.055 0.092 -0.033 -0.137 0.118 1.000

Sb 0.019 0.017 0481" 0409 0336° 0.090 0262 0223 0.036 0.009 04617 05717 0.128 0.261 0451" 1.000

Sn -0.148 -0.063 0267 0.060 0028 0.127 0014 0.108 0.452" -0.078 0644 0.128 0.032 09117 0.028 0211 1.000

Tl 0.002 -0.075 -0.106 0.160 -0.092 0.087 0.131 -0.112 0.262 -0.084 0539 -0.117 -0.100 0.737" -0.151 0.038 0.737" 1.000
V  -0056 0076 0452 05277 0326° 0218 0.249 0.125 -0.016 -0.102 0.441" 0542 0.070 0.362" 0425 0908 0276 0.199 1.000

“Correlation is significant

at the 0.05 level; “Correlation is significant at the 0.01 level
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Table 15. Correlation coefficients (r) among heavy metals in non-volcanic natural soils of Jeju Island
As Cd Cu Cr Hg Ni Pb Zn Ag Ba Be Co Mn Mo Se Shb Sn T1 A\

As 1.000

Cd -0.340 1.000

Cu -0.114 0436° 1.000

Cr -009% -0311 -0.296 1.000

Hg -0034 0242 -0.053 0.046 1.000

Ni -0337 -0.270 -0.061 0.068 -0.126 1.000

Pb -0004 0116 -0.113 -0.063 0.154 0.022 1.000

Zn 0.100 -0.280 0.099 -0.305 -0.042 -0.212 -0.157 1.000

Ag -0513° 0221 0101 0045 -0120 0.332 0.013 -0.353 1.000

Ba 0358 -0.206 -0.183 -0.309 -0.030 -0.294 -0.286 0.361 -0.383 1.000

Be 0116 0255 0191 -0.018 -0.157 -0.543" -0.449" 0.264 -0.270 0.350 1.000

Co 0.100 -0.355 0.009 -0.108 0570 0.154 -0.253 0.455° 0.018 0320 0223 1.000

Mn 0241 0135 -0.192 -0.284 0.170 -0.140 -0.226 0.202 -0.409 0.164 0.109 0.237 1.000

Mo -0300 0302 0028 -0.219 -0.162 0.193 0.002 -0.206 0.502° -0.155 0.071 0.077 -0.231 1.000

Se 0.001 -0.282 -0.144 -0.316 0.022 -0.192 0.051 0571 -0.029 0.247 -0.003 0325 0.094 0213 1.000

Sb 0241 -0.125 0.127 -0.179 -0.339 -0.338 -0.180 0.490" -0.271 0.416 0.423 0.770" 0.412 -0.088 0.453  1.000

Sn -0260 0316 0138 -0.116 -0.314 0.217 -0.077 -0.386 0.603" -0.106 0.235 0.133 -0.354 0.814™ -0.060 -0.091 1.000

T1 -0072 0205 -0073 0292 -0.123 -0.331 0.155 -0.363 0.265 -0.110 0.341 -0.286 -0.460° 0.007 -0.205 -0.116 0.298  1.000
A\ 0.134 -0.328 -0.003 0.039 -0.222 -0.158 -0.084 0597 -0.182 0313 0.356 0.819™ 0.201 -0.012 0519 0.854" -0.088 -0.174 1.000

“Correlation is significant at the 0.05 level; ““Correlation is significant at the 0.01 level
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Appendix 1



Appendix 1. Heavy metal concentrations in each soil series of Jeju Island(unit : mg/kg)

Soil Series As Cd Cu Cr Hg Ni Pb Zn Ag Ba Be Co Mn Mo Se Sb Sn Tl1 V
1 GAPA 156 0425 556 319 0.081 588 11.8 439 173 770 0350 285 9950 0.790 0.063 890 2.15 0.099 456
2 GAMSAN 1410 0150 10.8 50.1 0.132 403 88 780 0.05 697.0 0.001 182 3925 0.005 0.063 3.20 0.04 0.097 276
3  GANGJEONG 253 0300 132 623 0.08 452 386 428 089 180.0 0.129 206 5175 0420 0207 743 118 0.237 725
4 GYORAE 392 0280 319 91.8 0146 59.3 159 687 0.69 601.0 0.181 488 4625 0.466 0.676 10.68 1.10 0.120 108.7
5 GUEOM 202 0225 214 776 01838 370 199 658 219 40.7 0674 43.0 4400 0681 0.937 1063 154 0.087 1104
6 GUJWA 192 0.250 36.0 181.0 0.246 1200 165 857 069 267 0199 654 460.0 0.885 1.021 16.28 1.58 0.089 1829
7 GUNSAN 507 0330 205 656 0252 446 241 752 135 639.0 0.150 265 2750 0.700 0.799 930 1.25 0.142 96.9
8 GEUMAG 230 0280 229 805 0197 483 133 1273 045 340.0 0.203 26.1 8775 0.407 0501 753 097 0.113 86.1
9 GIMYEONG 490 0.250 30.7 831 0296 50.1 137 750 047 6040 0.159 40.4 18950 0.531 0.989 10.20 0.79 0.090 111.3
10 NAGCHEON 264 0.200 7.1 747 0028 1495 69 450 020 20.7 0.042 705 870.0 0.384 0.184 428 1.06 0.019 48.2
11  NAMWEON 130 0275 36.2 100.6 0.168 628 122 653 192 239 0664 422 4725 0.768 1.183 1050 1.55 0.086 1118
12 NORO 1.15 0.340 232 704 0209 359 150 659 176 243 0507 345 3675 0676 1.282 11.15 1.49 0.094 90.6
13 NOGSAN 12.19 0.380 222 897 0190 455 11.7 61.7 043 9240 0.198 32.8 5575 0502 0.685 9.08 0.70 0.076 111.3
14 NONGO 10.83 0.350 3.7 173 0198 233 128 495 0.26 10530 0.124 14.6 3150 0.339 1.090 683 0.50 0.055 62.9
15  DAEJEONG 1096 0.180 7.0 833 008 280 160 46.8 035 2170 0.177 32.7 13350 0.216 0427 12.13 0.46 0.076 83.4
16 DAEPEONG 2987 025 930 410 0192 167 170 4273 0.190 875.0 0.205 173 5525 0.268 0589 6.70 0.42 0.062 62.05
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<Appendix 1 continued>

SoilSeries As Cd Cu Cr Hg Ni Pb Zn Ag Ba Be Co Mn Mo Se Sb Sn TlI V
17 DAEHEUL 730 0360 83 984 0173 836 161 692 330 928.0 0615 521 8325 0236 0.381 10.33 1.17 0.126 96.9
18 DONGGUI 591 0160 21.0 646 0.102 502 174 1150 3.03 938.0 0.748 54.5 910.0 0439 0.217 12.28 1.41 0.045 98.2
19 DONGHONG 730 0.140 232 549 0209 354 138 653 225 8180 0594 476 4975 0414 0274 11.33 1.03 0.051 112.1
20  MUDEUNG 1052 0230 57 59.0 0.071 31.7 160 270 0.60 205.0 0311 27.2 1095.0 0.281 0.260 7.60 0.62 0.197 63.6
21  MUREUNG 232 0180 170 737 0.084 523 166 645 031 3130 0466 250 755.0 0428 0375 7.40 084 0.156 84.2
22 MIAG 556 0250 24.7 110.7 0.157 1153 169 579 0.27 905.0 0455 458 880.0 0.380 0.720 10.30 0.68 0.055 106.3
23 MINAG 049 0200 263 664 0374 580 141 695 027 400 0491 51.3 7575 0.624 0513 1153 0.72 0.023 104.2
24  BYEONGAG 1442 0250 296 650 0189 489 105 644 0.29 446.0 0438 525 5825 0564 1.316 13.78 0.79 0.040 122.1
25 SARA 13777 0.150 123 60.2 0.097 21.8 157 96.8 0.17 249.0 0461 175 750.0 0.336 0.382 4.63 0.78 0.146 58.6
26 SANBANG 507 0120 229 283 0.029 240 138 1403 0.23 714.0 0502 825 1075.0 0.427 1.677 1960 055 0.013 174.0
27 SEOGTO 3.37 0150 102 1081 0.059 406 11.1 573 0.1 252.0 0308 27.2 7025 0.161 0.171 815 0.29 0.106 70.0
28 SONGDANG 529 0175 144 1290 0.147 569 133 266 0.28 939.0 0.352 257 7275 0.268 0.776 945 0.27 0.052 75.1
29 SONGAG 586 0225 205 938 0128 40.7 115 741 0.07 10270 0.326 22.8 3350 0.254 0.651 7.98 0.24 0.033 835
30 SINEOM 587 0275 295 1481 0178 645 135 767 0.15 953.0 0.381 36.0 6125 0298 0.813 953 0.73 0.037 100.2
31 ARA 2725 0.250 29.1 119.0 0.160 434 155 1619 020 608.0 0.253 525 9225 0.170 0.372 1350 0.10 0.021 1174
32 AEWEOL 20.30 0.150 265 63.1 0.055 358 159 69.0 016 6480 0487 557 930.0 0.223 0.253 14.63 090 0.099 1255
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<Appendix 1 continued>

SoilSeries As Cd Cu Cr Hg Ni Pb Zn Ag Ba Be Co Mn Mo Se Sb Sn TlI V
33  YEONGRAG 514 0200 130 916 0136 385 105 716 0.26 699.0 0567 463 9775 0279 0.289 1243 0.62 0.132 131.7
34 ORA 441 0200 418 655 0.062 355 129 656 0.20 234.0 0394 17.6 400.0 0.244 0.172 8.15 0.33 0.110 70.8
35 ONPYEONG 197 0450 6.6 1427 0.100 1669 9.7 573 0.03 319 0.180 658 690.0 0366 0.137 6.13 0.18 0.019 73.0
36 YONGGANG 228 0125 223 306 0297 648 123 975 017 566.0 0443 33.0 6325 0332 0.893 10.10 0.45 0.047 93.6
37 YONGDANG 263 0275 213 745 0.062 164 125 595 1.87 399.0 0553 256 3875 0239 0.134 950 154 0478 758
38 YONGSU 421 0325 50 347 0077 88 101 773 0.37 649.0 0554 34.3 1575.0 0.373 0.189 11.45 0.45 0.066 76.5
39 YONGHEUNG 451 0370 228 61.3 0.103 31.3 139 760 0.17 596.0 0478 19.7 9825 0253 0.221 6.90 048 0.077 61.3
40 UDO 16.81 0.200 195 90.1 0176 61.1 127 734 1.02 455.0 0.701 34.7 7575 1299 0.045 895 3.81 0.317 105.2
41 WEOLRYEONG 3.77 0.180 52 90.6 0050 346 11.1 404 155 4170 0580 335 655.0 0.749 0.704 955 236 0315 79.7
42 WEOLPYEONG 0.44 0325 276 792 0.071 446 112 557 159 653 0684 482 780.0 1.307 0.124 995 295 0.121 1125
43 WUIMI 398 0170 248 770 0138 653 125 486 143 842.0 0589 335 4925 1.801 0.767 945 3.14 0.147 1005
44 IDO 318 0150 133 741 0152 439 152 708 1.75 407.0 0587 19.7 660.0 1504 0559 6.53 3.60 0.227 709
45 IHO 531 0125 6.8 483 0.010 1232 105 438 1.16 694.0 0.262 53,5 620.0 1.285 0.019 7.18 2.86 0.070 63.6
46 INSEONG 488 0200 16.2 1256 0.056 522 147 530 217 7050 0.768 443 7250 1.732 0.173 10.23 3.18 0.245 102.6
47 JEOGAG 547 0200 240 504 0252 581 82 703 242 899.0 0568 49.2 10725 0992 0547 1098 3.05 0.070 92.0
48 JEJU 313 027 114 671 0162 91.0 152 703 249 209.0 0549 275 5725 1.112 0284 6.58 296 0.295 81.8
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<Appendix 1 continued>

Soil Series As Cd Cu Cr Hg Ni Pb Zn Ag Ba Be Co Mn Mo Se Sb Sn Tl V
49 JOCHEON 574 0375 658 51.3 0261 590 136 1604 256 685.0 0427 456 885.0 1.272 0.995 1048 4.38 0.065 93.9
50 JUNGMUN  0.77 0300 129 579 0087 553 19.0 572 218 663 0239 263 6125 2290 0983 7.73 243 0.129 857
51 JUNGEOM 6.17 0175 146 482 0.143 325 146 594 152 729.0 0.104 147 5950 0457 0.806 548 091 0.035 57.2
52 JISAN 567 0125 185 179 0231 139 143 59.1 128 6480 0.077 34.1 7850 0.243 0.859 8.05 059 0.016 83.2
53 TOSAN 599 0300 175 678 0275 258 225 828 0.78 556.0 0.038 381 1115.0 0.068 0.640 7.75 0.16 0.004 67.9
54  TOPYEONG 512 0375 59.7 599 0.095 688 138 829 0.38 511.0 0.020 358 1070.0 0.045 0.277 7.30 0.30 0.003 70.9
55 PYEONGDAE 462 0225 102 427 0164 258 140 443 029 530.0 0.019 274 7175 0.032 0412 793 0.04 0.005 80.6
56 PYOSEON 060 0200 175 521 0190 326 168 744 295 430 0.214 221 480.0 0.816 0.58) 598 098 0.061 62.6
57 HAMO 588 0250 145 466 0.050 314 122 642 283 4950 0.139 295 8425 0.137 0.209 7.20 0.33 0.033 62.3
58 HAWEON 065 0150 104 687 0.125 1284 16.0 699 0.87 172 0.069 26.3 1100.0 0.059 0.466 6.28 0.16 0.019 73.3
59 HANGYEONG 6.20 0225 10.7 588 0183 330 121 963 098 4980 0.050 185 565.0 0.006 0.405 455 0.11 0.008 54.7
60 HANRIM 6.13 0175 191 479 0.147 337 110 688 1.86 514.0 0.075 20.6 3875 0.044 0.388 4.95 0.22 0.013 51.0
61 HAEAN 083 0125 163 943 0.040 883 146 682 249 409 0.056 551 6550 0124 0.084 755 053 0.062 94.6
62 HAENGWEON 595 0250 158 91.8 0173 389 153 130.8 2.30 824.0 0.001 31.2 5925 0.251 0429 793 054 0.021 619
63 HEUGAG 6.71 0275 105 650 0243 260 155 66.7 3.61 690.0 0.587 20.5 4250 0570 0.664 6.75 1.19 0.073 804
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