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SUMMARY

This study was carried out to find out the cause of high nickel(Ni) content
in the volcanic ash soils of Jeju Island, including cupper(Cu) and zinc(Zn),
which is presented at Chapter I. The principal component analysis with
chemical components of soil and rock samples and their correlation between
the components were conducted at Chapter Il. Finally, the transfer of Ni, Cu,
and Zn within plant according to their adsorption to soil was studied.

For Chapter I, soil samples were collected from 4 series of Alfisols, 35
series of Andisols, 9 series of Entisols, 16 series of Inceptisols, and 1 series of
Ultisols. Parent material (gravel) samples were also collected from the same
sites where soil samples were taken. Both soil and parent material samples,
rocks were analyzed for Ni, Cu, and Zn, including other chemical components.

The average Ni content of all soil samples was 79.2 mg kg', which
exceeded the warning standard of Ni specified in the Soil Environment
Conservation Act of Korea. But the Cu content was 108 mg kg" on average,
which was a third lower than the criteria.

By soil orders, the Ni contents were largest as 109.5 mg kg’1 in Entisols,
but the other soils except Ultisols having just one sample ranged from 68.7 to
784 mg kg”. Especially, Andisols occupying 76.6% of Jeju soil area contented
Ni 784 mg kg' as Ni which was twice as much as the criteria for good
agricultural practice(GAP). However, the contents of Cu and Zn in the soil
samples were similar, regardless of soil order.

For the rocks including gravel, nickel contents in Seongsan Formation(SSF),
Cinder cone(C) and acicular Feldspar Olivine Basalt(FOB) were high, while
those in Feldspar Basalt(FB) and Trachy Andesite lava(TA) were low. In
addition, the subsoil Ni content tended to be 5.4 ~50.5% higher than that of

top soil. On the contrary, Cu contents were low as 28.0 mg kg  for the
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Entisols, compared to the range of 389 ~ 428 mg kg’ for the other soils
orders. The topsoil/subsoil ratios for Ni content in all the soil samples
excluding Entisols were 1.14 ~1.63, indicating that the Ni have derived from
the parent rocks.

By soil colors, the soil having the largest Ni was from black cinder cone
which was as much as 1281 mg kg’l, compared to other soils soils, being
twice as much as the very dark brown volcanic ash soils. The Ni contents of
the black cinder cone soil was three times larger than the prevntive criteria,
and being larger than the enforcement criteria 100 mg kg'. In addition, the
Ni contents for the mountain soil, black volcanic soil, very dark brown
volcanic soil, and red-yellow non-volcanic soil were also larger than the
preventive criteria. In total, the Ni average contents of the subsoil were larger
than those of the topsoil. Furthermore, in the red-yellow non-volcanic soil
the contents of subsoil was surveyed to be 25% larger than that of topsoil.

By land use patterns, the topsoil/subsoil ratios for Ni content were 0.95
which the subsoil contents were larger, irrespective of land use pattern. Those
of Cu in mandarin orchard averaged 1.23, indicating the clear accumulation in
the topsoil, but those of the other soils were similar. Furthermore, those of
Zn in mandarin orchard averaged 2.28, indicating the clearer accumulation in
the topsoil, but the forest and grass soils contented larger amount in the
subsoil.

For Chapter II, using the principal component analysis with chemical
component contents of soil and rock samples collected on 65 locations, author
tried to investigate the origin of soil Ni in Jeju island. The chemical property
variables could be reduced from 14 variables to 4 principal components which
can explain 739 % of total variation. We can get a regression equation
constituted 3 principal components by backward stepwise regression analysis.
The result shows soil Ni content is related to rock Ni, soil Mg, Fe and Mn

contents significantly.



Chapter III was conducted to elucidate the residual patterns of Ni, Cu and
Zn, in the soils and their bioavailability to Pakchai (Brassica campestris var.
chinensis) in volcanic ash soils in Jeju Island employing the sequential
extraction scheme. Fractionation patterns of their components by sequential
extraction method were various according to soil types, which made it
possible to distinguish each soil type.

In case of cultivating Pakchai in the several soils having various heavy
metals, the Cu, and Zn were transfered from root to shoot, but the Ni was
not detected in the shoot, indicating different transfer properties from Cu and
Zn. There were a little significant correlation coefficients between fractional
contents in soil and in plants of trace elements except exchangeable Zn. It is
needed to develop novel methods for the assessment soil Ni in relation to
plant uptake because of poor corelation.

With a view to risk assessment relating to metal component absorption,
two steps of soil to plant and plant to human body have to be examined,
because the uncertainty for the each step exists, preferably establishing the
criteria for the plant rather than that of each step, soil and plant, is suggested
to be a solution.

On conclusion, the cause of larger Ni content in Jeju volcanic ash soil is to
be derived from parent material, rock. Moreover, the Ni content was studied
not to be transfered and absorbed into shoot of plant Pakchoi. Therefore, in
order to certify the quality fo environment friendly agricultural products and
GAP, it requires to be reviewed to apply the warning standard of Ni specified

in the Soil Environment Conservation Act of Korea.
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Fig. 1. Sampling sites and numbers of representative soil
series in Jeju island.
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Table 1. Descriptions of soil samples and sampling locations.

o:dotielrs soil series coslooi ; land use alt(i:ru])de latitude longitude sallrgle

Alfisols Mureung RYS upland 69 33°17709"N 126"13'05”E 10
Gangjeong RYS upland 20 3316'46”"N 12610°'38”E 11
Donghong RYS upland 34 33°31"19”N 126°36’46”E 14
Yongheung  RYS orchard 58 3314'19’N 1262901”E 30

Andisols Hanrim VDBVS  herbaceous 11 33"1401”"N 12614'05”E 20
Inseong VDBVS upland 33 33°14'15"N 1261702”E 21
Ara VDBVS  orchard 196  33°1546”"N 12627'58"E 34
Gujwa VDBVS forests 239 33°2850”"N 126°42'20"E 43
Jeju VDBVS herbaceous 347  33°2622"N 12628'29"E 44
Jungeom VDBVS  herbaceous 352 3320124"N 126"1954”E 45
Jungmun VDBVS forests 431  33717'27"N 12626'04”E 46
Sineom VDBVS  herbaceous 221  33°17'41"N 12620'00"E 47
Gimryeong BVS herbaceous 264  3372800"N 12644'31”E 49
Wuimi 1I BVS orchard _g 33"1905”"N 126°48'06”E 35
Namweon BVS orchard 99 3315’38”"N 126°35'11"E 36
Hangyeong  BVS herbaceous 705  33°24'10"N 126°28'37”E 51
Songdang BVS herbaceous 377  33°26'37"N 126°43'18”E 52
Pyeongdae I BVS herbaceous 332  33°2549"N 126°43'37"E 53
Pyeongdae II BVS herbaceous 425  33°25'54”"N 126°41'03"E 54
Minag BVS forests 187  33°23'21”N 126°47'28”E 55
Hamo BVS upland 14 3312°46”"N 126°17'25”E 23
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o:dotielrs soil series coslooi ; land use alt(i:ru])de latitude longitude salllgle

Andisols Haengweon I BVS upland 174 33°29'25"N 126°39'58E 24
Haengweon II BVS herbaceous 190  33°2923"N 12640'24”"E 25
Songdang BVS upland 157 33°2908”N 126'49'25"E 26
Pyoseon BVS upland 203 33°2708”N 126'4Y04”E 27
Topyeong BVS upland 69 33°28'37”N 126.52'29"E 28
Wuimi 1 BVS upland 65 3319'16”"N 126.48'00"E 29
Nogsan BCS herbaceous 276  33726'30”"N 126°4540”"E 56
Geumag BCS herbaceous 207 332934"N 126°42"33"E 48
Byeongag I =~ BCS forests 146  33'1954”N 126°15'01"E 58
Byeongag II  BCS forests 141 331949"N 1261502”E 59
Songag BCS forests 363  3372803"N 126°40'14"E 60
Gamsan BCS forests 104  331844"N 126°48'55”E 61
Jeogag BFS forests 687  3318'14"N 126°27'16"E 62
Sanbang BFS herbaceous 26 33°18'16"N 126°10°05"E 42
Noro BFS forests 620  3321'02"N 126°3727E 63
Tosan 1 BFS forests 634  33°22°01”N 126°37'39"E 64
Heugag BFS herbaceous 205  33718'13"N 126°37'12"E 57
Tosan 1II BES forests 706  33°23'59”"N 126°37'25”E 65

Entisols Sara RYS upland 30 33°29'26"N 12627°28"E 1
Jocheon I RYS upland 17 332940”"N 126°26'51”E 2
Weolryeong  RYS upland 28 33°15'54"N 126"11'14"E 12
Daeheul RYS upland 32 33°3103”"N 126°35'22”E 13
Jocheon II RYS upland 22 33°3220”"N 126°38'33”E 15




o:dotielrs soil series coslooi ; land use alt(i:ru])de latitude longitude salllgle
Entisols Nagcheon RYS the others 9 33°29'20"N 126°54'10”"E 39
Onpyeng BVS the others 14 33°27709"N 126°5545"E 40
Gapa RYS the others 6 33725'36"N 126°55'42”E 41
Miag BCS herbaceous 371 33721'43"N 12620'07”E 50
Inceptisols  Weolpyeong I RYS upland 11 33°28'50”"N 12624'22”E 3
Yonggang RYS upland 28 33728’48”"N 126°23'20"E 4
Aeweol RYS upland 36 33728'08"N 12622'36”"E 5
Ido RYS upland 22 33°27'32"N 12620'13”E 6
Donggui RYS upland 26 3326'41"N 12618'48"E 7
Yongdang I  RYS upland 24 33°17749"N 126"10'39”E 8
Yongdang II RYS upland 24 3317'43"N 12610'33”E 9
Gueom I RYS upland 24 33°32'08"N 126°39°06”E 16
Gueom II RYS upland 22 33°32°09”"N 126°39'09"E 17
Weolpyeong II RYS paddy 13 33°13'28"N 12628'26”"E 19
Gyorae I RYS upland 150 33°29'22”N 126°35'32”E 22
Gyorae 1II RYS orchard 129 332929"N 126°3541”E 31
Weolpyeong III RYS paddy 18 3372827"N 126°23'10"E 37
Yongdang RYS paddy 7 33°13'48”N 126°30'03”E 38
Ora 1 VDBVS orchard 98 3372947"N 126°36'24"E 32
Ora II VDBVS orchard 102 33729'52”N 126°36'37E 33
Ultisols Haweon RYS upland 91 33°16'26"N 126°17703”E 18
t  BVS(black volcanic soil), VDBVS(very dark brown volcanic soil),

RYS(red yellow soil), BFS(brown forest soil), and BCS(black cindercone soil)
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HAA N BEYGARE A 015 mm(100 mesh)E S FHAA 24
e}

STk RIS FAPEE clgsel A RAT F

3) E4 Ni, Cu ¥ Zn #2444

EYAg 2 ZgAD)e Ni, Cu, Zn Ag¢FS A|lF 05 g WS vlo]laz
ol B (Model MARS 5, CEM co) Vesseldl Z3te] USA. EPA. Method
3051(1996)°) =&}e] $5(A4F 3 ml + A2+ 9 ml) 12 mIE 7} T HAsH
Ay 2o g Eafigh & EefdS o 34 ste] ICP(Model GBC, Australia)®
g 3ttt

rok

oy

AFE EFe EGN) e BRo AEFEFUS FPste gt 9

Egde A, g2, $978 8 54 S0 uehid, s 43

o

2
o] WEFE HeMo] ot ol {FUEH A A fFaAE FFHEY
Aol e #A1%e Ao ek Aojy B Bessy 43e o
st T3 AEE o] &¥H(Yoo and Song, 1984).

Al E kR =2 H o 2 AFE EY42S Entisols, Inceptisols, Alfisols, Ultisols,
Histosols ¥ Andisols®] #3325 o] 121, Andisols, Entisols % Inceptisols7}
88.0%= &S AA S Ytk AFE EFA ESFNTL JEFEFHS 9
AekA Fov wig- FAMGOl =oh AFAT AR T A HESIIEE B
Alfisolsoll 43} 2™, Andisolsol] &3 EFS FHAA 2 S A silsiEg B
FHAZL Ha7l =& AYNE tx Egoz EFHAD. Entisols9}

Inceptisols= 24 HISAIIE 9 SA AHFE EYoZ 75U
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1) E¥4E Ni, Cu @ Zn &% v

23810 (Fig. 2). AAHoZ AEe] Ni T T2 Hla) Bgor, A

o] M4 Be EYS 3 NUE EYOE HF 1281 mg kg'o2 tE A
o] B¢k nla] Bokow, ko] rHd W oA Saks|Ee HE) o
Zath 4 AGHE EYY Ni §3e EGd7F] 4 o] =& Aoy,
A= 71FQ 100 mg kg'ol Bl E ESkth o] o] A EF, B4 35}
I EY, wEEA SRS, A HISSEYGY Ni FHEE $77]E
vl 3] Edet.

ZAA Y EFY Ni g&e s Fd9 %
2004)] wls) wl$- = Zolw, AA Hi FH< 22 mg kg'(Kabata-Pendias
and Pendias, 2001)° BIS|AE vi-$- =Sttt AFES AN A EVE £2
d A&7 ofe] EFAE Ni, Cu ¥ Zn F%o] =0ty Bud vy o
(Takeda et al, 2004; Burt et al, 2003). A5 E% Ni g&o] = & A9 =
ol vl EL ZALAFE Ahn et al.(2006)°] QM E HiE o™, Jung et.
al.(2004)°] =] EFel HIsiE wl-¢ =}tk 22t Kim et al.(1997)°] 333}
Aol AR F3E Ni d#Fo] 1490 % 1470 mg kg'olgta B 1g Ao
HEA = A e Holith

AFe ESS MFdez EG Ao wet =233t AHdo] tan, B
FE Ao FFS BWo] W= soE IHA d=d(Yoo and
Song, 1984), EF& /o] A o|FoAXA e A AuE EFS ALt g

S EQL A BIEtE B Ni gaFe] zbolrt

Jﬁ
:I:’;

331 16.09 mg kg (Jung et al,,

Qe Ao Hol EF Mo JFL A9 wA R Aoz YAEn 53, £
FHE JFoE MGAHER BRI AP NGRIEY Ni G| 7Y
fol B £A% B wa) @A & Ao}
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Fig. 2. Comparison of total Ni contents according to soil color in surface
soils and subsurface soils.
t BCS(black cindercone soil), BES(brown forest soil), BVS(black volcanic soil),
VDBVS(very dark brown volcanic soil), RYS(red yellow soil)

Cu AFFL T 40 mg kg’ WHegon, B we dFatolzt A9
Itk GAP w4H&E Auj7]Fo] Cue 01N HCl IEFEE 50 mg kg'& 7H¢t
3t Cu FFE GAP FAES Aujsted] HoleazZ 28314 &3S 3o
A ZrE o},

Autz oz HEY F Cu FHFS 30 ~ 160 mg kg'olH, AA HF EUF3F

f

ol 20 mg kg'l.Q.i X 31 5 %) +=H|((Kabata-Pendias and Pendias, 2001; Zhenli
et al., 2005), °]¢} FAFS TS UEAT =3, Il 544 EFS 645 ~
17.6 mg kg'ol Bla|H = g =S Hol oW (Choi et al, 2002), FH T
EFolM zAtE Ao wlsiM = F3F L Tl (Jung et al., 2004).
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Fig. 3. Comparison of total Cu contents according to soil color in
surface soils and subsurface soils.
T BCS(black cindercone soil), BFS(brown forest soil), BVS(black volcanic soil),
VDBVS(very dark brown volcanic soil), RYS(red yellow soil)

Zn AFFe FENA 943 ~ 119.6 mg kg, AENA 1004 ~ 1265 mg kg
o8 B wE Aol AL fiNen, GAP F4t= AH7]E<] 300 mg
kg'ol W& 1/3 FFolAth wEkd Ni g3 3319 9 e dFnEa
F718 EFA 5 I ES] 549 o8 dFS B4 o' o2 Ay

A E Fol FAA EFNM Zn FFS 48 ~ 240 mg kg'H ol T
(Zhenli et al., 2005), ©]¢} ®lust 2k FFo JNSH, Jung et al.(2004)°]

FHEAY B5d EFOA 2413 789 mg kg'oll Hls| <z Ee otk

o
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Fig. 4. Comparison of total Zn contents according to soil color in
surface soils and subsurface soils.
T BCS(black cindercone soil), BFS(brown forest soil), BVS(black volcanic soil),
VDBVS(very dark brown volcanic soil), RYS(red yellow soil)

2) EYGEY Ni, Cu € Zn &% ¥x
AFE EGS EY Ao ue EFse WS RFEV ¥re EYgRo=r

3k7] oldol Wol AM&or], 348 Es}l W] AndisolsE FHE Tl

i
{1

EgEW Ni %S Entisolsol A 109.5 mg kg' O 2 T2 EokZ o] Hls) Eo]
A =%ew, EFAEZE Tl E343 UllisolsE A 2|3 o
~ 784 mg kg' 0.2 Gokt} w3 AEr} RE HlE] 54 ~505% %> WOl
AF= B 76.6%S A3 e AndisolsE 784 mg kg’ 2 GAP 4

E 7IFET oF 28] =2 FHo|dth

i
3
i
flo
)
AN
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Fig. 5. Comparison of total Ni according to soil order in surface soils

and subsurface soils.

a3y Cu &2 Nizhs B2 Entisolsol A 28.0 mg kg' 0.2 THE E4E 9]
389 ~ 42.8 mg kg0l HI&] Wit} EntisolsS A9k Cuol AE/EEHE 61.3
~87.6%% RE7} AEd HIF Bt o] A2 Nigl 4§ o2 Btk

7} BE)EY Cu 5t AAAY AAEY 645 ~ 17.6 mg kg o Hl&) =
%O} (Choi et al, 2005), THAd 1647} FH5A9 EY Cu o] 299 mg
kg'olgtx Higt Ax HSE Yt (Jung et al., 2004).
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Fig. 6. Comparison of total Cu according to soil order in surface soils

and subsurface soils.

ZAF B Zn FEFe EGEE FF Aolrt A gieH, Als7F 1<
UltisolsE #1913 t12 EF] Zn HFL 1028 ~ 1094 mg kg oAt} Zne] A
E/EEE] 927 ~ 99.72 RES} AEZ olx AL gUth

BAS e EF Zn FFL 789 mg kg’ 02 HuEoH, o
Aol Aze} vz=aart. a8y Fg A9 394 ~ 59.4 mg kgl WA E
E2 Ho|ATH(Choi et al, 2004). 53] & FALS] A= AT Foll AABT
Zn 32o]48 ~ 240 mg kg'e] Wl &g

et Ni2 ] EGEEe v 4u) o] =1 E 9
28] ERou Cust Zn AFFS AU ALY FF TEAY v FHFS
UFERA ATt

ke
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Fig. 7. Comparison of total Zn according to soil order in surface soils

and subsurface soils.

3) EFAA AH B Ni, Cu 2 Zn FF Al
EPE Ni, Cu 2 Zn §F Fol7h BE ol f7h AGgA 84 71915

AE &str] Al Ede AT AN RS AT BT 2o

rr

Ni FFo] we gAe 4%, AEE 9 F344 FuAATILA Py

19 mg kg' 02 7}F v ol EolsiA Ni go] e FA R
O 2 2 G A Zn FFo] e Aol HAAFHoZ A9 Cu Tl
Znol| Bl ¢F 1/3 FFEIRNSH, Cust Znd FATF FF Aolb AA 4skoe
U, Ni2 &4 2+ &= Zolrt & Heolrh
dutd oz ARG AT FAY Ni FFS =2 Hol|l £31H, 45 ~ 410 mg
kg'H 9ol ATHZhenli et al, 2005). Wt AFzo] BEE ¢Ao) Ni e
Zhenli et al.(2005)7} ®a1gk A3t FAFSFAOM, Ni, Cu ® Cud FFHI%E B3
S YT whdo] AFESe) Ni do] 2,397 mg kg'oll HIsiM = g
om, Zn &% 47 mg kg’ MM E e HolJTHKim et al, 1997). whE}A]
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Fig. 8. Comparison of total Ni, Cu and Zn contents according to kinds
of parent rock materials.
t APB(Aphanitic Basalt), C(Cinder cone), FB(Feldspar Basalt), FOB(acicular
Feldspar Olivine Basalt), PAB(Porphyry Augite Basalt), SSF(Seongsan
Formation), TA(Trachy Andesite lava).

4) B4R EF Ni, Cu % Zn &% &4

AT Egel =& FFo2 EA3E Ni, Cu 2 Zn AAE #4317 93]
EFH EFNE AFAAANA AR A2Fe FFe vl th(Fig. 5). Ni
EGH A2 Atold Ao FHBAZE AN Y, Cust Zne FBAFo] 3

o meEbd Ni2 o] =2 dfle] F2 B¢t 78S 7ol & Wi
Cust Zne =g 9o v aqle] 9T FA& oz Yztdn
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Fig. 9. Relationship between soil and parent rock for total Ni, Cu and Zn

contents.

5) EX|o]&o] W& Ni, Cu € Zn &% A

Ni, Cu ¥ Zno] EG W o]54d0] w5 =2 <19
Res W FEA FHFo] FolAle A4S i
o XE/ANE HE Fig. 7°] Yehg Ak

Fig. 6914 HE AF o] Ni2 5old A#E Hetl= 4749 A 5E A9
Sl R XE/AEHIE 1 B 1L olgts UEllo] AEV RE HlE| kol
2o AL guadnt. gdEYON RE/AEHE 1/ AES A95ta 095 W
912 Yehgon, dut BEgAME 08 WA Edo] Btk T3 A9
A 872 AETL o]l gon, AHAAME ) Sl

)
r o
ko
ro
=2
{0
:(2
hiea)
Y
)

=

ke

E g7 %2 U357 93

8302 AHEZF gkl gt wehA AFEFANA Ni

S g Jje) AEE At BF AEJFS5 ~ 20% B Ao Z eyt
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STHEAG A, 0, x5 H7d EGOA Ni 22 FE/AEHZE 092 £
B9 AEZ gFalol7 AY e Ha(Jung et al, 2004)9t= zol7b At
welr] AFESS Ni F3e AE7 TEC HE| Be Aoz Hol Q19AQ

A2 2916 g5 FFol wole FsHel A fE Ao Y4Eh

3.0 — : .
w Crchard P akddy | I [ ]
i Il Upland I Herbaceous 1 Forests
= 25 r b ! 1
E 11 I I

11 | I

333 FUN o1 | I I
8 11 : 1
Eoust . :
i } o e _o.® s !
=) 11 I I

10 mgtgev—ws qoar oo tp =%

L ] ®

:% ‘l b'“ ® e | .. ag ! % ..
= (I | Y
= 085 i i . o : & | o L ]
.F_E 1 1 : 1
E 0.0 T | 1 1 1 1 1 1 1 Ml | 1 1

0O B 10 15 20 25 30 35 40 4k BO EBE BO 6B
sampling Mo,

Fig. 10. The ratio of surface/subsurface of total Ni concentration
with land use type.

Cuol RE/AEHE 059 ~ 1.822 EX|o]&gHd| we} thFstdnt. =9
E9Y FE/AEHE HF 12302 REJ ko] Blton, AEV e EokS
ZAE A tth, MESY] HE/AERHE 068 ~ 133 ¥l Aoy FHA
1.030.2 FES AES] ghigo] HI=d Ao R ZAHAT A EYY] RE/A]
EME 061 ~ 1.15 9o AR (5ol ZAMET 14 Al9]), B 0922 HE]
Cu &#o] ¢ ESith A ESS 22 B9 ¥5=3 4FS Yel i

netA ZEd EY Curt JAHE @do] FEstden, 1 99 TEY,
A B 2AEFAAME RE} AES o] HIES AU AEV & 3o
2 ZAEAT o9 B Ade FAA EdddAE RES FEFEo] =A%
H A2 A AHEFANE A EdA FiFe] Ethe Choi et al.(2002)9] R 19}

o

O
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2o Aot olet o] AEY EYF HEA Cu &Fol & olic AlF
Al A wo] ARgE] 2 FH], A3IHEZEN, oxine copper, cuprous oxide,

A

rr

dithianone, copper hydroxide, &4t&o] ¥ Cuol 93] HE F A H
o8 A4

3.0 T T T T
% Drchard:PEEddy Upland :Herbaceous : Forests
= 285 1 I |
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| I I
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m | 1 1
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e
aQ

. 11. The ratio of surface/subsurface of total Cu concentration
with land use type.

Zno XE/AHEHE 036 ~ 3.062 EYo|Sde ¥ Zo|7} wl$ o #AEY
EY RE/AEHE H 2282 Zno] REC HAFAHE o] wjg FElsA
et on, HEGAME ZTEV AERGY B A99 @ A57h v
o 2y ARESFY 2AEGY RE/AEHE Bo] EGS AYsta diE
AE7F e Holith

gy o)9} & A¥E Choi et al.(2002)0] 2R 9} AbobR] B B oA
RES A E9 ko] zol7} Quoke Bastes o]zt ATt oleh e zole
AFe 2EFY 54X B % Zineb 59 Zn7t FHd I EHALE
g% Aoew YA

rok
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Fig. 12. The ratio of surface/subsurface of total Zn concentration

with land use type.

B dve AFAY EFIA Ni #Fol we 9908 welw 949 F
Z7PL $¥5E Cust Zno] 3% 54 THY) A3 FYRAT. EPAEE
Alfisols 471%, Andisols 357%, Endisols 971, Inceptisols 167]%F, Ultisols 17}
SolA AR or], FAF Aol A Rek(R) ARE A

Ni HFgHe 792 mg kg' o2 EXed 27|59 2ujc]en, Zn BT
e 108 mg kg’ 2 71ES 1/3 FFEIUY. EYEE Ni g2 Entisolsdl
4 1095 mg kg' 0= 7P Egow, 1 9o BEFEAE BT FFS B
t}. Cudt Zne EUSEy A 8= A JEUdd A= Ni e
g, Adels R AR FRAATGAN wgor], FHATY o
4 hatekel A itk

EAC] &Y RE/HEHE Nio] 0952 Z& 59 F@sHA HEZ B
St Cufl RE/HEWE AEFd w28XA Hd 12302 RE HAHAG]
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FEstgoer, 1 29 EYdME RE/AENRI HEEYT Znd BE/AE
HE 2299 BA4X0A HF 2282 TEY JAFHEE Ao Ao, A

EFY 2AEGIM= AEZF BT
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B AN E%o Ni 37 9459 Nio] Adgas nlud 5o 4n
#AE B3 o (Chapter 1, Fig. 5). 218y AT E A ES] =2 Ni
oA 7108 Aojgta @A Z A7) ofHoh wekA 2 AT

=

g A=

AN EFNEE AR 13 Zo] 2006 8EHH 9874 AFE A A9E
WEoz dE EY 51/ EFE 654 = EE(0-20 cm)®t A E(20-40 cm)E T
B3] AAD NEES o SIATE EPNRE EFE, B4, EAolgL NEow
AN H AT Alfisols 4718, Andisols 3571, Endisols 975, Inceptisols 1671 %,
Ultisols 1750|331, EMEE = S I EY 16715, s34 R ESY

10718, 234 WU ES 2605, $Ia4 DGAES 6715, TG 7
MFola, EAol & B2A B 387 AM(L 29, B4 7, = 2), MIBHAAE

2770 AR (A1 16, 2FH A 8, 7IBHFEA]) 37])°] .

2) NEZA 2 4

ANHAT EFe asdA F5t] 4 Fol 2 mm(10 mesh) EFAZ &2
A7l EGAEE A 015 mm(100 mesh)Z AS SHAA EAE A 82 AME
A EOH (AR HAAPLS o] 83t AA B F EFAIES} e WHo R
AE THNA EXE AEE AMESAT. EYS pH, EC, f7]=, T-N, P0Os,
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Table 1. Eigenvalues of the 14 soil chemical property matrix for principal

component analysis.

No. Eigenvalue Difference Proportion Cumulative
1 4.376 1.325 0.313 0.313
% 3.051 1.299 0.218 0.531
3 1.752 0.584 0.125 0.656
4 1.168 0.144 0.083 0.739
5 1.024 0.392 0.073 0.812
6 0.632 0.048 0.045 0.857
7 0.584 0.123 0.042 0.899
8 0.460 0.142 0.033 0.932
9 0.319 0.077 0.023 0.955

10 0.242 0.072 0.017 0.972
11 0.170 0.057 0.012 0.984
12 0.113 0.043 0.008 0.992
13 0.070 0.033 0.005 0.997
14 0.037 0.003 1.000
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Table 2. Eigenvectors for translation for each soil chemical properties. Values

show only for 4 principal components.

variables PRIN1 PRIN2 PRIN3 PRIN4
pH (1:5) 0.358 -0.272 0.007 -0.230
EC (dS/m) 0.180 -0.145 0.440 -0.116
SOM (g/kg) -0.381 -0.174 0.306 0.148
T-N (%) -0.362 -0.144 0.349 0.190
P20s (ppm) 0.166 0.443 -0.066 -0.230
K cmol” 0.384 0.058 0.064 -0.135
Ca cmol” 0.371 -0.167 0.235 -0.208
Mg cmol” 0.332 -0.155 0.107 0.448
Na cmol” 0.257 -0.236 0.308 0.251
Fe (ppm) 0.143 0.398 0.119 0.413
Mn (ppm) 0.162 0.355 -0.114 0.332
Zn (ppm) -0.068 0.343 0.456 -0.052
Cu (ppm) 0.038 0.352 0.358 -0.057
Rock-Ni(ppm) 0.148 -0.146 -0.238 0.459

THHYEE YERA Table 2914 F4& 1(PRIN1)2 pH, K, Ca, Mg, Na 59
Hyo] vz Z 49 g, SOM, T-N 9 ¥Fde &9 & #%, EC, P:Os, Fe,
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“gFdLPE" o R B F o F4E 2(PRIN2)= P:Os, Fe, Mn, Zn, Cu ¥
o ERAOE F FY TS UEH o] “mRFALAE R HHEEAAL,
EC, SOM, T-N, Na, Zn, Cu 59| W7t 49 AFE Ue
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3 54
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Table 3. Analysis of variance for regression equation.

Source df B0 Meagy F Value Pr >F
squares square
Model 4 89599 22400 20.33 <.0001
Error b% 62805 1101.84132
Corrected Total 61 152404

Table 4. Parameters and some statistical values for regression equation for soil

Ni contents.

Parameter Standard

Variable estimate orror Typell SS F Value Pr >F

Intercept 77.245 4.21564 369941 335.75 <.0001
PRIN1 9.45054 2.03159 23843 21.64 <.0001
PRIN2 -6.92896 243319 8935.17343 8.11 0.0061
PRIN3 -0.678 3.21109 49.12235 0.04 0.8335
PRIN4 28.22453 3.93206 56772 51.52 <.0001
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b TR A o2
o3| A4S A =33 23 Table 6.9 He ule} o] Fgho] 20.330014 27.54
NAEA 0 pgro] <0.000102 =2 Fo3lth o8 FALSF 2L IAAFE
ol-&3t] Yetd A o3 Bkt o] A AAAFE 05882 EF

Ni& HA Wole 59% 5 FAE 1, 2, 49 23 A4 o= AHT + AU
ENi(ppm) = 77.24 + 9.45*Prinl - 6.93*Prin2 + 28.22*Prin4 (r*=0.588)

Table 5. Parameters and some statistical values for regression equation for soil

Ni contents.

Parameter Standard

Variable estimate . Typell SS F Value Pr >F
Intercept 77.245 418078 369941 341.37 <0.0001
PRIN1 9.45054 2.01478 23843 22 <0.0001
PRIN2 -6.92896 2.41307 8935.17343 8.25 0.0057
PRIN4 28.22453 3.89954 56772 52.39 <0.0001

Table 6. Analysis of variance for regression equation.

Sum of Mean

Source df b ek squall F Value Pr >F
Model 3 89550 29850 27.54 <0.0001
Error 58 62854 1083.691

Corrected Total 61 152404

AAEHLE AdSHe EY T Niol 133 A2 S84 Niol Ag=e

VA= Fig. 4o debiAaL, A4 dS57Fs HE=E Table 7. o Yell Ao,

Table 7. RMSE and R-Square for measured and estimated soil Ni contents.

Root MSE 32.9 R-Square 0.588
Dependent Mean 77.2 Adj R-5q 0.566
Coeff Var 42.6
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Table 1. Some chemical characteristics of surface soils in Jeju island.

Saple EC SOM F P205 K Ca Mg Na Fe Mn Zn Cu Rock Soil
No. pH (dS/m) | (g/kg) TN (ppm) cmol+ | cmol+ | cmol+ | cmol+ | (ppm) | (ppm) | (ppm) | (ppm) | Ni(ppm) | Ni{ppm)
1 5.61 0.13 39.7 0.192 833.0 0.84 3.59 1.16 0.05 | 1119 | 2958 | 7.71 | 1.53 90.4 41.27
2 6.23 0.09 24.6 0.118 367.4 0.90 4.75 1.93 0.29 609 | 2220 | 1.69 | 096 101.1 74.17
3 5.67 0.12 273 0.133 859.5 1.39 4.61 1.87 011 | 1435 | 1941 | 512 | 1.72 71.7 76.07
4 6.29 0.15 193 0.102 442.6 1.53 5.20 2.33 0.12 738 | 16.77 | 115 | 0.86 152.7 2294
5 4.72 0.13 26.7 0.118 567.1 0.44 2.10 0.65 0.03 | 100.0 | 2328 | 238 | 1.02 32.6 24.29
6 4.68 0.18 27.3 0.139 560.8 0.66 2.67 1.74 0.06 | 2334 | 68.13 | 523 | 2.77 41.4 72.27
7 6.31 0.14 26.7 0.124 538.3 1.51 8.52 1.81 0.09 714 | 1475 | 3.87 | 1.67 35.1 55.47
8 6.05 0.09 23.1 0.107 308.1 1.06 6.62 3.87 015 | 140.7 | 60.30 | 2.09 | 214 137.9 110.37
9 6.16 0.14 27.3 0.131 258.6 1.85 6.87 | 4.35 013 | 162.0 | 4056 | 1.43 | 2.89 176.3 169.27
10 5.97 0.10 25.5 0.117 382.9 1.04 4.69 1.48 0.06 639 | 2727 | 0.64 | 0.61 96.6 32.45
11 5.67 0.19 20.8 0.087 448.9 1.07 5.79 2.89 0.09 | 1196 | 51.03 | 1.21 | 1.42 128.4 85.97
12 5.88 0.11 32.0 0.109 208.8 1.82 5.65 4.43 0.14 747 | 1130 | 0.65 | 0.78 163.7 178.47
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Sanple EC SOM o P205 K Ca Mg Na Fe Mn Zn Cu Rock Soil
No. pH (dS/m) | (g/kg) =N (%) (ppm) cmol+ | cmol+ | cmol+ | ecmol+ | (ppm) | (ppm) | (ppm) | (ppm) | Ni(ppm) | Ni(ppm)
13 5.02 0.10 214 0.082 807.0 0.45 1.11 0.58 0.06 66.9 8.90 134 | 0.77 137.8 68.07
14 5.48 0.08 45.3 0.176 278.8 0.85 3.77 1.80 0.04 | 1404 | 2811 | 478 | 241 141.8 119.77
15 6.74 0.08 49.7 0.248 604.9 0.70 6.04 2.60 0.12 49.7 1.23 119 | 1.02 109.4 41.77
16 8.18 0.18 24.6 0.132 375.3 146 | 21.30 | 232 0.15 14.0 6.23 291 | 154 82.2 4597
17 8.24 0.20 228 0.137 272.0 129 | 17.63 | 1.65 0.11 10.5 4.86 205 | 131 112.9 4547
18 6.80 0.63 39.7 0.187 362.2 1.54 941 421 0.15 27.3 2.60 3.62 | 293 122.2 41.27
19 5.75 0.17 61.3 0.310 268.4 147 | 1028 | 3.27 018 | 1974 | 2067 | 285 | 3.12 39.3 11547
20 5.80 0.05 28.5 0.121 928.8 1.01 2.65 0.89 0.09 | 1074 | 2520 | 272 | 1.40 1151 45.77
21 5.80 0.25 63.4 0.241 172.9 1.53 6.71 2.40 0.13 699 | 1340 | 211 | 143 113.0 70.97
22 4.74 0.15 54.6 0.205 730.7 0.64 1.46 0.57 0.04 | 1173 | 16.65 | 4.01 | 1.46 168.2 54.57
23 6.00 0.27 81.9 0.278 92.6 182 | 1337 | 271 0.15 572 | 1335 | 257 | 209 110.0 74.77
24 5.41 0.06 110.7 0.473 148.1 0.12 1.69 0.35 0.06 60.4 4.09 | 1390 | 4.66 67.4 63.27
25 5.46 0.13 136.8 0.726 150.6 0.42 6.90 1.97 0.06 72.2 543 | 1923 | 0.82 60.5 63.87
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Sanple EC SOM 0 P205 K Ca Mg Na Fe Mn Zn Cu Rock Soil
No. pH (dS/m) | (g/kg) N (%) (ppm) cmol+ | cmol+ | cmol+ | cmol+ | (ppm) | (ppm) | (ppm) | (ppm) | Ni(ppm) | Ni{ppm)
26 5.14 0.35 135.2 0.519 16.7 1.16 3.72 1.73 0.11 39.6 3.97 1.06 | 0.92 93.4 95.87
27 5.72 0.08 146.8 0.568 2.3 0.07 3.26 2.36 0.16 59.7 6.48 1.26 | 0.57 721 56.67
28 5.62 0.15 140.2 0.492 16.8 041 5.65 1.04 0.07 31.0 1.29 0.61 | 0.53 130.0 98.07
29 477 0.17 137.9 0.666 197.7 0.46 3.08 0.46 0.07 740 | 1157 | 1782 | 5.24 62.5 66.07
30 5.81 0.08 36.4 0.191 458.5 0.98 4.59 2.53 0.05 72.7 3.15 8.56 | 8.58 242 40.27
31 4.92 0.08 35.6 0.165 1191.4 0.72 2.49 0.82 0.06 | 221.7 | 10.02 | 830 | 9.16 34.1 52.47
32 5.17 0.11 38.2 0.155 610.5 0.53 3.44 0.96 0.04 | 1208 | 17.88 | 23.16 | 4.10 105.1 53.27
33 5.16 0.10 970 0.445 664.7 0.51 5.47 1.57 0.05 | 1689 | 27.03 | 29.88 | 14.77 150.0 94.67
34 5.25 0.18 118.6 0.481 186.3 0.56 6.10 1.37 0.08 67.7 5.66 | 16.62 | 9.38 0.7 27.69
35 4.28 0.22 139.1 0.824 476.1 0.23 1.51 0.23 0.12 916 | 3615 | 21.27 | 1.16 69.7 53.67
36 4.66 0.10 134.9 0.476 2071 0.40 1.18 0.21 0.05 36.0 | 2610 | 698 | 1.81 50.8 66.67
37 6.51 0.13 46.1 0.244 53.8 0.32 5.96 4.93 0.28 82.8 6.65 092 | 233 2221 38.49
38 6.33 0.39 95.9 0.467 576.9 2.38 9.50 3.79 031 | 1689 | 3.48 8.40 | 0.79 6.6 67.97
39 8.21 0.75 35.0 0.173 11.6 120 | 1974 | 7.29 3.31 38.1 6.38 1.02 | 0.87 122.8 155.87
40 8.20 0.20 40.9 0.264 31.5 033 | 17.60 | 1.77 0.80 37.6 0.48 1.52 | 0.35 - 102.57
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Sanple EC SOM o P205 K Ca Mg Na Fe Mn Zn Cu Rock Soil
No. pH (dS/m) | (g/kg) TN (%) (ppm) cmol+ | cmol+ | cmol+ | ecmol+ | (ppm) | (ppm) | (ppm) | (ppm) | Ni(ppm) | Ni{ppm)
41 8.27 0.10 11.8 0.047 18.8 0.05 13.56 | 1.27 0.14 7.8 0.30 034 | 0.12 - 200.37
42 6.85 0.07 54.9 0.242 76.6 1.73 10.82 | 1328 | 1.76 | 1854 | 2286 | 1.67 | 1.95 1824 257.27
43 571 0.04 136.8 0.701 1.0 0.11 1.13 0.76 0.09 37.3 1.80 0.34 | 0.68 1424 7117
44 5.43 0.07 71.5 0.333 63.1 0.72 2.08 0.84 0.07 416 | 1339 | 196 | 1.4 4.8 32.67
45 5.01 0.20 126.5 0.616 222 0.48 197 1.10 0.09 91.6 8.99 266 | 1.30 1484 63.57
46 6.50 0.10 721 0.327 1.2 0.74 1040 | 1.97 0.09 56.9 3.84 136 | 1.52 1153 75.77
47 5.90 0.05 137.4 0.659 25 0.21 247 1.08 0.13 26.9 3.46 034 | 052 124.2 82.27
48 5.36 0.05 77.8 0.254 0.6 0.19 0.50 0.54 0.07 31.8 0.63 0.04 | 017 1235 7297
49 5.07 0.17 1374 0.814 31.8 0.15 2.50 0.82 0.18 86.8 4.30 116 | 1.17 136.7 50.27
50 5.82 0.04 57.3 0.198 0.1 0.20 1.34 1.30 0.09 25.7 0.67 0.13 | 0.50 151.3 123.37
51 4.58 0.38 136.5 0.792 6.7 0.23 112 0.65 0.07 | 165.0 | 5.93 0.87 | 0.29 37.7 25.82
52 4.95 0.11 138.8 0.765 6.6 0.19 0.68 0.69 0.07 55.8 3.50 056 | 0.55 - 56.17
53 5.43 0.12 1329 0.585 3.3 0.58 2.83 0.64 0.04 17.7 1.74 039 | 0.74 1371 61.07
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Sanple EC SOM o P205 K Ca Mg Na Fe Mn Zn Cu Rock Soil
No. pH (dS/m) | (g/kg) TN (%) (ppm) cmol+ | cmol+ | cmol+ | ecmol+ | (ppm) | (ppm) | (ppm) | (ppm) | Ni(ppm) | Ni{ppm)
53 5.43 0.12 1329 0.585 3.3 0.58 2.83 0.64 0.04 17.7 1.74 039 | 0.74 1371 61.07
54 5.34 0.10 1354 0.662 17.1 0.06 3.11 0.98 0.07 70.5 3.30 112 | 0.75 23 43.87
55 5.02 0.09 139.3 0.555 2.8 0.13 0.60 0.26 0.03 20.1 214 0.29 | 0.21 1135 81.77
56 5.23 0.18 137.7 0.461 0.6 0.12 0.44 0.26 0.06 124 1.65 015 | 0.71 166.0 105.07
57 5.72 0.09 1135 0.354 71 0.28 1.76 0.88 0.05 27.0 2.35 1.21 | 0.52 4.1 33.94
58 6.18 0.06 67.4 0.264 1.0 0.16 3.86 2.13 0.44 29.6 0.58 014 | 0.22 58.9 68.97
59 6.44 0.07 61.6 0.293 1.2 043 11.88 | 6.06 0.21 80.5 3.03 043 | 0.96 1941 236.37
60 5.62 0.07 112.7 0.608 2.7 0.23 1.18 1.76 0.11 35.3 3.57 041 | 0.36 87.3 84.77
61 5.90 0.03 62.5 0.320 0.4 0.51 4.69 8.91 0.17 95.9 3.17 0.78 | 1.38 137.0 205.47
62 571 0.05 98.2 0.434 24 0.11 2.00 2.10 0.10 572 | 1013 | 040 | 0.75 87.9 148.87
63 5.31 0.05 86.2 0.310 0.6 0.03 0.07 0.07 0.03 13.2 0.19 0.12 | 0.46 774 6247
64 4.52 0.12 114.7 0.662 4.3 0.07 0.23 0.16 0.05 69.5 0.97 3.61 | 0.30 71.8 22.28
65 4.25 0.16 112.7 0.571 4.0 0.11 0.54 0.24 0.03 80.8 4.24 3.60 | 0.56 1.7 17.38
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Table 2. Pearson correlation coefficient matrix for soil chemical properties of volcanic ash soils in jeju Island.

SN°;1 on | EC $71E | T-N | P,0s ch:1+ y Cni)ah y Cnﬁiﬂ y CHI:L , Fe | Mn | Zn | Cu | RockeNi
(op) (dSm) | (gke) | (o) | (Pm) o | kg | kg | PP™ | P | (PPm) | (Pm) | (PP

Sail Nippm) | 1.00

pH 036 | 1.00

EC (dS/m) | 006 | 025 | 1.00

SOM(g/kg) | -0.18 | -051 | -0.03 | 1.00

T-N (%) -0.22 | -048 0.01 0.94 1.00

POs(ppm) | -0.26 | -0.10 -0.02 -054 | -048 1.00

K anolt/kg | 017 | 0.38 0.39 -0.52 | -0.51 0.37 1.00

Ca amlt/kg | 033 | 087 0.43 -045 | -040 | -0.02 0.53 1.00

Mg amlikg | 0.69 | 047 0.20 -033 | -030 | -0.11 0.48 0.49 1.00

Na emolt/kg | 040 | 048 0.53 -017 | -014 | -0.16 0.22 0.50 0.60 1.00

Fe (ppm) 012 | -0.29 0.01 -0.26 | -0.15 0.54 0.34 -0.07 0.27 0.01 1.00

Mn (ppm) | 0.06 | -0.18 -0.03 -039 | -0.35 0.46 0.31 -0.04 0.11 -0.04 0.62 1.00

Zn (ppm) | -0.19 | -0.29 0.02 0.15 0.19 0.38 -0.03 | -0.06 | -0.17 | -0.12 0.31 0.20 1.00

Cu (ppm) | -0.08 | -0.15 -0.03 -0.07 | -0.08 0.41 0.10 0.02 0.00 -0.08 041 0.18 0.69 1.00

Rock Nipppm) | 052 | 0.29 -0.05 -020 | -0.21 | 0.11 0.09 0.14 0.38 0.17 -0.07 0.06 -0.23 | -0.12 1.00
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Table 3. Standardized values of soil Ni, soil order, landuse, soil color and soil chemical properties for cluster analysis.

&‘ﬁge Soil-Ni srodiir Landuse CSoOllolr Prin 1 |Prin 2|Prin 3| Prin 4| Prin 5| Prin 6 | Prin 7 Prin 8 Prin 9 Plr(i)n Plriln Plr;“ Plri;‘ Plri“
1 | 074 | 039 | 083 | 051 | 038 | 1.23 | 056 | -0.33 | 049 | 068 | -038 | 027 | 1.52 | 010 | 0.08 | 1.07 | 0.04 | 043
2 | 010 | 039 | 083 | 051 | 060 | 011 | -1.01 | -040 | -0.07 | 0.03 | -0.65 | 0.77 | 0.03 | 046 | 043 | 0.04 @ 098 | -0.61
3 | 006 | 141 083 | 051 | 075 | 1.22 | 052 | 057 | -0.73 | -021 | -010 | 111 | 1.41 | 026 | 050 | -0.18 | 016 | 0.25
4 | 110 | 141 | 083 | 051 | 096 | 0.08 | -1.08 | 032 | 0.06 | 080 | 0.60 | -0.56 & 0.06 | -0.89 | 0.63 | 044 | 136 | -0.79
5 | 21.07 | 141 | 083 | 051 | 0.09 | 1.00 | 0.92 | -0.59 | -1.28 | -0.20 | -146 | 0.09 | 026 | -020 | -1.08 | -0.18 | -1.75 | -0.65
6 | 014 | 141 | 083 | 051 | 052 | 231 | 039 | 144 | 2.33 | -035 | 039 | 196 | -112 | 1.51 | -097 | 038 | 011 | 094
7 | 046 | 141 | 0.83 | 051 | 0.84 | 039 | 032 | -1.62 | -048 | -086 | 021 | 013 | 039 | 073 | 045 | -014 | -0.10 | -0.64
8 | 061 | 141 | 083 | 051 | 114 | 095 | -1.00 | 149 | -0.47 | -0.05 | 0.67 | 250 | 093 | 055 | 030 | 111 | 037 | -0.03
9 | 176 | 141 | 0.83 | 051 | 142 | 066 | 0.67 | 142 | -010 | 012 | 1.78 | 020 | -119 | 0.02 | 091 | -0.66 & 155 | -0.22
10 | -091 | -1.65 | 0.83 | 051 | 053 | 029 | -1.21 | -047 | -0.46 | 012 | 0.05 | 087 | -025 | 049 | 040 | 015 | 040 | -0.77
11 | 013 | -1.65 | 0.83 | 051 | 099 | 088 | 0.98 | 080 | -1.00 @ 077 | 038 | 153 | 091 | 024 | -018 | 121 | -0.59 | -0.21
12 | 194 | 039 | 0.83 | 051 | 098 | 024 | 0.98 | 033 | 029 | 006 | 116 | -112 | 055 | 224 | 043 | -1.25 | -0.09 | -0.89
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&‘ﬁge Soil-Ni srodiir Landuse CSoOllolr Prin 1 |Prin 2|Prin 3|Prin 4| Prin 5|Prin 6 | Prin 7 Prin 8 Prin 9 Plr(i)n Plriln Plr;“ Plri;‘ Plri“
13 | 022 | 039 | 0.83 | 051 | 0.06 | 0.66 | 1.56 | -0.51 | 0.04 | 145 | -147 | 140 | 0.95 | 025 | -0.28 | 0.00 | -1.85 | -0.72
14 | 079 | 165 | 0.83 | 051 | 033 | 078 | 0.75 | 084 | 014 | 024 | 031 | 030 | 052 | 038 | -0.23 | -1.65 | 095 | 0.70
15 | 073 | 039 | 0.83 | 051 | 043  -026 | -0.74 | -094 | 0.69 | -012 046 | 076 | 1.71 | 049 | 018 | 1.87 | 050 | 013
16 | -0.65 | 141 | 0.83 | 051 | 1.69  -0.90 | 0.09 | 2.62 | 097 | -062 | 129 | 165 | 1.21 | 172 | -038 | -0.07 | 148 | -0.45
17 | 066 | 141 | 0.83 | 051 | 147 | -1.04 | 022 | 233 | 1.07 | 007 | 111 | 140 | 070 | 1.72 | -049 | 011 | 0.80 | -0.21
18 | 074 | 243 | 083 | 051 | 1.36 | 076 | 113 | <142 | 059 233 | 071 | 157 | 202 | 072 | 243 | 350 | 0.86 | 0.09
19 | 071 | 141 | 095 | 051 | 0.78 | 066 | 0.63 | 022 | 1.2 | -1.93 | 112 | 045  -041 | 149 | -0.24 | 1.86 | -029 | 0.9
20 | -0.65 | -063 | 0.83 | 135 | 053 | 112 | 1.28 | 038 | -0.22 | 062 | 051 | 047  1.68 | 020 | 154 | 079 | 018 | 0.16
21 | -016 | -063 | 0.83 | 135 | 056 -024 | 0.04 | -0.32 | -0.50 | 048 | 1.07 | 044 | -1.03 | -0.99 | 025 | -0.76 | -0.05 | -0.08
22 | 048 | 141 | 0.83 | 051 | 0.01 | 091 | 0.92 | 044 | -014 192 | 039 | 142 084 | 029 | 0.04 | -0.75 | 150 | 052
23 | -0.09 | -063 | 0.83 | 034 | 0.85 | 054 | 056 | -065 | 027 | 021 | 208 | 018 | -1.06 | 045 | 0.64 | -1.39 | -2.66 | -0.01
24 | 031 | -063 | 0.83 | 034 | 1.01 | 039 | 072 | 039 | 1.23 | -026 | 0.64 | 052 | -0.08 | -049 | -012 | -0.58 | 143 | 0.78
25 | -0.30 | -0.63 | 0.83 | 034 | 0.87 | 0.04 | 1.53 | -0.02 | 051 | -028 094 | 1.08 | 2.59 | 123 | -1.75 | -0.66 | 0.08 | 0.03
26 | 032 | -063 | 0.83 | 034 | 046 | 081 | 073 | -016 | 112 | 092 | 1.21 | .02 | -129 | -1.08 | 061 | 050 | -0.86 | 0.76
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&‘ﬁge Soil-Ni srodiir Landuse CSoOllolr Prin 1 |Prin 2|Prin 3|Prin 4| Prin 5|Prin 6 | Prin 7 Prin 8 Prin 9 Plr(i)n Plriln Plr;“ Plri;‘ Plri“
27 | 044 | -063 | 0.83 | 034 | 092 076 | 013 | 044 | -0.02 | -1.00 007 | 041 | 053 | 065 | 036 | 128 | -022 | 2.35
28 | 037 | -063 | 036 | 034 | 070 | -1.00 | 0.02 | 0.00 & 025 | 057 | 0.70 | 0.06 | 0.08 | 0.62 | 057 | -016 | 149 | 2.10
29 | 026 | -063 | 036 | 034 | 110 | 0.66 | 1.74 | -0.05 | 059 | 035 | 035 | 056 | -0.01 | 095 | 021 | -0.33 | -012 | -0.57
30 | -0.76 | -1.65 | 036 | 051 | 025 | 099 | 057 | <142 | 1.34 | -147 | 094 | 092 | -193 | -0.64 | 076 | 097 | 016 | -2.06
31 | 052 | 141 | 036 | 051 | 025 | 2.64 | 046 | -064 | 039 | -089 | 1.63 | 289 | 017 | 241 | 110 | 016 | -0.85 | 034
32 | 051 | 141 | 036 | 135 | 0.04 | 1.68 | 048 | 028 | 114 | 101 | 079 | 049 | 1.16 | -1.71 | 245 | 2.04 | 1.06 | 130
33 | 030 | 141 | 036 | 1.35 | 010 | 272 | 258 | 076 | 350 | 113 | 014 | 033 | -1.05 | 085 | 087 | 006 & 041 | 031
34 | 1.00 | -063 | 036 | 135 | 0.64 | 085 | 222 | <110 | 1.20 | -1.03 | 032 | 036 | 200 | 039 | 037 | 052 | -0.89 | -0.01
35 | -0.50 | -0.63 | 095 | 034 | 124 | 110 | 1.58 | 082 | -0.89 | 155 | 046 | 1.99 | 242 | 138 | -061 | 115 | -047 | -1.69
36 | -0.24 | -063 | 154 | 034 | 1.07 | 032 | 016 | 000 | -0.61 | 015 | -0.03 | 148 | 030 | -1.21 | 146 | 090 | -1.84 | 111
37 | 079 | 141 | 154 | 051 | 060 | 073 | 0.66 | 128 | 1.69 | 073 | 024 | 055  -052 | 1.03 | -1.71 | 047 | 1.06 | 0.2
38 | 022 | 141 | 095 | 051 | 098 | 023 | 1.87 | -093 | 2.01 | 110 | 1.97 | 214 | 1.81 | 090 | 022 | -0.09 | 1.89 | 1.73
39 | 149 | 039 | 142 | 051 | 3.05 | 281 | 319 | 037 | -1.37 @ 185 | 420 | 094 | 0.02 | 051 | 1.04 | -1.09 | 0.04 | -0.26
40 | 046 | 039 | 142 | 034
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&‘ﬁge Soil-Ni srodiir Landuse CSoOllolr Prin 1 |Prin 2|Prin 3|Prin 4| Prin 5|Prin 6 | Prin 7 Prin 8 Prin 9 Plr(i)n Plriln Plr;“ Plri;‘ Plri“
41 | 236 | 039 | 142 | 051

42 | 347 | 063 | 154 | -118 | 238 | -0.83 | 0.80 | 378 | 072 | 250 | -058 | 074 | 120 | 176 | 133 | 021 | -0.62 | 028
43 | 016 | 063 | 024 | 135 | 117 | 092 | 031 | 061 | 0.65 | 028 | 037 | -008 | 0.77 | 093 | 143 | 053 | 126 | -0.93
44 | 091 | 063 | -154 | 135 | 052 | 0.03 | 036 | 091 | 072 | 140 | -052 | 079 | -1.06  -115 | 057 | -0.19 | 0.65 | -1.23
45 | 030 | 063 | -154 | 135 | 0.80 | 039 | 0.25 | 1.03 | -0.24 | 1.04 | 0.81 | -0.68 | 033 | 068 | 017 | -0.63 | 038 | -0.26
46 | 0.07 | 063 | 024 | 135 | 024 | 078 | 0.22 | 050 | 0.77 | -053 | 071 | 052 | 012 | 117 | -042 | -1.33 | -021 | -0.06
47 | 006 | 063 | -154 | 135 | -1.00 | -1.00 | 022 | 034 | 052 | 001 | 038 | 028 | 0.76 | 069 | 151 | 085 | 086 | -0.35
48 | 012 | 063 | 154 | -2.03 | 070 | 059 | 118 | 0.09 | 041 | 028 | -0.81 | -022 | 0.63 | 050 | -0.31 | -1.49 | 045 | 0.85
49 | 056 | 063 | -154 | -034 | 113 | 0.64 | 045 | 1.07 | -0.16 | 067 | 054 | 064 | 050 | 1.76 | 056 | 015 | 016 | -2.39
50 | 0.86 | 039 | 154 | 2.03 | 036  -0.69 | -1.37 | -0.03 | 096 | 045 | -0.85 | 013 | -0.65 | -041 | -0.66 | 112 | 117 | 037
51 | -1.04 | -0.63 | 154 | 034 | 117 | 020 | 1.21 | 079 | 240 | -0.04 | 037 | -142 | 046 | 220 | -1.81 | -032 | 141 | -0.38
52 | 045 | -0.63 | -154 | -0.34

53 | -0.35 | -0.63 | 154 | 034 | 090 | 093 | 019 | 010 | 027 | 072 | 0.84 | 028 | -0.07 | -0.09 | 149 | -0.06 | -037 | -0.47
54 | -0.69 | -0.63 | 154 | 034 | 122 | 050 | 044 | -0.30 | -0.84 | -1.65 | 028 | 027 | 030 | 1.01 | 000 | 069 | -012 | -0.08
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&‘ﬁge Soil-Ni srodiir Landuse CSoOllolr Prin 1 |Prin 2|Prin 3|Prin 4| Prin 5|Prin 6 | Prin 7 Prin 8 Prin 9 Plr(i)n Plriln Plr;“ Plri;‘ Plri“
55 | 0.05 | -063 | 024 | 034 | 130 | 079 | 0.40 | 019 | 0.03 | 047 | 0.01 | 011  -0.05 | 011 | 092 | 0.00 | -0.86 | 0.60
56 | 050 | -0.63 | 154 | 2.03 | -1.05 | 094 | 041 | 035 | 034 | 176 | 0.03 | 044 | 071 | 008 | 061 | 026 | -038 | 2.14
57 | 088 | -063 | 154 | 118 | 0.88 | 057 | 0.22 | -1.02 | -0.52 | -143 | 075 | 050 | 052 | -0.61 | 0.08 | 058 | 0.64 | 251
58 | -0.20 | -0.63 | 024 | 208 | 025  -0.87 | 059 | -052 | 019 | 112 | -1.62 | 054 | -0.06 | -0.21 | -045 | -0.35 | 0.86 | 048
50 | 3.06 | -0.63 | 024 | 203 | 0.69 | -1.06 | 048 | 1.09 | 1.63 | -047 | 054 | 014 | 048 | 115 | -2.27 | 0.20 | -2.35 | -0.02
60 | 011 | -063 | 024 | 203 | 094 | 079 | 027 | 021 | 0.04 | -053 | 011 | 0.05 | 031 | -0.05 | 050 | 1.01 | 096 | -1.51
61 | 246 | -063 | 024 | 203 | 041  -0.69 | 047 | 172 | 114 | 195 010 | 117 | 012 | <126 | -2.51 | 222 | 1.07 | -047
62 | 136 | -063 | 024 | 118 | 0.66 | 052 | 053 | 036 | 012 | -073 | 045 | 049 | -018 | 033 | -018 | 069 | 071 | 042
63 | 033 | -063 | 024 | 118 | 098 | 058 | 0.97 | 058 | 015 | -018 | 113 | 014 | 0.75 | 051 | -018 | -0.65 | 027 | 041
64 | 111 | -063 | 024 | 118 | 141 033 | 0.09 | 029 | -058 | -0.07 | 027 | 045 | 014 | 003 | -0.63 | -1.20 | -014 | -2.25
65 | 121 | -063 | 024 | 118 | 139  -0.05 | 035 | -019 | <140 | 091 | 0.67 -022 | 061 | 029 | 117 | -1.06 | 096 | -1.13
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Chapterlll. AF SFAIJEYFY F5& 8 L JEFEE

rok

B 0ge] S o] me ARA wE YA B 98 Zvtel o)
240 U@ BYNES AGSE APl S

713 JtHLim et al, 2008). $-&]1}&}te]
- F922 Ni, Cu, Znoll A A

o2 747} 40, 50, 300 mg kglS EXO 9 71F 02, 100, 125, 700 mg kg
].

Ahn et al.(2006)% A FA)
I % Ni¢ HgEo] 183 mg kg 12 AA ES BEdEEY = Bl
kil o= FHuetY EGLAFHIIES 49 ol =3 Zlolt kI E
AHe B T Ni g3°] e 7283} 3L, olggo} SollM= Bas
vl JTH(Emmanuel et al., 2006; Paola et al,, 2003). Lim et al.(2008)2 A|F%= E
F T Nig@o] =& Aoz I EYY A7 He B AAY Fol
=< A BEo] Al b AR el o3 A2 B v lth

EY TY FE5] AAZ FA= F JA O vA= G B A7 =
QoA Fo] FAHI Utk dRbHo T EF F A& 59
A= AHAATE 9A YEUYEE d FEFS EGFY ARET E8EHL
AEFEE AEe 2 F glttr H7HE Aok (Chojnacka et al, 2005; Feng et
al., 2005; Yang et al., 2001). o]dol+= EY TaEHd g3 AE]EA FrHodA
= o]&st= o] ngAsda  FHEHIoH,
ddo] AA yeue= d97F Bob H2
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FEES 27 BAGME oleBEst GF FEAL AEHT oF I FF
A A7) B FES JRRANS FAHE F8F =72 BEHD

ATt (Doelsch et al.,, 2008; Jung et al, 2000; Pénilla et al, 2005; Sidenko et al., 2007
Silveira et al., 2006; Sprynskyy, 2001; Yang et al., 2001; Yoo et al., 1995). g4,

A2A) WANE Belol AR 5 BRG] we vie) FAe BAs
o ABHEAL BANIE B AW FFE0 geh ool T2 4%
A f12ARe WMIAE TFsy] R 5AF ) TS FEE NFoR F

59 AEFEAS H7iske de A8+ w23 5 (Brun et al., 2001).
Ahn et al.(2006)2} Lim et al.2008)2> A|F% SIS EoA Niel #AdsHi &

o] ¥l o= Q3 &AFE QT ojE ol mEL YFS Harste] o]

E AEFEEE Hriete dA7e Bidg b gk wepx AFE EF Ni
o] =2 Aol B VU=, EAStE w8o] H FEA e oM, AE
FEZ7F BOE EYY VE Uil 159 FEE Ve WAse T9 A
BAENE AFS A WL AxH HES Heko] FRiF oo & Flojtt. gt
H vyt 49 78 1070 4 uis] Pbel Cdoll &3t 71E7 A FH o
U= Aol (AeF, 2006)

B A7Es AFE S EUY Ni, Cu, ZnS WAL E E = FFE B
8 EAS YotEi, 559 o]l A7 e EGA AuE FAAA o)
F4d S5 EYSY 289 AABAE 7HE AT Ade 18T
ds A% ES TESY #Y7Fd B 712 ARE staal 43 = Aok

1) EFAE AF

A ZAEA e o] 8 EYAEE APde] ZAME Lim et al.(2008)9] EUAIR
A FoAX EF T Ni g&o] 36 ~ 274 mg - kg-122 WHo|7} & Aby
4%, T8, 75, EAS dEAH s/LA A AHED EF] 7182
E%2 Table 16 VeP T, AFAAHL Fig. 10 Vet

:é
)
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~
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Table 1. Land use of sampling sites and Ni, Zn, Cu contents of soil samples.

Total-Ni Total-Zn Total-Cu

Sample Soil series Land use ;
mg * kg’

A Sanbang Pasture 274" 104° 49.7°

B Weolryeong Upland 176" 73.7° 32.5¢

C  Jungmun Pasture 88.4° 125° 61.7°

D  Mureung Upland 451¢ 56.4° 24.0°

E  Tosan Forest 36.7° 101° 41.5°

The different letter in the column stands for the significant difference of the
means at P<0.05.

{ g L8 \\V

Q \ .‘
i

Kilometers

Fig. 1. Locations of soil sampling on Jeju island.
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0 &=
TuEHe TAsAY FEE/2FE ¥ (Sulfide/residual fraction) 4M HNO3
L2 ol o
[e)

GOz TN 1647 A% A2 F §9 F FFH =S 2HFGh

Z47ke) oA AHE EFS 35x35x30 cm] AR TEC ©a HAA
(Pakchoi, Brassica campestris var. chinensis)& XE T 554 A23ta H| 3}
22 YoM Auistdet. vlE= A2 59 el N, P205, K20E 77+ 160, 80,
120 kg ha-19] &S AlHIgE & 4HojFlom, Auj7]|7Ee 20074 4¥€ 109 H
2ete] 59 159 3t

4) EF 2 HEA 24
EYAEY Ni, Zn, Cu A FFe AlFE 05 g& Pro]aZ9o]H (Model
MARS 5, CEM Co.) Vesseldll #3}e] USA EPA Method 3051(1996)% o] <<=

(&2 3 ml + 439 ml) 12 miE 71 F HHshE HAe 2oz B ¥ S
oA Nt FEAdF=ert AAPTEE 37 (Model GBC, Australia)2 4 %
stalek 24 B4& FAAE = AR AHFE F F ¥z 22, A=

3 & B3 oS 05¢2 FH3te] Ternary solution(HNO3 : HCIO4 : H2S04
=10 : 4 1) 10mlE 7Fsked 7} Zefste] A& F=dF=ehrt dAE
e

3 A (Model GBC, Australia)Z Ni, Zn % Cu &3S =43

3. Z2 2 a%

1) Ni, Zn, Cu®l 43S 54
Table 2] ZALE 57 &



ANA 893% = Ni A o] =S5 =4 Uehdes FAFoldtt ESGH s
A%d FEeH X Ni FFuE&S 25 33% €HTF20% TEF
24%, F5%F 50%, EAME 64%%E YElNTh Cudl Btole FE&Eo X&H FF
PRS- 14 ~ 31%, F71538 FFH &2 108 ~ 129%, @49 H FFR &2
26 ~ 57%, F3EZ/AFE FFHEL 80% WAE F71EFE FFHlLo] Ni,
Znoll Blsf Aoz FA UEEon, o3& Yoo and Hyun(1985), Yoo et
al.(1995)¢] Cue #71=¥% 2% 9] Ave Hist dA 5= 230

Table 2. Contents and distribution of Ni, Zn, Cu in 5 types of soils by

sequential extraction(mg kg”, %).

Sanbang Weolryeong Jungmun Mureung Tosan
Fractions series series series series series

Ni Zn Cu Ni Zn Cu Ni Zn Cu Ni Zn Cu Ni Zn Cu

c# b c C C 4 d C b b C b C b c
Water 0260 01" 04 015 00" 02° 012° 00 02° 0.03" 00" 02" 0.08 00" 02

soluble (o 1y" (01) (0.8) (01) (0.0) (0.6) (0.1) (0.0) (04) (0.1) (0.0) (0.8) (0.2) (0.0) (0.5)

b b be be be @ c b a be b a a c
Exchange- 321° 03° 07° 335% 03% 07% 202° 00° 06 222 03* 06" 229" 17 05

able 12y (03) (15) (19) (04) (22) (23) (0.0) (1.0) @49) (0.5 (23) (62) (17) (12

Org. 802 16" 64" 543° 05° 35 565° 24" 76' 236° 06" 30° 088° 04° 53

bound  m9) (15 (129) (3.1) (07) (108) (64) (1.9 (123) (3.2) (1.0) (124) 24) (04) (12.7)

512° 22* 1.7° 992° 35 19° 3.03° 44 18 2674 22° 08" 174 18 1.1°
Carbonate

(19) (1) (33) (5.6) A7) (7) (34) (35 (29) (59 (38) (33) (47) (1.8) (26)

$
Sulfide & 2577 999 406 157 694 262 776 118 515 378 535 195 317 972 344

residue (93 9) (96.0) (81.6) (89.3) (94.2) (80.6) (87.8) (94.5) (83.4) (83.9) (94.6) (81.3) (86.4) (96.1) (83.0)

sum 274 104 49.7 176 73.7 325 884 125 61.7 451 565 240 36.7 101 415

* Duncan’s Multiple Range Test at p=0.05.
* Values are excluded from statistical calculation.
" numbers in parenthesis indicate the percentage of each fraction to sum.
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Fig. 2. Fractionation patterns of Ni, Zn, and Cu in 5 soil series.
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Fig. 3. Contents of Ni, Zn, and Cu in roots (J) and leaves (II) of Pakchai. A,
B, C, D, and E mean soil series of Sanbang, Weolryeong, Jungmun,

Mureung, Tosan soil series, respectively.
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Table 3. Concentrations of Ni, Zn, Cu in root and shots of Pakchoi grown 5
types of soils (mg kg™).

Soil Shoot Root
type Ni Zn Cu Ni Zn Cu
Sanbang series tr. 447 91™ 21.6" 39.9° 10.0°
Weolryeong series tr. 38.9° 7.6 28.1° 34.1° 9.3°
Jungmun series tr. 53.2°  10.0° 28.1° 42.6% 13.5°
Mureung series tr. 39.3° y 36.0° 43.8" 14.3°
Tosan series tr. 79.3° 5.9° 37.5° 55.5° 15.5°

* Duncan’s Multiple Range Test at p=0.05.

Ni, Zn, Cu® E¥ T &4 AEA F
At 84 ZnS AYslie EY 5 2]
FHBAZE GehA gtk e AR ESETH
7h E¥sttgte A A WY FF Aole FIT BEFS
EFAXME AEAEE F5FY 2ozt wig 27] &l Aoz AdHTh
o]9} FALE Al oA Feng et al.(2005)> NaNO3, CaCl2, EDTA, DTPA %<
AEodol o3 EF T Nigtaad Hejo] A3, e dhakate] Jadzrt
sAthkar 3 ©} 9lal, Chojnacka et al.(2005)2 E}% ) ZFA4ol= 24 Nioll #
e EG AT FH citrateF = FFoll tig AEAFF 119 A
0.157, 0.158= F&AAZF A gle Ao= xS vE Uk 53] Ni2 A=A
WellA o]lsx ojfle BY oivzt EY F EH AHAAE WIIE ¥
2o Aol NBAFF T AF7A Y] PH
EA 9 dFE FZ37de v olfta #TE

Table 4. Correlation coefficients between soil extracts and plant contents of
Ni, Zn, and Cu.

Contents in plant

Ni Zn Cu
Water soluble -0.924 -0.235 -0.520
Exchangeable -0.630 0.826 -0.956

Contents Org. bound -0.993 -0.215 0.053
in soil Carbonate -0.522 -0.525 -0.748
Sulfide & residue -0.923 0.253 0.005
Total -0.925 0.232 -0.022
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