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Amami-Oshima, Kagoshima Prefecture, Japan keeps unique and precious natural environ-
ment. On the other hand, high level of harmful elements has been detected in higher predators
including human. These environmental background calls for further investigation for successive
environmental conservation in this area. This study revealed that Cu, Zn, As and Sb primarily,
and Hg, Tl and Pb secondarily are abundant harmful elements included in top soil in Amami-
Oshima. Geological factor in the region was speculated as its cause. Extractive test indicated an
exposure risk via direct inhale of soil dust and uptake to plants and crops. The large concentra-
tion and high supplying potential from top soil are suggested to be main factors of their elevated
content in higher organisms in Amami-Oshima.
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E (LT Ay, 2009) TiE, HARMERBOMWEIC L
D7 I TREOESBAMOBMAVR SN, 1L
TiE, HEEETICN) ERh TEoESREH R (B
5122, 2005, 2009), HIWEHKOERBILY L
LEA Vv ORKPTOHFE (B, 1999) & &5
HHMNEINTWS,

1.2 BEXKBEOHFIERTR CIRERME
Hhidh SNk TlX, £< oh, BELARK



64 o & i, o &
BEMRINTVE, Lz2-T, b0 gk
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OEFEMHADARD b D, & ITEEREIL, HEL
R EEHENURIREZ b R DA H O AL % &
U, 25 A R DS BT O FUEBIIK TS K BERT
bo KM TIX, 7~3I /70y %F (Pentalagus
furnessi) DUFHIRIRFL S B X OF 8 4 By iy il
WHRESH, MHRAEEIBE (EN) I 483N T
W3 (WWF Yy /87, 2009 — 5T, NTHED
TeDIEA SNz~ v 7 — A (Herpestes sp.) %, T
RIV 7o FEeaTs I LI ERAREMEE
LTHOLNT WS, &5, vV 7 —R3EEIZE -
TI3200 uglg ME% B2 5 Hg BIFIRICHH S5 &
W, ABTHIVTH R E R e VR E & RN
WCRFEELTWB Z PSR E > TE7: (Horai et
al., 2006), L7255 T, AROMIBATERD S &I
L7zhbRMdiE, BT v A& ES €572 Tk
<, BUITLEOT A EWMEMREERD »<HT D LW
Z, TS A~ OF 72 e B R &2 FT T
LR MM SN D, T2, BERBHEROINIC
13, ¥ T0.41uglg D As BB &, Zid M
DOEREBRAERE HAKMEICH- L bHESh
Tw5 (Tabataetal., 2006), 2D X912, BEKE
TOELRE - AEMBEITEORED AT 5
ERDVLL DY, THIIHET 2 IEHN R HAIKD 5
N5,

1.3 AHROEH
HERBTREELARIRESN TV S22 TR
<, EE)E - fAFEMETLHE OT, FLOTHET
F) O5A ETERIKFRNBENIBD BN, £ TO
TCHEMEERRC NGB RS PICT L 81, BB
EORECHEMT 2005, LALEEKET
X, HETEOREL NVRLMERICHET 58 3%
WKHRHNTWAE, €2 TARIFIETIE, BERKBIIBIT
% HARBRBE OIRHE L A EITCHEIEER DO R I = X LR %
HiE LT, A2 OAETEIZ»2b ) OifvERE O
HETKRBEZGNL, ThOoOBERL L, B
W53 B L OB~ ORATYE & s L 72,

2. BABETE

2.1 BFREGbEB X OB ORI
THHB ORI E LT, BERNOIZIZTE %10
km OB THN—95 L9519 % ZEL, 2009

fi A2, &

AR, & 7

F6H25H B L U26H, TWifiHuizsh, Wekd, WL
WIS OBARN, MR 72 &2 5 RB 2RI L 720 W
TNOWLET S, KB Z BT 2720, Rk
OB~ Et mEEh b, T & oM
%% L7 (Tablel, Fig.1). &FMATIE, HwWiZ
FlmBEN/z35D, E5em TTOTIEZREL,
Lw) BSARCRELZDOER)ZFL VE#E=—)L
LITANTHBED, —30°C THHRAEL 7,

2.2 HEORERE, 45, HH

R T RO, B, Kh, KW R R R E,
WIS TR S8, ASE VTR L7z, HtwT,
F££2.0 mm O IEEIBPEO 28 L, DUF 3o iR
WCHI B Gz T & L7z

iR, JEEZM140.100 g 27 7 12 ~ PFA
BONA TOVITKHFEL, fiifE2 mL, 7 v LKEEL1 mL
ZHRMLT, 200W D<A 707 o — 7852
i C155 MBS %2 17 - 720 N4 TV 2 H IR
L7z, B#ELT100°C D#MEIZEE, X7 T34
ENT TN F Y N NTHT ERBEESE, &5
\2, 5% Mk (BRA L bR A48 EL S /R) (2
%L, No.5C DAHMIZHML TH25 mLIZERE L7,
BT, HEPICEENLAETEOEY ML
RETFORE % WA 5720, 1mol/L iR L O
KIZX e S MR Z 1T 5 720 1 mol/L 3 IC X
HHiHE, #81.02 g 121 mol/L ¥ #34 mL RN L
T, ‘WL H E T200 rpm, 1§E4 cm O A% 3R % % 2
115 720 & D %305 i L, 3,000 rpm T205 [
O EEE ATV, No. 5C AR L 72 BB AR E R
e Lize ToHER, [RAMO LEDH R RS
B B (DUF, R RRi k) BX O [
BIGGS R ICB T 2 e A (BREAERE19
F) WHLZHDTH L, Tk ClE, EERIC
& 1) pH 5.8~6.31Z71% L 72884t 7k30 mL % i #}3.00
g 2z, WiWE T200 rpm, 1E4 cm DOREIRE %6
AT o 720 £ D305 #E L, 3,000 rpm T205
D05 BE % 4TV, No. 5C A2 L 7z B8 Al
R E L7z SOl [HEHRSEE] 2B
JAE MR BREAEREL8T) CELLLDT
5o

2.3 TRMF

YRh ZNEERE TR L LT, HEBETIAHE
HOMTET (ICP-MS, Agilent 7500a) 12X 1) 225C%
('Li, *Mg, “Ca, 'V, ®*Cr, *Mn, “Fe, *Co, “Ni,
®Cu, %Zn, “Ga, "As, “Se, “Rb, *Sr, Cd, *Sb,
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Locations soil samples
were collected

10km [TTTTY uwan unit (Chichibu belt)

28° 30

Wano fomation
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T j] Yakugachi unit belt
% Arangachi unit

A4 l Hombu unit (Sanbo zan belt)

Fig.1 Map of the 19 locations where top soil was collected and distribution of
geology in Amami-Oshima. The geological information was referred from

Takeuchi (1994).

¥Cs, "Ba, *Tl, **Pb) % & L 72, % 72 Hg 4,
WAL — 2 X LBk % H W R e S LR IR X
D#lE L7 (CVAAS, i HG-400)

2.4 TI% pH OAIE

JEEZAI 10 g \OBMK25 mL Z M CIRE L, 18
W U7ze MERNICEE <Rl L CHEEm 3¢, 75
ABMIZE Y pHH0) ZWE L 72

3. BREZBE

3.1 BAETROLEBRELANIL

AW THUE L7223CRKOREDH B, Cu, Zn,
As, Sbid, &ERBRIC X BHRKIEEIZZNZN59.6,
638, 59.7, 4.13 mg/kg, F I 3 % h #1393,
234, 17.2, 2.08 mg/kg 2% 2 ® 5 1 72 (Table 2,
Fig.2). 2N b omFEiF, &H (2010) 12X % 15
ICRIERE OIEHYRE & L L C, Rh—F¥—K
KiEEIZZNZFN, Cud’l.16—2.07—3.14f%, Zn o°
1.57—3.91—10.7f%, As %%0.80—2.53—8.75f%, Sb
$32.32—5.61—11.2fF & & {ITHW L XVICEE L 72

(Fig. 3)o S 512, B ZHML 72192 D 5 bR
JEAIETB R L ANV &l 2 72 E0E, Cu, Zn, Sb s
19, As A’18& 3T TIZEL 726 Cu, Zn, As, Sb
DATLFEE, REOFHMBIEH L L XL o250, 1
Tho7el2 TR, ®Mi (Zh2h22.1, 542,
94.2, 0.86 mg/kg) bIFHELNWITEVrZNLLE
THY, BHNOETEHVIRENGAT 52 LATRIE

Iz,

Sr, Hg, TI, Pb i, ‘FHiREA 147, 0.10, 0.50,
29.1mgkg TH o 720 wPp—FH—kKiREIZ,
BYL NV &l LT, Sri30.008—1.50—9.961%,
Hg 1£0.29—1.65—2.78f%, T1130.97—1.60—2.64
f%, Pb130.80—1.69—3.45f5T&H - 7= (Fig.3). %
7z, Srix6HsT, Hg (Z17H#0sT, T11218H#57, PbiX18
WL CIEHR L NV DL EORENRD 5 h7:, Hg,
T, Pb I A LD EAIEF G L X)L % LAl > 72
A%, FEMEIL Sr & & L1, RAMEIX He,
Tl, Pb D320 DA ETLHKIISMEHIHOHHTH L Z &
25, Cu, Zn, As, ShICREEFHHICH L LR
Do,

Ni (Z12#57, Se (Z14H5%%, IFHFREL XLV E SR
%0.47 mg/kg B £ 24 mg/kg % L8l 5 725 (Table
2), w/h—FH—RKBEIZ, FEHRLVIIHL
T Ni 130.59—1.14—1.69%, Se 130.72—1.26—2.17
fECcH VY, Hizk L7z Cu, Zn, As, Sb, Sr, Hg, TI,
Pb I EDOEWEIIA SN A - 72, Li, Ca, Mn, Cd
b, EHG L N IZx L T Li 5%0.56—0.87—2.10
f&, Ca #%0.02—1.38—17.894%, Mn %%0.37—0.96
—2.441%, Cd 250.28—0.67—2.00f% 2 & & F - 7
(Fig. 3)o & <1T, BMOWAEMESM SN S Cd 23ITG
MLl B 2R L7200, mEiRE N % & O T2
H, FRRIC Mn iZ7THETH Y, 2BN2EL VI
AN ho7z (Table2)o TNHLAMDOITLHICEL
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Content criterion (15mg
As/kg) designated by Soil

Non—polluted level; As 6.82mg/kg,
Pb 17.2mg/kg (Asami, 2010)

Elution criterion (0.1mg Pb/kg)

Pollution Control Act

designated by Soil Contamination
Countermeasure Act

100 \

10 HI]

0.1 I
0.01 | :
— N
<<

Total content per soil (mg/kg)

Water soluble / Acid extractable /

A3

-
<

Al

A4 D—
A5 E——
A6 D—
A19 e
A7 —
A8 mmm

A9

LI

Sampling location

A4 ——

A5

Total content
(digested with HF—
HNO,)

Acid extractable
—(1mol/L HCI)

Water soluble
(pH5.8-6.3 )

| Y k0.1
~
<

o go—wmﬁ-mwr\w
< LI

A6 D

A8_

Fig.2 Total content, acid extractable and water soluble fractions of As and Pb
per soil and their comparison with non-polluted and criterion level.

T, WEEEDEE (2010) 12 X 2 JE75 el R il
Thoh, TN EDOHE 19 h 5T o
Wi THDH I EHBD LN,

DERs, EREBERRTBICBI2HETEOR
ELAXWiE, Cu, Zn, As, ST H D &<
IZE <, Hg, TI, Pb ARV THEHICMHET S L
NIVIZH B LR SNz, €2 TUROERE, h
LTRLEICEEEYNTHIID, AERBIOIES
OO Cd % Eaitfe LTHEDTW L,

3.2 TRREOHMIZIH

ESNICBUT B0 I & ORE, T Eik s
DOFHEEEET 5 &, ARUFSETHE 2 RILL 72194
SO, TIEEm R (A1, A2, A3, A4), [FEET
mit] (A5, A6, A19), [h#fdti=] (A7, A8, A9,
A10), v 5 #B) (A11, A12, A13, Al4, Al5),
[ Al (A16, A17, Al18) D5MIXIZHHET
%% (Fig. 1,

[fEEmimidy ] o3Hiix, ABBEI R & HEH
ENLHITH S, A6TIE Sb 73.4 mg/kg, A19T
1% Zn $%638 mg/kg #7n L, ENEFNEA (2010) 12
X 2 IEH GBI L T9.25 8 X UN10.76%
EEWLANILVTH o2, o2 iiTid, SbidIEisg
flin2.3~3.2f%, Zn32.2~45ThH-70 —H, A

BIEBE )M nwEEZ SRS [WHEkILE] 13, A9
T Zn 2579 mg/kg (9.7f5), A10T Sb 7%4.13 mg/kg
(11.2F5) 7Zo7-&wv9 X918, LHRIZK > THEHWHE
BORTHE AR 5 TWizo Cu, Zn, As, Sb D45T
FIRTHIEFHYME GRAE, 2010) D22f5PL B2 -7
DI, LRI FO A3, EEMHH O A6, HHL
FED ATE A10, HREED A13E Al4, R ERE D
A16D A17E IR Z GO THENOEBIZbz>TH
D (Fig.4), A0 (BEWF—2LX=, WTNM]
A= A=Y, FEMAT R — A R—, FHRE A — L
R—=Y, KA F—2LR=Y) mi (FHL5E
B, 2006L WHEE) REDANBEBELITIELDIHO
PERAEE ST ARG LT b e b7z,
LIS, As B OV T10 mg/kg Hil 4 & LBV
WIRFEDS AR BTz A3, D & I 15 mg/kg FEEE
DIED5AT T AR E Tz BEKBIE, PEkr
STy A HH AR ICENT L L vy
A E A LCB Y GBIRIFA, 1983; ¥, 2010) ,
VU5 7 X v B s R AT A
MoNTWS (K- MK, 2004, 72, BEKE
FJEg 1IETIZ As DIFHIC Cu, Zn, Sb, Hg, TI, Pb
TELICEHWLRVDBARLND, #HBikT 5 X912
INHTHRRIFVTINDBMICEICH S, 1R
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Fig.3 Concentration ratios of heavy metals and trace elements in top soil collected in
Amami-Oshima to the non-polluted level compiled by Asami (2010).

Wikrh CHiEEOBmWITE TH L R - IR,
1997) . ERIZAMIKTIZ, ZhS5DOTLEMICIEDH
BIAHR LN THBY (3.3Hi), FFEM %A HE
M7 IS HSR S 2 W REEATE W & Ml S 7z,

3.3 TREEBSLUEHMADOTRERBICE T

FYENED

190N R T RTEMF E LT, TRIREOM
B % Spearman D NEAAZAHBYE: THiE L 745K (Table
3), HAELZIEOHE (p<0.05) ZRLIZTERTD
KPE, TAaN&E, TvhY) REEEICRES R
LHPATLEDOMER, F721& Cr, Mn, Fe, Ni, Co
WCRESNDBFICHEOMEM TH 572, £ {12 Ca
L Sr oz, MK R) 250977 EbOTH
WIEDHBERA SN2 &2 b, BNEHIZh-
T, WILHEOBEEY XK T 2 ERPSF—-THE I L
RSNz,

— A NATEGABAEAL LR T WL H &9 LTI,
Cu-Sb, Cu-Tl, Cu-Pb, Zn-Cd, Cd-Pb, Sb-Tl, Sb
-Pb, Hg-Tl DM AGHLETHELHE»RD Shiz
(p<0.05), As & Sb 135%KHETHBEMEITA LN R
Mo, fEHRFE (p) 130.057% R L CHE M 0Lt
B\ BfRMA bz —F T, Cu, Zn, As, Cd,
Sb, Hg, Tl, Pb ®8ICHE D HIF /545 13 N & iGE) & @
MREZRLTESLT (3.2f1), /2, Thnidwih
LBCRICHESNL, L > T, BEKERE
THPTHLARVBALNIHFETLELE ) LAEWH
B Z2RTOIx, ZILRVEFICS LFMEEICLD
A U B BRI S 2 0 AT W & HEl S /e,

Cu, Zn, As, Cd, Sb, Hg, TI, Pb i3 AB{HYA
A LR WILETH 5%, Li-Cu, Li-Sb, Li-Tl, Mg
-Pb, Ca-Tl, Sr-Tl, Cr-Cu, Mn-Cu, Fe-Cu, Ni-Cu,
Co-Cu, Mn-Cd, Ni-Cd, Fe-Hg, Fe-Tl, Ni-T1® X
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Fig.4 Ratio of Cu, Zn As and Sb concentrations in top soil collected in the 19 loca-
tions in Amami-Oshima to their non-polluted level; the innermost circle indi-
cates the non-polluted level compiled by Asami (2010).

I, BSITCEUMNE D AR LMEAFRD SN (p
<0.05) o 7272L, TN b EAEICHME L Li, Mg,
Ca, Sr, Cr, Mn, Fe, Ni, Co %, Wi H4LEIH
ATLHE, BRESITERIBHICH L LT HERTHEH
RO NITLETH S (B - 1B, 1997), L7zhio
T, CuZe &8tHK Motk L MRS, WEWKN T
WCERENRTWwWL EEZ 5N,

3.4 LEpH

pH(H:0)Z, BERESTEB L6 LAVRS
N7z (Tabled), & IZHFPEZE&TILEIHER A
1~A4B X OHERILRE D ASTIZ7%2 8 2 % pH AR
5N, BEWTEHD A5, A6, A19, WHEHEF
D A16~A18i%, pH6%H #% ¥ % H.0v 12, pH 6.38~
6.89WRD LMTze —HT, BOMILSEERICH 2
L EE RO A9 A10, HEE O A11~A1514,
pH 6 AT % HUlMZ5.90~6.75 DA R S N7z,
BERBRLMZER L, BEREICIBT 5 L8ITA
IRE®mHL i pH T3ENL LM L, £ ISt
BEoKpH BEIRET A EPMONATWS G
7L, 2009), 13 pH IZ6F & FLL EASA & 7z His

1, A8ZBR\ TS TR B kg F 710U 5 i 44
2=y bOHIICENST S (Fig. L1, 1994), =
DX HIZ, 13 pH O b EERITEES LTV
bLEZ bz,

3.5 flithig& DB
WEKEEE IO Cu, Zn, SR, L2
i (Rl - #m 1, 2010) RHASLL (KA, 2010)
DO FFIF &\ o 72 8RIITE G HUIE O L ~XOVIZPERE L 72,
F72, Zn Lk As i3, W - KETH O BE K HE I HL IS
BIF 5% (Wang and Zhang, 2005; Wang et al.,
2005) % LAlo 72 b & h o fze KEETI, W
L 7=5ide & Bl TEABICEE ) KARZER E LT,
IR B CEEKHEMEA 4R IS b o T Thh, &
Ve DRIGE DAY & 72 B LSOV D 13T Ye S i AR §
LM TH S (Liu et al., 2005), S 5HIZ, As & Sb
EETHERE R O 13 (FA1E2, 2002; Ozaki et al.,
2004; fii 22>, 2009) ZHALPITHZ 5 LAV HFE
D5 NIz FHEREB O3B IFHBHEETZIZ LD
T BRHDNEIGEIPES T, BRI IIIEE Y
LRVOB~FEREERT LD v (KA,
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Table 4 Hydrogen ion concentration index (pH
(H20)) of the top soil collected in Amami-

Oshima.

Area Location pH (H,0)

North—east area Al 713
Southern shore A2 ------------------ 717 -----
A3 703
A 725

Area mean 7.15

Amami city area AD 6.38
A6 679
A9 689

Area mean 6.69

Central area A7 6.97
Northern shore A8 ----------------- 716 -----
Y 654
A0 651

Area mean 6.80

South—central All 5.90
area A2 675
A3 633
A4 613
A5 626

Area mean 6.27

South-central A16 6.45
Southern shore A17 ---------------- 678 -----
A8 649

Area mean 6.57

Entire mean 6.68

2010), As iEFE1Z% { O T10 mg/kg B £SO
S, YV AMTRBICBT HiEEHEO LAIE
L7: (Fig.5)o

AT AMTMIBICBIT 5 As {HETIE, T3EPR
EDRFIC L o TRELIESDL 2, (Julian et al.,
2007; Selim et al., 2010), As##EiX Mn B X U Fe
DEEEHBICHET LI MO DD (flik,

e, &

AR, & 7

2007), EERKERE TIETASREDIXSD X1FIX
B/ E < (Fig.5), Mn B X U'Fe & OB H &
LNTHRV, ZOZ RS, BERKETHLER~AD
AsBEBEIVAZIIBESEIND —FHT, BEPFAs LR
WEADX A =X NIERR D 2 PRI

Cu & Pb (&, #TEERG TEICBT 5 E L I
YIRS S NT2AS, BEKHEM R & d M2 h
Y ETHo720 Mn, Cd, Fe, Hg b AN 1145 HIKIZ
BlF o (JEEIZH, 2002; BWIZA, 2005) Kb
EZER L2 STOXHIC, BERKBOERE1IEIZH
FAHITEL N I & XD &, BROITTENA
W TIEHONIZEWLRLVTHL I ERRED LN
720

3.6 A & MG

Hilk L7z & 912, BERBEROREOINICIZTY
0.41 mg/kg & FHRED As BB E T 5 (Tabata
et al., 2006), F 72AHfFETiX, Cu, As, Sb, Zn D
(32>, Hg, T1, Pb T XJF IIETEEIBREITH VHE
VRO LNz Lz oT, AsZIF TR, KD
TR BRI EOEEWA %2 LT ANFEEL T
WL ZENReEINS, TEPFOFEEILEIE, 1mol/
LM it S amissid, #Etoki EFIcks
WEER ADSEHERA LB E 2 SIS b &=ICH
Y42 (PRBERES, 2002) o $7- pH #5.8~6.3
CFREE L 7K TR S A I 1E, FERICRE D T
R, WY BEM~OBITIE AW 28 U TREC
BEHREMITHNUT S (PRERERHRS, 2002),

INH2M DR DR, As i3 A19T T X TH1
mol/L i CHiH S iz, 2O TlE, 1 mol
/LIEERINI Tl310~30% M, KTk sbs ik
0.2~1%% i E 7z (Table 5, Fig.2), 1354
Bk Cld, 1mol/L ¥EEEH T, KHIEh D As
IREIAEZ 15 mg/kg L DT WD, AHERTIE, 14
HO(A19) AEREBZ, S5 A1B L
A12) 35 D7.5 mgkg U ETH - 720 AL,
TG et KT B I BRSNS T 5 25, As
BRI O (A2) & NEERT D4 T (Al1,
A12, A13, Al14) THIHEMH (mg/L X—R) MHH4#E0.1
mg/kg % Bl L7z, Tabata (I (2006) ¥, FEFEK
BAEROEONIZBITF 55\ As BRI, T A R
e EAY OB Cld ik & oEEFHATE A
WEBRTWS, 2O ER5Y, HikEOTHME As
REHAT L THRELWITHERIMAT S I L5, R
2B 2 As LNVIZHEG LTwAEEZ BN,
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Fig.5 Inter-regional comparison of soil arsenic concentrations among Amami-Oshima
and other concerned areas *'for clean site (Ozaki et al., 2004) and **for volcano
(Ozaki et al., 2004) in Japan, **for urban road side soil in Nagano and Tokyo
(Shiraishi et al., 2002, Ozaki et al., 2004 and Inada et al., 2009), **for Ashio Cop-
per Mine area (Ozaki and Fukushi, 2010), **for Hosokura Mine area (Asami,
2010), **from sewage water irrigated land in Tianjin, China (Wang and Zhang,
2005) and *"from arsenic polluted area in Bangladesh (Julian et al., 2007; Selim

et al., 2010).

As L LB IZEIChlo THIEEZR L Cu,
Zn, Sb» 9 B, 1molV/LIEMEIC & - T Zn 13527~
326 mg/kg, Sb (30.118~3.98 mg/kg Al s h, 4
2K L Zn 135.6~51.1%, Sb1313.8~96.4%12
2 L 72 (Table5)o Sbix, Al~5, 8T1 mol/L i I
TRE & 23502 IGE L 72 LzS>TI N 633E
Fb, LAICTERELZZEIIRVCALEAIZ) A2
BEUHELEEZ BN, 1mol/LIEREMHEE® Sb
B50%% Bz -9 b, Al~4, 8Tk I 3
pH(H.0) 237 L& 7R L7ze F72 Al~51F, BoduH

WS HRREICAE L TB Y, FoMEIRMTac
SEENS GRIRIZ A, 1983; 7T N, 1994; I I,
2010), Sb DI HEPpH BEH W IZEL L b L
DOHEDHY CEFHS, 1999), AR tigEhofE
TEEDOEWIEIZT TR L, AW D B ERIC
KA Bl etk AR S iz,

Pb ¥, 7 vAbREREZ Hwias @iz v s
LU NUDPREDHLNIZTEHETH S, 72, Pb D1 mol
/L 35 W 2 1340~60%, K R I A2, All,
Al4D3M R 2R E 1% K TH o 720 LI LAITLED
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AhEE, o3t e St hEiEREUN DL
HPH (A2, A4, A5, A7, A9, All, Al3, Al4) T
B MR A L R0 1 mgke R T 5, 0.29~
1.99 mg/kg BED SN Tze L72d 5T, RIEW~D
BATRAERIANTOBBICE L TS ET L EE 2
517z (Table 5, Fig.2).

Cd &, 1mol/L IEM Tl &EREE D50~80%IZdH
72 % #90.04~0.45 mg/kg A3l & L 7zo A9TIE, 1
mol/L 35 B2 3 ) & £%0.447 mg/kg, & & ¥ 1%0.592
mg/kg TMiH & bRAMEEZ/R LA (Table5), 135
Yl bk TIE, Zkd o Cd R LR %20.4 mgkg &
EHTHY, HEPIZBIT 5 Cd OBV KIERNEE %
B35 &, KEERIZRIEW~NORIT) A7 2§ L&
=Y (I

Hg ¥, EKETORATHEIIBNT, HXHME
EWERNTEBENRD SN/ THETH S (Horai et
al., 2006), ARWIZETIE, K TIEZ AR TRR
fiti (0.035 ug/kg) #imi, 1 mol/L &M = (1X5~25
ughkg &, &EIIx L THMAQ20%EEZ 5051
EE ol Lo T, BAMEAMEND Hg &
1, HEP SO Hg O BRHE721) TIEFH TE 4
Vo LU Hgld, W% U7z AmiEiEd e <
WICRKREWILHETH ) (EEITH, 2011), & HgilE
LAV IR E L S 2 (316, EkAE
MBI LERLANVICHEL ) 52— Il b LE R
bbb,

DbEds, ®EREBORE HIETEHREISINS
HETHFEDH B, £ I As, Sb, Pb, Cd, XKW\ T
CubB L UHglE, %X LIPTHEOWAIZ D WTIER
UYL EHEN SN, P, MEOBEER AL
ZTHEMIC X 2 RETROIHRC, BIEMA~OBAITIZHE
IVRBIVAI#HETHLEEZ LN, LA -T, &
IR E KA THEITLRIREISE L XV BA LN
PRI, THEREOW ALY B L O RIEM~DORLT
WG-S5 EHEEINT,

4. #& E ]

wEREOFEEHIHIIE, £ I12Cu, Zn, As, Sb
A, RWTHg, T, Pb A IEHLLEE L THIE
BICEINLIEELKTHLZEVHLNE SN, £
MINDOITCHRMEAEIE B Z EHTRBE I NI, S 51T,
THIZB T2 BREOHETLH L AVIENGT i o
&) B ERAES-§ 5 REMEIE 2 Sz, &
Wi L B S A ORI, BEFOSHIZLD

Ny 7275y Nefik Lz EkMbFRExEs85
BE, WoZ)OBEIRD LI, FNICZX o THIE
FEORRBEHICHLNIC R EHFENE, T
KW E=2 ) v 7ML, EWEELEEIRED
e EARERIC BT 2 TR MR EZ M L Tw L 2 LA,
RHIg o BRBREORBEICHM T2 b0 EEZ N
b0
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