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EFEHDMPRE S, SRS 7 b, EE o
(E=RE R R R 7 1) R4 L,
A (Cu), $h (Pb), v3% (As) OERNNETE Lz,

19714EIC I3 AR B & L, BlE (BIEESD B,
o1 8mBEN T %, HZT 0 ~10em, 10~20cm,
20~NemDFES Pt LTLERMBEIE Lo, 1z,

HTEL L IFETORY, Br5 2ms 4 mEENHSE
BT AEREOLESTTR o1,

197541 IX83E A B & LTRSS . 8m¥En - s
&, HEET 0 ~15em, 16~30em®@EEIHNCTEL L, £&£F
BEOEN, INEBTESE & pH4,5-N-FrEE 7
T o AUESRIEDOVWCOATET L o0, Fic, H
HE OB SEEERL. 0% M T ORI - Eie R
5.0k FOEAE s 1L N ENRET DB, &
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WEMEHAL, CutlPhiEFETFERELERICID, As
WY TFNTFA a8 yERYY O EIC LA
T ER Ui,

2. AEER

M & ® 2
LR EH L RO RS L T ERT &,
F1EOLBVCHD,

w1 FEhcER L BB (S2EREE)

] ® OH H (D J] ¥y T @®
T |+ BiE | Ca Pb As Cu {(ppm) Pb (ppm) As (ppm)
o+ (em) | opo | pm) | pm) | B B | ¥ B (B B|F #H| & &F|F B
0 ~10 60 45 10 750 469 1400 459 232 126
HELE ~20 60 50 10 444 207 580 234 178 82
~30 38 60 10 513 203 510 149 148 41
0 ~10 19 25 15 1200 448 | 2350 714 688 248
19714F | B2Ar H8 | ~20 19 28 15 750 137 1500 219 395 102
~30 25 30 15 650 66 270 77 116 26
0~10 22 42 15 889 363 1163 512 640 198
BELE|l ~20 16 32 15 325 115 485 127 141 72
~30 16 32 15 238 64 345 84 80 26
0 ~15 - - - 850 427 1400 460 408 160
Pl -l w5
~30 - - - 610 193 740 204 328 132
] 0~15 - - - 1100 454 1960 714 480 196
197548 | BF 7 i
~30 - - - 350 152 840 275 550 100
0~15 - - - 1400 377 1220 608 4838 171
BELE
~30 - - - 360 186 540 292 192 94
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Ry HEEUDEE LSO Sppm L VEWEETH o 1,

ZORSHICH AT, ) ¥y TEOBEEIXT RN
Binoin, ITIEDKRICONTERROSNES ()~
NenF s ic BT 2BEEE4 45 &, CuT1200ppm,
PbT2350ppm, Asid688ppmTdHh o7z, FHESEDCu
1£363~448ppm, Pbik459~714ppm, Asikl26~
AUBppm TETLHE S bEA 7 THEH PR OB L
N&EETH oI,

o, FSHOEREEADL L, R TECyu,Ph,
AsDEEIHLTEORES IC X TERERL LI
», T aETHEFTRICE L, TEES I,
Yy RSB DS 0 ~10cnERRE DS EICHHT D i
T20~30cmBFfroEl e, ErEsbERICL 2 TEY

R o THBH, BT, WELECy~1, 8
Ko biget~4, BEtEct~IRETHY, #
HHEOBRBETrRE N 210,

oW, 19EORERERELD L, THEOSNE
&0 ~15emiC HiT DETHROTHEE £ HE Ui
DIBALIR197IEDFR LED <, BS 0 ~30mETOH
L2BHTSEEEATE L LIVIEDERES VRIENS
ETHo. Lrl, COBRGHENREDHERE
MELDOTERBLIIMER TH B & H D0 LEHD
L,

@ 0. INEMWBEERETICpHA.5-N-BFR 7

YECDLFBEER

RO BESEHEICOWT, 0. INEREIFTICpH4 .5~
N-EeEE 7 v 2= v ATIHERERABE LIEREE 2R
Kmlic, &, LB L SRy HBiCOWT, 2%
BE 0. INEBREDICpHA.5-N-FE7 v E=v A
ISR & OBEMREE 3 RICR L,
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wom BB, INMRATES B IC pHA.5-N BB 7 v 2= v ATTHEEE (1975)

— H4.5-N-FE7 v £=v LjiEEE
0. INEBTEEE (ppm) p (opm
= B®R S 5 ®w @ Too# % ™ M| T # @
(em)| cu | Pb | As Cu Pb As Cu | Pb Cu Phb
S 0~15, 270 202 29.8 | 171(40)| 84Q18)|7.3(4.6) 200 260 | 96(22)| 84(18)
i B Lk
~30 | 240 188 | 23.5 | 82(42)| 61(21)|4.5(3.4) 150 280 | 36Q19)| 579
0~15| 237 764 | 13.2 | 62(14)] 66( (2.2 255 680 | 5302 175(25)
= p g
~30| 83 77 9.0 15100, 17C 6)]0.9(0.9) 54 2601 12¢ 8)| 632D
0~15| 210 200 | 14.8 | 97(26)| 91(15)|4.1(2.4) 285 360 83(22)| 6110
b2l s ‘
~30| 93 126 5.0 | 30Q16)| 36(12))1.3(1.4) 68 1941 18(10)| 53(18)
() AOMTIERE1RI0R LESEHRBITT 284S (99
IR LEHFLIOINEEBRE O pHA-N-FiR7 2=y ATEEE - OMMER () (1975)
+ 2 15 H Cu Pb As
2EFRB L0 INEBITBREE 0.812*** 0.734*” 0.722
WO L+ I ‘ * % % £ ox %
£ERE & pHA. -N-FHRTBSE 0.868 0.913 -
LEBBXO.INEBRUGEE NS 0.375* 0.479**
B - % % % P
SERB L pH4 . 5-N-BFETBER 0.653 0.875 -

* P=0.05, *® P =0.01, *oxE

TEEBHOO INERTESREICLD>NT, EHEOS
WIRE 0 ~15enibhi ODEBEEEAD L, CufFETH
RS Tl ppm TR bE {, Ko, B8y
HEONET, Phad CHEFNIENppm TR LS
wATHFE LS, Brs LHOETHY, AsgEBTE
ST SppmTRLE {, RWCEEHE, B8y
TEOHTH o, Fiz, FEE15~30emBALOEEEE
i, BEE 0 ~15emEFhik O s DB, EOLER,
CurBTi324~48%, PbEBTIE26~73%, Ass
BTIE32~629% %7 L, Cu2 Ph&EOLE LT
, B, 25,1 H0ERE, AsEBOEN
PR, Bty L, BE-HEOIETH - 2.

—%, pH4.5-N-FeB8 7 v €= LA 6B & 4 D
&, CufBIH0 INERBUEERICHE~T, K7+
HE, BB CRAES S o, WSS
BEEENGETHY, PhERRPRLIELBEIET
RO INEBER s XEF L2 bDD, BRLIE
TR ELEBNERER L,

P =0.001

wic , BEFER ORI X ESEEOSERETE 0.1
NEBT AR & OMEMEE LS &, HEHIETECY,
PbE UAsODETHELHECEWNEIWMEEERL,
SRy TR, Cuf@EOMIC/HABEERIEDLON
B oo, PR %V S O8W, Asidl %L
MDD ERGFAEEBRIC S o . —F, 2@EFEspH
4.5-N-FEg7 v e= v A EEE & OMICE, Cu,
Phed, Fio, fiLEL b ECHBEMEFREDLS
h, REHEFSNELTERESEIS LR TH-
oo

(3 EHERJOEHESH

1971 RERRICOWT, BEOES SRS
4%, CudPbidl00ppm I &iT, AsiES0ppm T &
IR a2 ATV, SHEERICET 8RS LOES
TRTLEIROEBHTITHD, THICEBD &, Cuddd
ppmll EOEEGMHILXERS 0 ~10emPFPAIT42.2%, 10~
20emEBRL T4.8%, 20~30emEifrT4.6%CTHHD, Pb
40ppm L _ OB ST LIRS 0 ~10enBihiT67.3%, 10
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F1E BER, BESNESBEEOEMAHELS (197D

~20emERAL T9.8%, 20~30emiBRITL.3%THO, F
7z, As200ppm bl EOEHEAWIIES 0 ~10mEA T
27.4%, 10~20emifhiT1.2%, 20~30emEBRIC 0% T
HY, HLFEOREEI~OFEEIFEHECH 21,
Fio, 19T L19T5EDFEITINT, BE 0 ~30em
ETCOLBHREEREL LTHODNTHDEHE2~4E
DEBNTHD, CHICLD &, CaOEFERIICATZE
B dnid, 200~300ppmA R % <30.2%, &RWTI00
~200ppm, 300~400ppmONEI=% <, &Hkd14.29%1
ANppmERBEZDEETH oo PhOREESTMAIFI00~
NOppmt s % < 24.3%, KNTA0~300ppm, 300~
400ppm, 400~500ppm @ IFICS <, £ED34.4% 4
00ppmEBAZ BERTHolz, T, AsDERIEH0~
100ppmAHmE % < 29.6%, KWW T100~150ppm, 0~50
ppm, 150~200ppm®IETH D, 2ED13.6%4200ppm

30.2
m T s ]
B e 0~30emEBHr
4
201
17.8
il —
a T K 14.2% —|
10.9
& 101 2.4
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071
)
% + 24.3
= 2.1 RS 0~30cnbtr
7
20+
% k——— 34.4% ——A
£ i 13.0
11.2
. 10+
= T77.7
—
% 5.3
~ T 3.6
H 1.2 o E5
1
~~~~~~~~~~ 1000
100 200 300 400 500 600 700 800 900 1000 ~
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FIM BENRESEOESSMEHG (1971, 1975

ERADERTH oI,

@ BEEHLTHES

BHE S & B RERE & OBRIC DT, HEERlC A,
20~AVERVAEL EOTFEERERT LH4FTD LD
NCHdo

ZhlL kB &, U TEIICEIFBCu, Pb, As®D

& 30+ 29.6
" 25.4
£ " e 0~30cmEH:
% 178
a | 13.6
b K— 13,69 —
& 104
%
H o 50.6
I

50 100 150 200250 300 350 400 450 500
—  As ppm

HAR WREH e REZOEESTRES (1971, 1975)

EHER, LS, 24248, BEtEo31Es
bERTEEAETICON TS AR ERPEehil,
W, HET 0 ~30emE COEHBIC OV THELER
T & DNEE &5, CuldBEBR20~0F iR
HLD2, 8~7 . 4f%, 40FEL LOETIE5.2~11.1{ETH
v, Pbid, BIEE20~40%E TR D1, 8~6.01F,

Hak HESEEHREOESBEE' (197D

SN Mo ko BoE s ko Z +
i B | s | 20~ | 20m s | 20~ | 40| o W~ | 40z
SN | RS o | Tpk | R T | T | AR | T | Tk
g 2 [

AN o | |an || e | @] o] e
o~10 | e | 302 | 3 | 19 | w06 | 456 | 22 281 | 405

Cu | 10~ | 60 | 150 | 221 | 19 4| 144 | 16 61 | 12
Pprm 20~-30 38 119 223 20 27 69 16 58 69
0~30 | 53 19 | 26 | 21 59 | 223 | 18 133 | 200

0~10 45 409 471 35 100 764 42 203 560

PbL | 10~20 | 50 | 339 | 20 | 28 3 | 233 | 32 40 | 126
opmy | 2030 | 60 193 | 139 | 3 2 | 82 | 72| 8
0~3 | 52 | 314 | 23 | A& s5 | 37 | 3 138 | 257

0~10 10 70 139 15 62 264 15 72 215

As 10~20 10 40 91 15 18 109 15 25 78
ooy | 2030 | 10 27 | 45 | 15 0 B 1 0 | 2
0~30 | 10 6 | 92 | 15 27 | 134 | 15 3 | 107

1. HAHFEOFEEETRLL,



FRE D L CRESRRE BUS

AVEL FOBETIS.2~11.5BTHY, =i, AsizB
B 20 ~40E TR MO 1. 8~4.6fF, 40EL EOHE
THRI1~9.2ETH -1z,

(5) BOHOIER L ERE

) v TETED 6 2 mBEnio S & 4 mB i HsE D
EHBEEHE LLEENEIROLBOTHSD,
i kB &, Cu, Ph, AsODEBE R, BT

W2 mibE DA AR BN A mBE R DS ol T
g5, AmhEoERES 2 nibEoEREICE<S
&, MR ETRTEHMIZCuTIE%, PhCM%, As
T%THY, By LEOE I CuT9%, PhbT
422, AsTTI%ER L, BRLEDENECuTLE%,
PbT59%, AsTRRHORET, WIFNOEMTH 4
mEOTFEE S 2 millm O Fhi D bl ah s,

5k B roofigEs LEOBELSBEE (197D

Eﬁﬁﬁ Cu {ppm Pb {ppm) As {ppm)
AT
+ 5 = (om 2 m 4 m 2 m 4 m 2 m 4 m
0 ~ 10 400 286 06 415 163 124
10 ~ 20 202 205 227 269 138 134
L U B 1) 232 209 235 133 99 52
0 ~ 30 308 233 289 272 133 103
0 ~ 10 665 419 885 442 294 222
o 10 ~ 20 144 46 347 57 93 68
SIS A 40 35 45 15 36 19
0 ~ 30 283 167 426 181 141 103
0 ~ 10 230 202 465 303 158 126
10 ~ 20 77 75 198 9% 59 66
R SR NP 52 40 102 60 28 23
0 ~ 30 120 106 255 151 82 72
1. HHE:LIROTHEETHD.

3. & =

znge, brEOREEIC ST BELEREC HEE
B oW T, £ < OIEBHHEE S TN Inmmm
W FAzmw (1938) &, BEREO>vE, LR
+vE, e, 7FvRE, EHFREoY v IE, gl
BEofEoRICONWTHEE L 225, HRAREOR
HETE, EHCERE Q0%HCLH CREAES19.3
ppm, V142 .6ppm) OFFER L, COHEIERR
DEFIC D LELUCBREFABVREBICS B &0NT
Wa, Fio, FEP (1942) i, FEELEO - ZTEH
IZ2WT, EEEAGETE80ppmilE L, WEARIOL0
ppmUllHERTIERICEREN SN O L EH]E L, =5
= (1958) WEfRSEOSREELE (vE, 2 YED
OEEEEHE LS, mAREafH LT 3H
T, EHBICLHET 2BEOHIMER LTHhD L 0N
TWwh,

—7, #HETH, Benson” (1968) KU Jones,
Hatch v (1937) ©O#EEHFH S5, Jones, Hatch
i, AvaryNoFvEe) v TRICBTESE
MOEBMBOIELHE L, oW, LEoBEHC

Lo TEREFRZDHO0, FHEDFLVEEDS 5
THDE, £FE (As200) REMTEOERMREI. 2
ppmicH LT, HARETIZ580.0ppm, # (Pb) M
+ OO 15. Tppoiic s, BRI < 1,383.0
ppm, 7z, §8 (Cw EEAREOD33. 9ppmicH LT,
AR I8, Tppm T H D L HE LTS,
coksic, FEECRVWTEEAOESEENE
FiEEsss (SIS NTWE Y, TOEREEL AN
TEELERHT L, BERCS L, TEHSSEN
Zai, WEROBELL—HLTWS, LL, &8
EOESEHEOERER, AE (7v v 2R oflk
Db EOEREIY R, HOERPSWERILS -7z,
TEPCBESBEOEEN S s nHAL LT, T
NETOWRECHEERMICRET 200LTN, v E
MOBFEN ST NE, e BLBOERNS (, BEA
B (& LTHEF—ED) ORMENSITNEROR
BOENLDRLNT D, CORT L, AHEEERO
BEEEAES (B LESBEENELOREIDLHD
NBEHIC, Fiis D bERB0~A0FEEDOEKT,
PR 520~ 40 OFEML & D H40FELL FORBTES

e SV o

e e

o



) v XEICHT 2EEBEREOER & F O

BHOBMEN SN &, THDS, HETEHORAE
O&CEIZ S ESBROEREN ST L 57 Lok
EhobAPEAC ENTES,

o, Bro 2mBENoa S 4 mEEn oS IC B
HELFEHROSHEOCHE TR, BIZEVY 2 millE0F
VERBIEN oz, IFEDR Y- FRF vy —2FH
U B R e, Bl S ir S sEe s/ sidhs
NBEMICH D, EMEXZTERTH > BB
GRETIE URBAMER TR, BISEVE SRmEse
<, Fiho, ERmE L OIHEBOENNRRE( BRI L
PHEE LT OEETIE, BRICIEWDESEAEOMa
BT, EEBEFHNTDC L TSRO & 2 EX
b,

COEEEHOERRE & BN L OBFRIC OV T,
FiobO~IZ LI, 7TAYFTE, eBOTBERD
BNC EHERE L 2T B DY, Benson? (1968) i3,
T b TR i) B e BRI O AR & v BEH
EDBRIIDONTON, 2 P yHFOimDIic, 1943FE0
ERE— 2 BCiE, T — 5 Y 0ERS0HE > ¥ B

PERSNLEONRTND, COEEMTDIE, 107 —
MBIz T, 56RO ISR TShDDT, Ask
LCi3#50ppm,/10enE, 10 a OEFRE AL T 20 &
125,

iz, FRBICHT SAMALRE S cERmOER R
ILD2NWT, DACEEREE (FHREE") 2881
LTEDEEBIEREAD L (B6F), 1 GErvIF—
) OfERER, 19574 (IBM32E) Lo a,
BOERES S oo BHNB1068E (FEH434E) B
I, FE07 -3 04,6157 D8 (Cu) FEES
A, FERILKAHETIR42,0ppm.~10emBE, 102, KILK
+E (B s 488 Ti67. 1ppm,/10emiE 10a OEFE
BiCouwAob0sHons, 1074F (FF49F) B
fRiciE, Far—Eo—-ErERELEs A ohicD
T, JADEAERNED P E 720D, ThTdh
107 — ¥ 0 ER2 0227 OEMMEA SN, FEALKRE
218 .5ppm, 1000102 , KUK (Bt 4ut8)
720, 0ppm,/ 10cnBE, 10 a (CFiLT DEHB L RE T &
PEIETE S,

F6FE MOoSMETE 2AEEOEMNRE

FEF | FEfn [ BEFD | MEAm | A0 | BEAD | B N
B | s | sete | 0% | 34 | 356 | 406 | 430k st
9 15 15 1A 1A 2—-12|4—12| 4—12| (4—12| 4 —12 | HHsE
ik | 2340 23R | 23| 23K [ [ [ T |k |t 7 (6]
1 [H] 1[H] 1] 4 [5] 5 4 [0] 3 7E) | 30
2% |z2A 612 ]
I 5| 434580 | 4 3K 49
! 1@ | 2@ 3
g%&%f?””ﬁ@ s12| 468 | 62| 12a8| 1477| 2215 | 4615 | (4308) | 2022| 308
LROMREO | KUK 45| 68| 89| 17.9| 212| 317 670 6LB) | 29.0| 4.4
BelomB0 |G| 50| 42| 57| 14l 15| 1 420 @1 185) 2.9

1, {EEEKLKAEES0.7, FERLURTEEL L1 LTRSS 0m@ HEICH—ICRA Lz & LTCEIER.

2. 1Rz, 2R 433 mEiE1205 (450e) &4 1A 23 (2168),

s bo,

—7, vERShOFRARIRE, 1918F 519674 F T
W@ A, 196 EOF IR 0 A CHEEEY ICX D &,
BG4 4 5,425 F, BEMA T E4E 5 @O
7.00¢ D ecBVrFRSATHAOT, eBHOST
A PbHASO: P ERF P OEMBEHET 5 &,
e (As) & 1EMKEENT<1,172¢, Bl
©1,533 ¢ OEHEL LS, CORE, BRs s
#EB&, HEEHTETI7,0ppm, 10enEE, /102 , BEHS
©22,3ppm,/10emBE, 10 a IS T 2RI TH D, —

2043 (432¢8) ORKICHE

H, 8B (Ph) HeEOR2~3B0REFE (As )
cRBHCER L L Icit B, .
COEa, EHRENO Y ¥ o@ElE, BEBEEOIE
ERMSERIZIZVEEILH DN, CHNRESERBED
Bl Th st LEHETH D,

4. i =

1971 & 19754F1, BHRETO U »oFERZEE LT,
BEESACHEKT S2ESEE (Cu, Pb, As) ©OF



HHRED A CHBRERE BUT

HEEENE L.

(U V¥ TEOERS )~ ic il 52EHEOR
EfEiE, Cut’l,200ppm, Ph#2,350ppm, As’688ppm
ERTEHSHD, FHETIECusd00ppmbi, Phat
450~700ppm, AsH200ppmfiT, AFHIOD 5 ~26f5&
BB WS B TH ok, T, ES15~30emER s
DEEIE, BE 0 ~15mB0ENICH~AT, HiEHE
cl~t, Bty PHIRUBEEETR L~ ORE L
BIWERTHoIZ,

(2) E&BEO) INEMTESERE, 0BT -
TR LN, BT 0 ~baiffroLRBEROTEERIL
CuZ¥i110ppm, Pb#*80ppm, As?#M.5ppmTHY,
BEX15~30emB DS EIL, 0 ~15emibfiiclb~T, F
HHICCuX L, PheAskN T BEOSET
Hol, Fiz, pHAS-N-E 7 v == v LT[H &
#iZ, 0. INEBTHESRICE~THPRIEOCuESE
P, B HBOPYEESBWC L PEEMT

Halce

@) TEEOES 0 ~VmOHERBLICHIT SERENOHE
HAMERD &, CudRIZ200~30ppm DB D
%<, A0ppmEBASEMIEEAO14.2%THY, Pb
LEIF00~200ppmO EMIA R © % <, 400ppmEEA D
EHb34. 4% 5% L, AsSE TIRS0~100ppm®DEHEA
BL%&<, 00ppmEBA ZEMPI3.6%TH 1,

(4) PIEEH LT T0mETOEHELLD &,
Cu PbCIIAFHBICH < THEB0~40E T 5 5,
WEBLETRISETH D, AsTIRFHHICK~THE
HBA~AVE TR 3, 0FEN LTRSS EOERRETH -
o

3) BPOOEHIEHELOBRELS L, BB 4
mitEOEFER I, 2 mibRoEnIChRT R, F
BIFIC i CuT84%, PbT61%, AsTRO%MEE
Holze

I HRCEBLICELREROXE

FHEOHNY yaETR, BRSO TEEHEN
FBREILL T, EEBEHITECSRICER LT
B LA L0 T, BERRECEE, Wi, OFH
&Y v rlEosFECICEEBEOBIRNST, ©F
EEROSb L BEEEDOLE, OFHEOS P rLIEN
MR DI IS IC R T R B DT HRRE
==t il :

1. E2RHOTHRELY v IHOEE

HAOBRE L e BREANT, CukPhid 0ppm,

A0ppm, 400ppm, 8ppmic, Asd0ppm, 100ppm, 200
ppm, 400ppmitiid & 5ICHE Lic, iz, PbdAs
OWEREICE, BGRE B2 > Y v L EAN, T
O-HEEEE R, FEXA0mOEARICAN, 154EV »
FRA—F 0 &y A2 "G ETEAA T T 2 ERES
Lim, SRR TRICETRAE T L& bILH
1 LT batiic it Ui, 2T, gR{bk,
MXEFEEAELE, vREvoFrs ot EBEC

() =W|HE ) RIS LD HREBEINE 512,
7.8, &, eROgbevy FRA-FY vy 4. BOHLLDWERY ¥ THOEE
ADEE 19724F, KEMO RS 7 HER CHREIEIC, Cu
19726, AREFFMS SRR LWERBRICIWAL, B &800ppm, 20ppm, 400ppm, B0ppmilindhH TR
F1EHER T E oM PE 7D
+! ® Cu (ppm) 2 | & pH #&% EHEERE (me/1004) EEL | R
% o BE | oy
k& |Cuppm pﬁlg%.%—g- %égq@ (%) (ﬁ/%) H0 | kel (?n% Ca |Mg | K |Na | & JE_%;/&) FREL
i 0. 8 28 0.8] 1,4 55| 4.9|25.6|13.2] 6.4| 0.9 0.6|21.1]|82.4]|1080
b=y 200 75 93 08| 1.4| 5.4| 4.9(/24.8|13.0] 6.3} 0.9 0.6]20.8(83.8|1080
+ 400 175 225 0.7 1.2| 5.4 4.5|25,3|13.0| 6.2| 0.8 0.6(20.6|81.4]| 1060
2 800 420 463 0.7 1.2 5.3| 4.5[24.9113.1| 6.3| 0.9 0.6]20.9|83.9|1060
;24 0 3 7 9.4 16.2‘ 54| 4,8133.9| 86} 08| 0.4 0.6|10.4}30.7 | 1500
f 200 41 73 9,3|116,0| 5.5 4.8(34.3} 83| 0.6] 0.5| 0.6|10.0(29.2] 1480
4+ 400 125 158 9.2(15.8| 5.3| 4.6|32.1| 84| 0.6| 0.4 0.6|10.0|31.2( 1480
& 800 315 363 9.1|15.6| 5.2| 4.5|34.4| 8.4| 0.6 0.4| 0.6|10.0]29.1 | 1480

58 —

L2 SN

e



0y TREKEBTAHEEEEEOER L ORE

FEFRSRA AE L, ARTHRAZEEXy HICANT
EAARIEICIE LTz, TOEEINIEE C24E
MR Linga & 19824 & CLOEMME LIcBE§Ion
THRER L.

T, 1974454 H 2198245 4 Bz, 44172500
a v rr—¥y M, BICE L ARRRO LEERED
T, HEEESAL  M26EHRMEL, 5 2 ERICEFTRE
E{Tolr, WHEROCuEEX, S mEERT
U, BRMEBCE TRAEREETHE L,

s, 2MEMEE Lo 190l LB oIS

THEOEBNTH oI,
(2) HEER
7.8, 8, eROBIEV y FANR-FTY vy
RDEH

FAE 2 FHOETRINE, BoHDLBOTH o1,

chickde, #, 8, eRONWTHhOHEED, F
BEBIEZ BB ONTEEIrELHERER LD, L
L, SEHECEEZESEEOMEIC L »TELY,
L BETHRENAXL, &, eBTIPIENo7,
WTi, 1SV EERELN 0 ppmECEERES2.47ky

3.04-
2.5

2.0+

400
B0 25 (360

(12)

Cuppm ———

@ o

Pbppm

GETEIESRL 08%) THBDIH L, 200ppmiX, 400
ppmiX, S00ppmlXTik, #4, 1,92k (0.86k7), 1.32
kg (0.64k7), 0.44k7 (0.26k) TH -7z, M, 400
prmE L ECHEBSETHE L, 80ppmX Cidibze~l
FIDEFRETH 272,

g, OppmEEicE<, 20ppmlX, 40ppmiz, 800ppm
RDEFHL 2Tz, 00ppm, 4d00ppm, 80ppmdHL
B CHAOBEOL 5 LREEIA O, 1,
THbs, 1HME0OSERS 0ppmED2.47k¢ GOT
LSRS08k 1T L, 20ppmiX, 40ppmX, 80ppmX
Tk, &41.85k (0.91k2), 1.85k7 (0.92kg), 1.94
kg (0.80kg) CH iz,

v, 0ppm&l0ppm TIKIEE A ST o 12,
200ppmBL ETHAEFFLEIERS B Y, d00ppmEXTH,
0 ppmEDEERE2.47k (B TEERL.08kp) i,
1.43k (0.69%8) O BVNEFETH -1z, '

4. ADELEDNERY ¥ TEOLET

FRERR AT LT 2 FERAGE U 8 S 105ERIME U

fo e LT LIcERETE- 1 RUEED

EBHTHoIz,

400
(216) (480}

Asppm

{ ) {ZIPH4.5-N-FEEE7 v == v LOIEEE
B 8, 8, eEOEP LV FRO-FY ¥y 2 TVRGOEF (1973)

WeE WOBLLOLWAERY ¥ T (51 /M2 OEF (A 2 £

FA) (1975, 1983)

1z 53 W (LKD) MLealE om

LA * W mleAm] B BT ||
(Cu ppm) 7| g g (%) | g (op| 1R 27K
0 152 (100) 171 130 (100) 453 {100) 177 528
# B L g 200 119 ¢ 78) 135 110  84) 364 ( 80) 146 397
- 400 27 ( 18) 74 17 ( 13) 118 € 26) 48 7
19747 800 29 C1v) 27 18 ( 14) 74 { 16) 29 7
L i 0 104 C100) 143 159 (160) 406 €100) 130 278
Wy 200 106 (102) 136 | 148¢93) | 390 (9) | 118 @2
- i 400 50 ( 48) 103 113 ¢ 71 266 { 66) 83 180
800 34 (33) 30 20 ( 18) 143 { 35) 43 7
" {0 127 (100) 134 143 (100) 404 (100) - 150
19824)% Wy b 200 75 ( 59) 143 127 ( 89) 345 { 85) - 74
g fg| ™ = 400 53 ( 42) 77 70 (50) | 200 ¢ 500 - 49
800 70 6 70 40 ( 30 144 € 36) - 10

13 1974 MG IR AREEA 2 30 LT 2 AERIAL Lz A & s

2 ! I0B2ArHIbG I ”

1 O4TR

4



EEH—1 HOEPEDNES ) v RO (1975)

Zhitkd e, MEWEEmLThro 2EEHE L
HEAHHE LISBEe T, 10FEMEE Lo gl
THFETH0ppmX, 400ppmlX, 200ppmX, 0 ppmlXd>
NEc i vERERER L, 0, 80ppmX &240ppmR D
EREX CREFHESIAE, a1,

LA CEEREHE B2uS

HFHRE

ORI E 2 EIEE Ui S e L ERIC O
TOND &, AT 2580 VIS bARER, W
+E04A00p pmlE T 0 ppmED26%, S00ppmEX T 0
ppmEDI6%CH Y, By HEOL0ppmX Tid 0 ppm
Xm66%, 80ppmlX Tl 0 ppmXOIHBOEFTT, MW
B bS0ppmEX TRIFFIZEETFE L, $5, HHELE
DEFFARPEN o, T, HEHoEFETE, £
BARNE L - iciiE - EB0400ppmX, 800ppmK &
B 7 HEOS0ppmE G, BHL < SRS, il
1EBL0 b 2ERTRBICE LT, 4 7Tof2E
OETICT Eldho/z, SO, BTE R o4£Fb
MREOAOppmE, 8WppmX, B LHEGS0ppm
KTidesic b mni@BgEmR L, &4 0 ppmED12%,
13%, 4% cHY, EHL0 LHECH LWEFEIRE
= L.

Wio, HVE 2 ESICEA L, BRI E N Cu
EREARE LEHEREFTLEIENEBOTHSD,

9% @oLPLonlEY ¥ T8 (L0/M26) OEENESE (OUE 245%0Ce ppm) (1975)

X N S S C I ST

® 0 200 400 800 0 200 400 800
ppmiX  ppmX  ppmE  ppmX ppmiX  ppmX  ppmX  ppmX
i 51 42 52 53 70 50 61 57
1 & ! 13 17 58 58 17 17 39 59
B 28 30 72 70 34 39 40 75

2
A 3 3 7 7 4 4 3 12
54 19 21 40 31 21 19 30 40

3k
AER 3 3 3 3 4 4 5 5
g 24 29 68 83 22 21 28 62

B
AER 3 3 3 3 3 4 4 7
#H B 10 19 147 340 17 20 32 69

1. 1EREEESeARHeo8d,

CAC LD &, HEMED, 0ppmK&200ppmX T
CufgBICELCAEENFDONL I oI, B2
FHERUEBOLBOL 5 HF I TR, £EFEHEC
KEh - IEESBWCugEER Uiz, 8, Mo
CugEhm<, PRTHEO800ppmX T340ppm, 400ppm
XC147ppm, a7 HB000p prol T6%p pm, 400ppmE
TIppmEENERETHo Iz, ZOLICEVWCuERESE
T LB O ST 1 50 I NSEREE - & B Cu
A8, MELEOs0ppmX T463ppm, 400ppmE T225
ppm, &7 THEEORCppmX T363ppm, 400ppmEXT158
ppm&WTNH1IppmEBA SENEETHY, Fhy
BOCuSEICHEENICEB LT, L, Efo

Cug g, MK 0EIEHONT, Fio, EROK
B, 2827 HBO00ppm TRy HWEEERLIZD
DOEADEHLHBEOL S ICHERELRD LD -
oo

(3 & =3

ohge, BEETR, IERESREERICL T,
FERCSRICER L TWS O LERDTH, COERK
ICE DEFEEILDWTRE, HPECHAZAMEL L
HOEholrdEoTH N,

FiEe W, KBERNTERLU-LCHICAINME,
BOLEDS0ppmDEEHFEHEPICRNVERIET 22 205
o, B—EBERoFAOEFCus 4 iEL, ok

— B0 —

L

e

L

e



U v TR R D ESBEFHOER & £ 0RE

fHOBLCuf A rEEFTHENBRIELTWD &I
&, 0ppmOEIREDCulf A4 ¥ Th o THENIE L
BHHBCZL > TN EBELTWD, ZOZ Lol
Zv ik, Rt oo, ROSTEPESEE
OERFSVEELICRAC 2, MRV ENEEI
FTELTHDOT, U vy IBCHT ESBEOEY
RO N EHFBRTE S,

LirL, Ak - NREEDZ, BB B Cldm
SNIFEOBBICDONTEEL, B0 s A
ERrFELiIClELN, Larl, SARROHEL D HEEE
FREL, ENDPERBITLTOLICERZLEHD0
T, BEBERShDIBEIRENLON, FEERE+
FCEOEZ LD LEB LTS,

Fio, FEESE e BBRAREA LrERTET, +oE
TS AREEALLECS, WEHEBTR, vE (As:
03) 100ppmXTH LIS N B ESTH BN, BHEL
Tik, 300ppmEX TCHOAELMHER SN Iz LD,
i, # (Ph) OoFHICO2NWTE, Asd bbb EicH
HNAEFHESPHEND LOTND,

AEBICBWT, B, EEEAEHRN L TERES
e Lo BEOR AR LT, #H, 8, vEOLLH
Voo FRA=F) & o AT ROEHEICRIETHEE B
Lic. Z0ERICENE, ETHELLERIOLIES
SHFRRAREVEMCD o, Bk DEEFTRN
BYHEL, L IEFFRIRORED 512,

EOEFTHFICOWTE, ERES® (1940), @G
Wi (1975), BE™ (1981) SAMER & RELFEBET
FEHET-THY, FOSBETHHEALML, HEES
0.5~1000ppm I 5L D KB EES L T2 o 12
e, NEOHBRETR 12285, 200ppmE T
HMCEBT ST AREICTE LMo L& DTS,
FEBROFOEZRKIZHITSD ‘v FASR—F Y 1’
DETFRES, BOERKIC AR TA00ppmR TR, 800
ppX TR SELETCLWERTCH 7.

eBEOLEFHEICOWTR, v BZOFHEISWAE
OFITIE, Benson? (1968) FAsEEOENE T A
T, U TSR TSEEREBICE SN, AsESE
OEGEH, ZNORBEEEOoFGEICShTIReER
WKL DEFEIKE (, £AsIS0ppmIEE THBED
BN OWMES AR CIERICHWEFT &R T i
LThd, COMic Bde, ARBOMSEE, 1
OFEFERASTE (ROBE) OBNILEZL N,
Asd00ppm T & AEE OFIC0 %T2E & Lriig 4= FE
BERLIZICTEL o0,

LinL, BESBEOEMCL 3ETHESHET R
EFIEICDOWTI, AFBRO L 5 ICH e B4 B0
ERA LT S cl, SIRs i BE0E

BERBRUEDIOTHRHRNIN T EERLHD.

FLT, WIZEICv y FAA=-FY o o REHER L
AR OBEBRCROETIHERARSh o2l &, ATE
BAOIFEERIC RN DV F - BB R LT
W EEZEIC AN, SRR A B A R
WEFM LT 2 EHERRE g L 3 4 10ER M
BUrHEEaak LT, dWES Y v oBEEAMD, 3
DB L EFIL DWW TCHERRETTL - /o, TOREIT,
2EMBE LiBE T L10EMME ListgSThIE v
HOEERAMEHN, 800ppmlX, 400ppmiX, XppmE, ©
ppmEDOEFROCLEWIEICETFRRPKREL, FO5BH
T, &7 HEOS0ppmX & - EO400ppmiX,
800ppmK IR AT AR &R Uir,

—5, EFFROBHEEROTMEIN-ONTARD L,
EFREOE L - CHRER TR EBOEE LD b
HTE G OEFTRLFEETHY, T, £EFFR
DRED - ILEPEALE EEIFEPICus BN S {, D
HEERCEMLTOWE, Chik, JED, SiBY il
HLTWaL5C, BE&EFTE T B CER
LT, RED Tl LS~ Dk OAEE A L <3
THLECEATHLD LR TED, Fio, RAMS
Ficdhd, A—EEETH- T, HEACEREDD
ZOHFFELETETRRAARE , BEOSWER s+
BTOoVBhol, INLSOESEBHIAHE (B
icenoEn, AEEREEETICERE NG
HHONTHEYD, BEEEF12~13%bBT T oE2E 7 15
CHRIELERPHR, 2~ 3 %$REOHRETETHEND
PEETH D, RERICHER Lo HEOEERE400ppm
&, 800ppmXic BT D0, INERTEESE4SL5 &, iib
BAETik&422%ppm, 463ppmTH Y, BE7 HECR
#%158ppm, 363ppmTHDT EPBHTHLYRDEER &
ExHNHD,

BEDX5IC, MR EER LB 8% 2 Fiis
D WX 0EM] B ARRIEICHE Licf o TEE Lt A
HEHERE MG, SEBEECWI0ppm T O AEREY
FErBACEPHRETEIL, COC &G, HERIC
#5) y EOEEREORERR, 0. INERTHES &
T (130) ~150ppm, pH4.5-N-EE 7 e =% £ 7]
BEET A0) ~120ppm %, —I5, fEAkEE ALY
CAEPTELS, COKECESET, BlIb L RERS
HiREH D &, REICEY 0 ~10n3MITidb 55 A
D&, 0~30mFE THERBTLTD, AHKIELR
AHEMA LN C ECHEETIVENRH S,

COXRSHBEID, FHEEMN >~ TROEES LD
&, M, BEEOBOLDVERES, LabERELT
MOSMER 38 L TESBEASEICER L TH D
EHEETHEDNILIICE - TH G, RIERESE S



HHRE DA CHERERE FUT

e, Tuhsd, HEl ~3ERIETRRICZ S8
HEINBE SR »ln, COEBEFAROBERICK, 7
P ELBROEBRICHASEZENMEINTHSD
DEEZBCENTED, T, BHBNE, LEICE
Lo, L LIS SRR R ECIED
NWTNBERELTWAHL E5EAHE D&, H8BIC
ERUARETREIEEASE L, BOICEELRY
v, IS, WERRCEBHBARESORICSDREL
IoREETIE, ARG VBRSNS CEIIIER
DT AUZ BTN,

4) ¥ =

107248, KEFHOE SR 7 HiEE, CulPb# 0 ppm,
200ppm, 40ppm, 80ppm, As# 0ppm, 20ppm, 400
ppmiciHB L HICHEEL, HEREENE Lz,

7. 88, 8, eROBTLVy FANR-F I«
2SR NEBDERE

19724F 4 A, E&B S =5 L &R BEEEN
om, FEZ40emDAEZFUCEED, 1 FEVv » FRAA-FY
Vo RSRASAGEREL, B2 ERO4TEREL
Fralt

FOESE, #, 8, cBOWThOESELEHE
FHELIBICONTEENED, EDHBTH, HiCX
DEFREFELL, 8, cETERONEN o1,

4. 0SS EDWERY ¥ THRIOEFE

REI RS 2 ARG EAREE TR LA 19T44F &,
10RIELE LIn19824E 0 2 BT/ » i

BER A1 /25000 7 FF —F o MTED, 1484%
SHUE/MBEREL, 1 FHROEFEBELIZLCS,
Wb Cu8ppm, Cudl0ppm, Cu200ppm, Cul
ppmDEFEOL VAL ETFRSE D~ 1. EDIBT
b, Cudlppmée CudppmdEEER Tl EE R B A
K&, Ffr, BMBTRITROETTEFEETCH -
oo

2. E4BBEOERELELEEN
(5vs/on—n—) O%XF

(h RBHE

197248, KEPHO R 7 SEIC SRR & i
L7, #@ (Cu) ©OBHEEL0ppm, 20ppm, 400ppm,
800ppmic s Bk 5 1CHHE Uiz, Sk, [ UMty e
BEEHGER, cEbh, MBEHEcB2>I YV AE
ommL<, E&EREOREHG00ppm (Cu2(0ppm+Ph
200ppm~+Znl00ppm+Asl0Oppm), 1200ppm (Cud00
ppm+Pbd00ppm+Zn20ppm+ As200ppm) KD &
SRR L,

choOfETEE AR CTEALEES » CHD,
EFAIREE T 3 IR L o0 19754E 4 B, 175000 a
D F—Ry P, Yy o—N- w2 U, &
H2aEHw, FIBOMVEDET- TEERLSTEL,
108 FoiARR L Tith L8l & sh PR B e Linie
Halehicat Lz, SFTSEERROARKIC2WTERL,
BRI RTFELAERICLVEEREEUE Lic.

(2) HEARER

BRI 2 ISR D T ) 7 v — - ORI 5
2WTHCHBIOED EBOTH - 1.

BE—2 (WOST LTV s u—S—DEF (1976)

BE FLEAROSV LTV ro - A—0EFRTICERRORSE (1976)

(D 4 BT (ke 10a) EHANOEESECu ppm EEHHD)
EEREE ok B OH T P E F oL 3 WoOF
pPpm (#=R) (=) (bR G E W H
0 2590 {100) 630  (100) 3270 (100} 4 18
Cu 200 2210 ( 85) 520  ( 76) 2730 ( 84) 12 42
Cu 400 1960 ( 76) 445 (BT 2405 (74 17 182
Cu 800 265 (10 40 (& 305 (D 24 306
B 600! 1810  ( 70) 470 ( 89) 2280 { 70) - -
B OB 1200° | 1355  ( 52) 340 (500 1695 (50 - -

|. @F 600ppm= (Cu 200+Pb 200+Zn 100+As 100) pprm
2. #BE 1200ppm= (Cu 400+Pb 400+Zn 200+ As 200) ppm

e N

—~
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) iR A EEBHEEOEH Lo HE

Chickd s, 797 7a—"—0%FiE, Culppm
FIz AT Cu200ppmiE, CudllppmfX, CuB0ppm[X
LEFBNE LRI ONTEFRRIE Lo, B
2, CulppmETREZFRIHAT 500 % {,
CulppmE (HEX) OW0~6%OEFEICTE RN
oo o, 8, 8, e EOESBEREBXMOHE T,
FEE1200p prolE D AHRE00p pmX & D DAEFERE G o
fz, B, AULMASEEEDCul00ppmX & EH600
ppmiX, CudlppmX LHARE1200ppmEREH#ET 5 &,
HhHELHIAR—E LD DREROETHY - T,

—F, EHRFOCugE, Culppm, Cu200ppm
X, CudlppmlX, CulllppmX &, THEROEREEN
& BICONT, BERECCRIBICERINETNLZCu
SENE, HHC, CuddlppmlX & CuBllppmE DIRER
THECH 1,

@ # =

WL G, i, mholdmmla s LT@Ebon, £
DETER EFR IS P EREICE ST D4 &
FhTHd, WiC, A—idhcobdidinceg dazEn,
g, REOEBLENICEFESAS N LAND, TR
ROBRCEFEIENARY 2ShTn, Ll B
KBRS NI RIE T, oAk < B S (A S B
DTHLE DI TEY, BiC, REOFHERDS
BEREMOEENCHD,

—fRiC, HoBnEEiFEpE, BEEEESrERLTY
BTBORERIREH2TOC, BREDY >~ Tk
DHFIAFTEBEFE SN EEZLND,

EHo™E, BEAE (E&EBHE) PEFICRELT
WY IECH, RO —BH N v AR
roEk e a o d LE LESEHEERVETEES
ST DPINHDE L, Fic, EAPE, FHEBY o
EOTFEEONT, A pETOEICABND 21
o A OB ICER LT3 2 AFEEND LD
RENBE &4 LEERIESBEREO S I8
EEELTHWBESTH B, '

AFRHFERT D, Cull0ppmE TIE, FEIFMMEHTS
HOBE L HONDLE, FOEHEENENIZLEEFF
BoEF Lt

Fir, BEEFEE LTCui00ppm, Pbd00ppm, Zn200
ppm, As200ppm%E& GEE1200ppm X ik, Cul00
ppmX & FERICHEF BT S r S X eficdg
BHIERICE o Thic, TAUT, 88 (Cu) OERE400
ppmblAAC e E (As) 4 2ibDTECEYES AR
RHLONIHEREALTE LN TE S,

LA HE L DEFEOBRIE DT, Vande
cavegew D Craft HY OHENH B, 7>t M
T, Vandecavege™(1936) i, 77 7 7 » 2 KFE

[0, INEifE 7 &= LT As:0: 5 EH 2 ppm T

SnEdEEsrMElENS L, Craft 5% (1939) &,

A Y7 a = FIOREOHEIC c BREEE4,AT,
I yEQEEARBR LIS CS, BELTREESLET
AREERTCEIFLBEAATHEN, HELTH-ThH,
As20:100~20ppmlE T 0 ppmO50%DEFICT /4
WEHE LTS, 20X 510, AL e FhELE
WMOEFICHE LTWAZ LB 6NB0T, ST,
L EOEFFICHESEFERICOWTHER T ALEND
5,

ZHFETYH, ) v oo TRk REEEE R
WL, RO Tm,I HEEBOBECERNVSE
EOREEFE U EERBESVE L IhTELY,

TCEASEOERE R P oL EN 55,
@ m B

Culppm, 200ppm, 400ppm, 800ppmGE+ s Tk
TS, ESEROEE0ppm (Cu200ppm + Pb200ppm
+Znl0ppm +Asli0ppm?, #E1200ppm (Cudlppm
+Pb400ppm +Zn200ppm+ As200ppm) O LHE1/
5000a V& —dty FICDH, 19754 H, ¥/ -
N—EE LEOEFERELL LTS, CoEEEV
KESEEOBEFSWNEXETARPE Liro i,

3. HOEHE & IR RS U IS REEH
(1) =EB&H*®

19724, BE&SEHEREENGORS 7 HBELUME L
B, Cud LT200ppm, 400ppm, 80ppmOFEEEGH
Uz, ERNOLEEEERECTR/EL, 5
EHROVTIEIORIS, LSS, 7 e 7 bk
B UL ERNC DWTHE Uiz, S¥FICH, oxT&
TEBWY, FERKDEBNTHD.

1) AT | AR BT IREE I R VR
L, #ME - HgEEicE 7073 vEBREH, 79220
s34 A vy PTG (LR C VIRERE S 88) 10
ZYRENSNL Gy PINET TS R, Rk
o~ — 7 v DB ER Wz,

2 7rem7A ERER | CABERICK D iSRS
ERABEKREOD0%ICHE L, 30°CT 4 BRI,
IN-KCIgEeEERERErsTELL, 7yE=7
b, HESSEREREN o LS OERHENE S
ZLIWcEEF L1007 Hic DOomTHIRR LI,

) BbER  CABEEBICLVELIING Hiz o
ENMFELOTEE 7 e v 22 NA, HERKSERK
FAKBO0%ICTIE L, 0°CTHEEE Liz, BERk, 1,
2, %, AEMBICINKCBRHMBREEE s 2R
L, Wb RGN E o BN ORRERREE



FHRR D ACEEERY Hus

LW EEENEEE AT 5 EOECHR L,
2 EEER
FOEHE & MERAREEEIERICR Lo, Thic
LB &, WEELE, BRI HREOEHES S VI

¥, MEEURD Ui 0hiRE, BT ands i
HEAREeoNT, TEICER Lo o A4
OHEHB S EHEnORBEIC L VRS - L ER
(% 8

Bk oLt EEERE Q97D

L Tt B’ 4 =53

| E oy

HIRE ggﬁﬁ WCVIEME & & BHR WK FH HICVIEMmE® # Bk R M|

ERME | 8.81x10% 1.45%10% | 1.44%10% 7.56%10%| 1.10x107} 1.77x10° | 3.33%10% 7.80%10"
Appm K | 6.92x10°% 1.37%10° | 1,91x10°%) 8.68x10"| 9.23x10°| 1.41x10° [ 4.09x10% 7.36%10"

400 ppm #
0 ppm # | 3.89x10°| 3.89x10°| 1,21%10°

4.26%10°%| 5.23x10° | 1.19%x10°| 8.84x10"| 6.85%10°| 1.05x10°| 3.08x10°| 7.80x 10"
1.21x10%| 5.81%10°| 7.00x10° | 2.16x10%| 8.57x 10"

—, Ty ERERICEETARE LS ) 28
AL AV PIRATA TS A EREMICETTAECY
TS OEEHEESEE RO L BN THD, Ch
i, CulppmE OEH M 5Cu200ppmX, Cudldppm
K, 800ppmEOER O FEN & E Wi ERERNX OB
BicHlT 2ENETED LIERTH D, Chicdd L,
C ViHHREHEE IR E & 0 TSR ok {, iR
Tid, SR HELD DHELHEICRNTER P HE
EENTND,

oo AR r o L

[ ww

56—

ob BT RmHR

(®)

Cu (ppm)
BeR HFHosletEEEpoLFRE Q97D

—3, @ty v e= 7 ALBER L bR BRI T
EBr R L ERIE TREEIRDEHITHD, T
KdB&, 7rem7 L UICHIbIER R, 8958
EFSNELBATIEAER Uiz, ThbH, 7rE
=7 R HEAD L, FRABETCEHIAOEREOSWE
ICFERENAKE - 1o, By HO200ppm, 400
ppm, 300ppmitHiF HEEREER, CulppmBRicH~

(FfiasEt 1 250D

(g%

ERS (100
MWEILE Bty g
(100) -
v
19y
¥ ok (95) | n
£ (74)
Z o 1
it (79
58
il
6+
o 200 400 800 0 WO 400 800
Cu (ppm)
BIE WOEY LT ve=7LRER 1977)
100+ +
PRI LER RS ]
B
{t &—— 0 ppuR
Xe== =K 200ppmE
_ A=A J0ppmE
$ O-——0 sppmX ¥
i
R !
%
h—_

I s L L L 1
7TH 148 216 227 70 1B 216 250

AR
- EeE oS LTEER (1977

P

i

P



)y ZRICHIT SECEERAOCERN L 2O EE

CTINENEETHDY, SEKEOERESTH . L
L, BEERRE S bIEEEROSWHICHEER
ENRKEh T,

(3 # =3

R L, EAy HEREE LT, Bosd s R
RIS O WTRER Lic s T A, MHEE b EEhOR
SERHFTECIE SR Liodt, BRE & SRE
B RS SN o0, BE SN RSO 7
2 z=w ATEIC DWW TEREASRE & LThadt, Linl,
WA S i, SRS RBICoNT, MELD bk
PEH R SEAAMN T 2 ERE L, ChOOfIRE,
#HAFEOFAEFEOR NI DO, HEORIKE
17 EHEMAOBROBRWICL 3 DO SERE ISR
LAgtd fE i s A,

—F, RS, BRsHEokiicd, SaRsH
—cHn, AREEOREROBL BL BT,
ZoFRE LT, BEHECEER/tiEOrSS s £
BEObAZVOT, BEOSFREICIFRT LTS
PEEA R LB ENERr LB O b S oo &
BiBhd, COCLE, Bfr DETHERERES
LT DR A OETRIC L - THEBMH S i
Z&, Tihhs, EEEEEE s NS @Rl LT,
o ARICERE AT DL SR s E &P EED
D, Martin A% HEEHACHI ST S 2 MERO
MR T DIEPESA TR 2 E2WRELTHY, B
EOHNER 7 HEcl, BiEeferBSICEeLT,
7reo TN ERL I LOLELD, iz, L
Aoz, 0. INHEEEmtE N HEROEEES100
ppmEIER 2 SBHHERSF IS 1, 2WppmEBADL &
7w Em= 7D SN TH WG LT3 LKA
AR Lo BT, THEEhOmr oA THHN
DETEBNTHD LI,

B koo, SEEETCIEME, 50, CVTHER
WoLFFHES N, RRNE, IEdr S OmiFrEirE
HnEsE LT, B Lm0 0T, i,
Ry X CEAMACET bEES L, WEFEHE, 7
vE=7 AR LT, AOOETEbED, Mo
LERE S —ERET 2.

ChETE, BEREIEELICERTILD, B
)y TEITIETEESRDHNBT 8o o,
EHBEOERTIEBLELBOR TR LMEHIGHED
<, HEPRELDEWC EFETHDOT, £ OH
HHPET T AERIGEIC DD LEmT S din, &
EOFERC L - Tk, TEMASHOTEE ST v e=
FAERHOETRH O, =0k, BIERERLLDIOT,
S C OB OMEZERE Lo BEORMARAT DS
EHFEFAE N LTRSS CARBETEI YT H

5,

4 & 7

19774E1C, CuDEfte®Y, 0 ppm, 200ppm,40ppm ,
B00ppmOHFELEE & B 7 AR LT, HEMAD
i, RUO7 =7 LEER, BHEERERE L.
FEEBOSHWHETR, ME, C VEHEMEOLE N
FEE i, RUE, HEES S O EREHsEE L
TH— At & D EMECH - I,

Fio, WEEOETrAESh, #EEA TSN
BELbis, 7rEa=7LRERLEOCERICLVESE
&z,

4, BELRBOTHELHBFATH
(1 #HEBAE
7. B&EHEOTHEE S8FERSE Ry FEED

19726, B&BOTEERE 2 » TRIOBHRNTRIN
L OBEERET S0, KEPHOSF s T, B
SRR & e B EAWT, Cu®200ppm, 400ppm,
800ppmé& Pb400ppm, 800ppm, Ffz, AstD200ppm,
A0ppmDMEHIEE D oin, CTHHOFHEEFH &I
EEE (Oppm) #360L2 ) — FFy FIZEHED
18FEEvy FaA=F) vy 25U, &X &2
He PEOMEAL, f, 8, cFEETHVEEER
Lo L, & 6 EH019785 6 AicaBad
PR SRk vk | e (=5 T Y e i

IR O T, RIS L LCiSET AW
BRIT & 0T Lo A, o BRI R A s o g
RAGEE S & O 45T LIz,

A . BHbic B SRS i REFOESB SR
1) FHELIETOERESR

1975~19774RiC T T, BHETES0SE L8t L /- i
U B SR O28E L BN 7 HEONE AEY,
WELEAZ 2> FFY ¥ AENGEE L, B
1 mHEIOES 0 ~30emBAr D181 & F D LEPRC S
HY SR EER L CESESgETE L,

tEOBE&ES R, REMLIC O EEERAEE
W AHEEHEE L0 INSEBTEGEEE L, $i,
MEROEEFESEONER, ARG o7,

2) ERB ERIOEGERE

72 IR, B0 HISRUBRILE, D, £
NENEMBORLS 4 B ERATHEEREE ([H
¥ wEEL, HEFOERELREROERESS
& DR EFE Ui,

AEEE S 0emE TIRL L, BEREROHEICS <
ELEFOLEFELNET D &£ 010, 0. RS
SEERRE Ulc, BEPOESES a1 RN 48
L, B EmOEIC L - THIE L,



EHR D ACRRBHE BuT

(2) HEBER
7. EEEHOERRIBHRASN Ry FEED

TR 6 EEFER L T FEBO 1 BM0EREE LD
&, CuEREBEOSL T, BRE (0ppm) KOES
40,0k A LT, 200ppmETEAEY 22 L, 40ppmET
1375%, 800ppmX CHELUBDEERETH -1, Lo L,
PbERETIH4A0ppmEK, 800ppmE & &I & K25
D, ASEERCIH200ppmFidENER &L 2Ehs
ANppmEX T HEUDERETH o7,

2D &5 HEFEER LI SNBOERSIAIZ ST
IEGEERETRT PO LEHTHD,

Zhickd &, Cu, Pb, As: bR TR OEN
SEFRL, PERETRMENGRER LI,

TEEOS U L EENSELOBFEEARD L, Culd,
MR C80pprX, 40ppmlX, 200ppmX, 0ppmEDOEH
E0HVRIEZESEERL, AE, BRI Lok
THehFEBELERER LT, BLNERETEE
CEOEEMED ONEH 572, Pbig, REREERN
AR S, 80ppmlX, 400ppmlX, 0 ppmROIHIZE
NWEEERL, FOEIMETCHEETH >, AsiIR
BRTIEBRR & ORRERO NI, - o, #IR,
KAR, EoRER, I, 1ETI200ppmEK, 400ppmE D
P 0ppmX LY HEERLERL, B, MiETEobRN
BEECHHIn,

Fi, BEANGOEEBESEERT FI3ROC S
BOTHD,

B2k EEEBOBLHER (ppm) (EAF» FEED (1978)

B A L4 i (LE6D

] i® o] I R R

S
X 1 2|3 |45 |6

&
2K | | &
7 i b8 R | AR & |1975)11976 | 1977

0 |13.7123.8)|22.1(13.7|10.5] 7.4| 6.6
Cu 200 [11.0}14.2(13.8113.8[ 9.7(10.7| 6.5
&4 | 400 |10.4(25.7(21.7|19.2| 8.4| 8.5| 7.4
300 | 9.6(17.1]12.8110.7(16.1|12.7|12.9

6.4129.8( 18.0| 22.8) 7.5(13.0(0.90;0.951.02
6.4123.2| 12.0| 59.2| 8.7|13.5|0.70|0.80!0.98
7.5|28.9( 35.8/ 89.8|14.9|17.6,0.70(0.95|1.00
7.5(23.8| 42.5| 140.9(13.9(12.210.70)0.95|1.02

Pb

0 [10.6]10.8|10.5]10.5110.5[10.6]11.1
L. | 400 10.7135.8/31.7(31.9121.2|21.3 211
=& | g00 |37.1/42.6]79.9(76.5|53.4]|53.7|53.6

10,7)21.3] 21.2| 21.7(21.4|21.7|1.22|0.,99(1.00
10.6 48,1} 42.2]| 109.0142.9|16.5|1.22|0.99]1.03
53.6194.9] 123.8] 638.7/91.1|22.0|1.22|1.04|1.06

As

0| 1022 0.21]0.17]0.11]0.19[0.11
200 10.33(0.270.13]0.16]0.160.16 [0.13
BE | 400 10.47|1.06]0.27|0.16/0.13[0.16]0.13

0.17(0,32| 0.25| 0.30{0.21]|0.26 |0.02(0.,02|0.02
0.13]0.33| 0.80] 1.20{0.32|0.28,0.03|0.030.03
0.11(0.39| 1.31| 3.37(0.68,0.25(0.04(0.03|0.02

1. EREEREDY, thofPRidEiEX2 0 Dppm

Hlik HEBEBOFGARESE (%) (RIF- FEER)  (1978)

R ;i) + i ;1! T &l
i L5 # (EED g2\ 8 = bicd T/ &S
Qfl_lvzjﬂ & " £ it % g I
ppm 1 2 3 4 5 6 7 By R (T B8R =8 [R)

C
ﬁaz} 200| 47| 0.9 0.8 09 1.1 2.0 4.9
w | 400 2.3/ 0.1 02 22 17 41 15

Cul; 84 0.3 2.1 1.7 23 3.2 6.1

800( 2.3 0.5 09 07 14 1.4 0.9

7.11 7.1 3.9|42.9121.9|25.7 9.9|57.510.74
5.8 2.9| 1.0|25.0}14.4| 52,0 8.7|75.1| 0.33
4.5 1.9| 1.4|19.9(15.9|51.5 12.4|79.8| 0.25
2.7| 0.5( 0.7{12.0]17.8| 59.7 10.4|87.910.14

Py |IPb O 5.1y 0.1 08 1.0 2.2 36 7.9
B 400( 2.8] 0.3 1.4 1.1 1.4 3.3 4.3
# | 800 25 0.1 0.7 1.1 0.8 3.7 52

9.2| 4.0 5.0(38.9;20.0{19.0 21.9(60.9| 0.64
5.4| 3.9| 0.8|24.7|20.3| 24.6 30.4|75.3( 0.33
6.6 2.0| 0.4/23.3] 9.7/ 46.0 21.2(70.9| 0.30

As |As 0 -{ o r3 1.3 2.0 b5 6.6 12.4| 5.1| 5.1]39.420.1|22.3 18.3)60.7] 0.64

Ei4r| 200f 5.4( 01 0.4 0.1 0.4 1.1 1.8
| 400| 4.0 0.2 0.2 03 0.3 3.4 1.3

4.4 0.7 1.8(10.8/19.9| 44.7 19.2183.8| 0.13
1.7 1.4| 1.4(14.2|19.2(50.8 15.9 85.9| 0.16

o Ee e p

-
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Uy aEiCR T AESEREOER L T OEE

chicdd &, Cu, Pb, As&d, HUTHEOE 4
EHE L, EFEFELDCONT, FOYEI AR
Mo, Tibb, BOELET  RETAHDE, CuT
i, 0ppmEXA%0.74, 200ppmiX0.33, 400ppmX0.25,
800ppmX0.14CH o7 PbTiE, 0ppmlX0.64, 400
ppmfX0,33, 800ppmX0.30TH N, AsTH 0 ppmX

0.64, 200ppmX0.13, 400ppmK0.16TH o7z,
A . BHICET HRE T REFOESESE
1) FHRESMEFOESEESE
FEE0~30enDRFLICH T 2EEEOEFRE LR
&5 HE LR EE4RICR Ui, Fi, @b
DERE LHHRPOEE & OMRIEIEDC LBV THB,

#Fak Huy v RSB ESBEREECICERYOESBEE (1975~1977)

\ﬂﬁ 2 = 5 + -
S 0.1 NEER H — th by H -
& = 0, 1N¥E: pH4.5 N AR o o 0.1NHE2 pH45-N 1 4R
i AR Fm4 R BRIRAR ® | EER Gw LY muawnas e
511 660 160 155 72 435 197 102 59
cu ®BE| 135 5 3 10 120 37 12 10
(pem) sy | 318 41 24 3l 287 115 55 75
B 1300 120 460 249 870 171 133 167
Pb #®E| 130 5 6 5 127 15 7 12
bpm) gy | 431 29 119 69 366 71 62 37
®E 427 8 - 2.6 339 18.9 - 4.0
As BRI 11 0.2 - 2.0 23 0.7 - 1.1
(ppm) 4y 128 1.5 - 6.9 129 5.9 - 2.7
W5 LY v TEICR T B METESESE JFHEDAE L OIS (r) (1975~197T)
+ Bt tE T ELE G E Cu Pb As
& E B B 0612 NS 0.487"
*k kR X * K
 OEf = IE | OINERERE 0.575 NS 0.554
pHA.5 N BB 7 v & = v AR 0573 NS -
& & M B NS NS NS
BoR oy B | 0.1NEREE L 088" | o5t T NS
pH4.5-N-FifE 7 > &= v LB 078”7 | o0.aa5” -
1, *P=0.05 **P=0.01, ***P=0.00
2, EEE 0 ~30emOIELH

MEPOCusEF&HD L&, HMELETRREENI9
ppm, FHETHppmTH Y, B2 LB CRESIT2
ppm, EETppmTH 1o, JOFMEPOERE, =
HoeERE SO, BB THBEBEEZE D
OO, By LHECRBERFE, 0 INERTES
BH&EORICIALH & D TORGCFABEBEEIED 5N,
TR OEEN S G SRR OEEN S o,

MRt OPb&ER, HRTECEREH167ppm, ¥

BTIppmTH Y, B TELREN 249 pm, T
69ppmTH ofc, CONIBTDEELLTBHOSE LD
THR R R LD &, BNy BOO INEBRTHEERE &
ORISGEWEOHEEFREZR D - LD, WETETIR
ZEWR, 0 INERTHEESE & GHERRIZEO LN
Rinoiz,

MU O AsEEE, BPETECRSH.0ppm, FE
C2.7ppmTH Y, BA 7 HECHTEE20.6ppm, FH



FHR 0 ACHEEHE BuUS

T6.9ppmTH »iz, COFMBROEE L RO EE S
MBS s b s Ch, BRHLETHEEEE,
0. INERTESREOUY & RN IEOEEBERI,ED
B, HEROSESSNVESHIBROSEFSD o
P, EBRrHBECETETOEE S MIENOEE & OFFf

RABSRILFR D O ML 5 72,
2) ERRIEAPOELESE
ERROEAL N ERBESERITIORD LBV TH -
FA
zhicdd &, Cut0.96~1.92ppm, Phiz&HA#H

BleFE FY v rEICHT A LERCRRATESERE (1972)

= s Jun 1 =, A = 2
Cu Pb As Cu Pb As
1 444 672 154 1.36 0.6 0.054
2 254 279 147 1.44 0.6 0.036
Ny ! .
L 3 181 250 139 0.96 0.6 0.044
4 140 75 7 1.60 0.6 0.012
1 606 1023 354 1.92 0.6 0.012
2 273 446 245 1.52 0.6 0.012
KUK £ & 3 69 93 21 1.04 0.6 0.012
4 111 135 57 1.36 0.6 0.012
1 323 489 240 1.36 0.6 0.024
2 236 648 184 1.12 0.6 0.024
BOR L+ B 3 121 263 62 1.20 0.6 0.012
4 79 153 44 1.12 0.6 0.012

. BT 0 ~30em®EEd L 0 OFHE
2. SEEY, AN 0Oppm

ET0.6ppm, Asid0.012~0.054ppm LEHTEL N
HWEDTLHNEETH Y, EhOEREDCSPIC
FBERLGEOONIE, oI,

3 £ =&
ESEESEENTRBICRLE(LDCEND L
BH L OEHTHMERTNDL ETHHN, FEihot
EPOEEESE RS MIC DO TITH 2R R T D,
8H, 8%, bR LD CEN, BERELS VTSR
ERENSEENREN 12,
FAZEEOSL L, ) TERR~ORN & By ICR
ETHEE AL KAA y P FREBOBERTHE, Culldppm
X, 400ppmX, 20ppmiX, 0 ppmXONEc, FofER
HENE & BT, BNOEESE LD, B EoR
BT DEOENEL o, BEOTE, L LD
FEBEAMLTIRICER LT, hER~0BRF 0BT
EEHETD EORTNDE Y, HOEFHESZZ, T8
IfEEEr S ADN9THD,

MEFEOSELH, RER~ORILBSCRIETE
BLIWORE AT, Pb800ppmlz; 400ppm X,
0 ppmEDIE EER IS VEIREOGE, BEIEN
B, BERaAaoRa PP RN ERmERL TR, £
HEEEE NS o T,

F6I, LEEREOSDFEER~OBIN, B
FETEEL, WTEHR~ORSRIRLMOENLAE
<, AsOppmliXT6L%, 20ppmX TB4%, 400ppm
EC86% &, SREENS I E EHTRICHT HES 2%
<, Hh EERicHd BB b oz,

EERBEOER, THREICOWNT, HER™RASHE
ARG L CABHRE T o 1205, 80 & SNIRERERR
BlEgR LTS, cBEIOBRINCHOD85%
I EBICERT B2V H D AHETERICHD LS
LThd, Lo L, EHEEDATHESR CBNTHE
E5H AR L™ AsOREHESIET, AsOBERAS
FEEE LR T, RBICT7.19, BiZ11.5%, B
4.4%, ROIC2.8%, REK2.7%, REIK1.5%
DHHRTH D LY L, REEHAOHEMEER LT
font, RRBCOIOREs—HT HB/RTH-12,

Y v AR B D Cu, Ph, As®OEN I,
BEEs L RETE, 4TES b, B, BEaL
DOHE ERRC40% , R AR O T ER 0% it
Rizncnas, BREIENT 5 IO TIRER~DE
BT, HTFRR~ OB L CuBilpom X T88%,
Pb300ppm T71%, Asddppm T6%E HHT iz,

Lo HESBEREORIR S EME, Hih) v T/

- Y SN

—

s



U IEICE D EEREREOERE L2 0HE

i DHIENE CIZRETOESBR SR ENE Lo iR
HLEMPPHCENCED,

By » TEOEES 0 ~30cn®FH B0 SEEE L4
BEOESFEESEE, CuPBEHEEE/ R ¢50pp
m, BF 7 HECT2ppmTH YD, PbOBREEEHTE
HECI67ppm, B4 2 HET2UppmER L, AsDEN
A  Oppm, SR T2 6ppmTHotn, &
OB FOEE L HEROER & OREHL S &, B
A THCu L AsOEITE L L2ERE K U0.1NE
feEa R L O, 267 L TIECus Pb#0,1N
ERpETEA R & ORIC, MW IEOHBEEERSEDH BN,
TR OSSR TOSRICEM LT,

—%, Hy > TN LIt RECEATOESE
BE&iz, CuTi0.96~1.92ppm, PbTR&EBEE
& H0.6ppmTHY, AsiICusPbL 1 biF/mENIC
PIRNERCHoTr, COESBEIADHEBICE I B
Y, HOORTENER (RESIEFR:EHE,
Cu : 50ppm, Pb . 7ppm, As:2.9ppm) XE#L
TIEREPHLNEGETHY, T 2ERBEODS
PICF S EEINTHWREI o1,

DEoERafadae, THCER LS, &,
vEOBESLFREL, Bl T EEICIRBTL
W<, P ELREPICREFELIALETF LANDEDE
BTELIPALNLEDSTH D,

4w =E

T EASRErSBICERE LW ARECET L
THEK, BORERZOBENICESEHEI SOLS
ENEFENDIERETT 0, ROFEREIEH L.

7. E&FEHAOTHE S EHFASE (R FER
197248, 1MV v FRA—=FY ¥ v A%Cu#t 0
ppm, 200ppm, 400ppm, 800ppm, Pb# 0ppm, 400
ppm, 800ppm, As# 0 ppm, 200ppm, 400ppm® &
Hr HEEEDII KR FICEREL, £F 6 F%0
1978 I HAGRE Lir 2 25, BAEHOELBEE R,
Cu, Pb, As:c b HIBTROLE WS EERL, [N
ETCBLENGETH oIz, Zin, EMIIESE T,
MR O b HTECARE, FROIFEBFESELE
HTEROERAEFE N o1,

A4 . U BT DHESE ICEEhOELES R

L BEERINRTOESREE

19754 B19T7EEIC ¢, BRSOl EA R L
BNy TELEETEOWEEAZ - ST vy
AERNBRELT, 0~30mF COWS IR B8
TICHMEROCu, Ph, AsSREHE Ui,

MBEPOCuSERE LIS &, TIEhCud®/A S
WE SRR Cu s B2 5 o .

MRPPbE R, B2 LT INEREENT
WiE SRR EESE N o i, R C R 2 OEE
YIS N

MiEPAsEER, 27 HECRTEHOASESE
SHAEMEF T SR o o, LT, 1
FHCAsPZWE SHIRPIC D S o1z,

2) EFBEREFEhOELESE

REPOCuEE, PbERLUICAsEEIRIFTIC
THWEBRTHDE L, THIPOEREBOS Y &
MFRAFED DN,

V E£REHCLIETHEENRE

TiEFHOER L EEBEARET I C L@y T
L, Uy TE B ESEEICL AEEEES
BRSSO EAMEFEE Ao, 1
HE K & DEBEERICONT 2, 30RBEERL
o

1. ERBEoBERLEO®B
) HKE@F=E
7 . EEEROM
19754, E@FEH (Cu, Pb, As) DEE{E LR
FROMRERF T2, PRTHEE 2Ry L
B, ENEFNREERY, B 0 ~15mih 5L L
iz

B AR =

(A EAERAXO0, INEREFECu ppm) — (EMBAR 0 ANEBRTECu ppm)

S EELE 2 4R L, Cu, Pb, AsOELRE
HRBERMRRIC LD EEEE L0 INERTHE R
ZRE L, BESEECpHIIEREICI > TEE Lin,

4, TS BA O &R0 EE

19744F, £HEO HBERBEMEMET 2 &Ik T,
WMOBBLFEAET 22 E 5 DN TRE Ui,

ER2em, ES3BmOE €t 74 Fducle, £h
KEITRIORT L o C Ay B M £BE LoCus
BORLSHEHE (0ppm, 420ppm, 870ppmeD 37l)
BOER 7 (250ppm, 580ppm, 800ppm® 3 #3E
&, W24 3 M PBOIT6EICEL L, 0. 1NEREE
HEERE L, ROXCLD, LS EHOEEEHE,
TS, ERHERR L ROfoIsgEs b s ni-,

X 100

HEAEERE O INEMFACu ppm



FHRE DA CHRGHE BUT

HTE ABEX 2 BEEHoBR AR

- & h i 5 2 £ v L I
S TED (g |10 a I () | s 7TED (§) | 10a #H ()

Cai 13 376 11 318

4+ BAJK KA Ca: 27 780 33 054

Cas 43 1243 75 2168

. L P 36 1000 48 1400

OB ¥ IEMA P2 144 4000 192 5600

H, 17 500 17 500

WEESRARA H: 68 2000 68 2000

ol 12} 0 0 0 0

1. 38y YEEP KT vBEINHEED10%, P: R TO%EEEEEEE Lic,
2. MENEHEAD, FEEEE28.6%, T AREE3.2%, b T X2.3%, U= r13.8%0ORETERK S

TBREREE & Licboa#ER U,

(2 REBRER
7. EetEROKRE
BEEHEOEREN SNES 0 ~15mDHEFFEL L
T, SLHBICHT 20, INEBRTBESEOBLE &%
B LR ERT LHIBROLEBNTHD,
LD L, HEEHO NSRBI, ML

WEHCuiFmdE L, RIOTPh, AsOIETH o7,

L ABNEEL D &, CukMRELIECRELYEY
$241.19%, BA S FBT14.0%, Phizifgd-E<18.1
%, By LBETTHERL, AsikiB T4
o, EHEy HERL.0%THY, ELFELLFHELTED

BRSNS TBOENL OB, 0T,

H18FE FLEBHOBBRMEROBTICHR Li-2BBE, 0 INEREETE,
Wi, pHOB®E, BE, FHoak' (1975)

N w'| amms & E WM E ppw 0. 1NMEREEHE (%) BiEa® | pH
Cu Pb As Cu Pb As (%) i (kel)

"9 860 1400 408 67.9 31.8 14.2 4.0 6.1

HELE | & & 140 80 28 25.1 3.4 0.4 1.6 3.4
o 439 481 161 41.1 18.1 4.4 2.9 5.0
B & 1400 1960 480 49.4 26.9 2.8 21.0 6.7

BR7E & 30 60 26 0.3 0.3 0.1 5.4 3.4
o 485 714 186 14.0 7.7 1.0 11.1 4.9

1. 32BEHBOBES 0 ~15emd 1%

ZOEHTEREF LIATREOO INEBBHEL BEERENMED -,

DWT, HIBEROEESER U pH (kel) SOFABIE
FrRbLonresd, BOROLBYTH o1z,

ZhiZE D&, 0. INERTHFEEEOELELRBHE
B OMICHE, BRELETCIEPbOANO LY, Bl
#+HETid, Cu, Pb, As& B ADIEBEMFES
RUEBEICTELh oo, LB BN L e
DT eEHEREE NS L L-BEICE Cu, Pb, As
DETFE-DEBNAEOHENBERHELAS D, BESEIS

iz, pH (k) ¢OBEFEEAD L, 2RERZEH
& LESHCud PO SBBN~D 03B B OFHRE 7
7, METETEPYEOBICOAMNE OB EE
T LT &g, BEsTECHCUEDPL
LOEICHEN, AsTHOLEWLWAOHBYEIED S
NDRE, BITFNEOE NG pHIC A F (EES
NHCEERM LT,

——

T

S

B o

P



U x xEICh 2EEEEEOENM T ORE

$19% 0. INERICE D6, 8. e EOBIE L HEER & OMBIRE ' (r)  (1975)

+ HEEE & O H Cu Pb . As
E I 5 * ok K * * &
R i IEREE R & DEHY -0.753 -0.633 -0.526
+ pH ( kel ) 0> BEATB 0,260 0,490 NS
R LA * ¥ * K ok
KEREA B & pH (el )& O EHEEA 0.802 0.808 0.525
AT & O BHIE NS -0.524" " NS
MELE | pikel)e omE NS 0558 " NS
IR S B & pH kel )& D TEHIS NS 0.670" " NS
L & B ARE -0.359" 0,427 ~0.365 "
Ry +iR pH (ke )& @ 34AE -0.647 02 " -0.456"
AR & ol ( kel )& DEHI 0.735" 0.812% * 0.570" "

1. =p=0.05. % +*p=0.01, * **p=0,001

A4, TiEgk B 0K 2880 EE Lol ¥IB, BERREAERA LoROEOE 2/l
BRTHEHELEA s HEAMR LT, TLAK, BBILENED L BOTH D,

$20% HMERMOME S EOBREHR' (%), (1974

P + & OB o+ 2 oH s + I
Cu%
ﬁg(
£ # Pory,| 230 420 870 250 580 800
Ca, 8.3 0 3.1 11.9 0 0
& o+ A K M A Ca: 8.3 4.1 3.7 32.8 16.7 1.5
Cas 12.5 10.4 10.2 49.3 44.4 10.3
R, P 0 0 0 29.9 19.4 0
SER R L P 12.5 12.5 9.2 59.7 55.6 14.7
BmHEE & RA L 0 0 <0 37.1 5.6 0
i A H: 0 0 0 23.9 5.6 0
o (AR 00, IN SR T HECuppm) — (S BHEAXO0. 1 NEFEEECuppm)
L. EeughR= HEHTHIX D0, 1 N EET & Cuppm x 100

1) ELAK, L5958 EOER L B2 PEskE <, CuFEED250ppmtHE~800ppmtiEs
B ML bETARRETL 28 ~IBOES T 5 &, 250ppmBEOEE(EFENFCalX (FL
BEFSWE L EECBRESARZIVERICS - 28, EO AlK2168ke,710 a X)) T49.3%, P[E (LY ¥
R EA s TR E , RS TRAS P o, 5600k2,710a K)C59. 7% A Lim D1, 800ppmEbET
HA7 TR, CuEFES P EEE CEELE HCa:EEUPEKTH10.3~14. 7% 0BE/LHRICT



HHRED A CTERBRISEHRE $245

EWnalc, —H, BHEEECREEREOS VL0
EOBAF R, i, BREHREOLOIKSHE]
SR LIz,

2) mEEERENOEREICEIEBIERE BEHr L
e, CuSREERAMEWHEET £ H B250ppmEEETHRE
EERBHEHRAT 5T &0k - TEBEbMEES his
7%, 580ppmtiEE800p pmHEO L S ICERBOSESI
W, TOERRFADONR oIz, Tio, I LETE,
EREOSPICEE <, BEEEREERC L SEE
THREAD DL ERTELD oz,

@ & =

FEESOHEMC ST AEEERAEEET 5 ER
ELT, E<ne, o FRIDE, B U8,
7ah U HEREFMe N, CO5BTH, Willis 5%
(1936) 1ZH &k - OERIASEE, Vandecavege 5™
(1936) EEEEOERIC LD v BEtoBR s, 5
E® (1942) K ?¥Hurd-Harrer @ (1936) &, 7 ~E&
BHOBAK LD e FHEEOERE, 4, TB@ES™®
(1975) iF, WiEE—B LR VORI B e BB
I OWTHE LT D,

ARMTEHR LHL TR LTEEME
SO INEBRTEaE ICpH4. - N-Bif 7 2=
AT & OB GRERG LR, R
TR, ), eELbEGEMEEENS D, Fio, BK
s BT, 0 INEBTESEORCHEMERRED
SNED > EO0, {HEWTN LIRS o N,
S, 2EMESSTNE, TEESELE N o1,

O EhefERETNE, TERO®RORTHSE XS
o, EHEOSVEMTE, HENEE LEBDEEHOR
REMATULE - T, EE{rd@s LERSEDN,
HE BHNTITR - ELARK, L3 B, BEE
FRHAOHEAICLZEE DR RAABRMETD,
Cu250ppmtiEid, EHAKEL S Y ~iBESEICH
T2 20k - THEEAL D LE0RIREO X E NEE
{EERE LTV h~, BHEO %\ Cusi0ppm T
Tikl0~16%BEDEEHRICT ELh o/, 2O
LHEATH, EHENSRNERL2E LTS
B % o TEEL RIS L BT L AR
hic,

EiEE OBRIC DN T, BESE2 ~ 3 %0
WoHHF, BESEL~15%0EF 7 18I0 bF s
PIERLSNCE, Fio, BEOSER s LIETE,
$, #, cROBREEFEEESELAOMHMMRICH-
oy, BREHOSENPEIECREOBERNr S TS
E, B0 PHAEELICBEFRL TN L HHEGHIT
D,

pH & DMFE T, BLTEBRIRES LN, BB

8 (&E) v S arEErgbnsboo, EREO
SICEASND IO DEEEEX D bEOTHREBIRIC
Holce LvL, BR7 BB HHLHICE AKX
AR vIBEEHA L-RBTH, pHomEBIC L 0 AT
BABOTIHETH o,

CHABEOT & OERSHMICHEETT 5 &, EEHEIE,
pHESHEEEREME N, BHEOR DL
20T, BREREG L S B0, Bt
HAER R ER AP BEIRHEL LD,

CNETH, VBT, BKEEE, v BEIN
B, HEmONERICL - TR A3 LT E s,
RSEmIciE, ChooRERESEOEEbMRICED
BNRBLOTHHCLEMRATHC LD TEL,

4) 1 T

1974 B19TTEIC T T, EGEEOT R LIEED

ERHTBIHIC, ROFBEEM LT,
7 . B EROE

M, 8, -EoBECERERH TSI, LT
BBy a4 LT, 2EHE, 0 INEERTH
S8, pHEUKBESELOE« DEBHERED &
oo

m R CCE, &, v LeEHB L0 INER
RSB L0, BWEOCHMBEREYN B, FHEE
BETNEBREENR S, o i, Fin, &L LTH, B
WEE & pH 2 BEE/ER IS D o T,

A . iR ORI X IMROEE

BT, AR L SRy BB LCELAR,
LHY B, BEESREAERA URofEO EEL
MEFRRBLILLCS, ELAK, X5RY B
BIHEOE AR SAREVERICH 12, O
BER, BEFr74H@BTRE, BEIETN Mo

T, FEEEHEAOIER IS AMOEEERE,
LEBEN P WHETIHEL D o, 2ERHEN
SHNHETEFREFEHENTM oIz,

2. MIERFICEITAHERICISETHEDH
IEEO®E
m #HEH*E
7. EOTBRIC L AEEEIOEE
197748, BABEHES0MF & | A i i EE o fEE
EHWTEUAROFIRZ 0 X 210, G, AREIES K
DHEIHE R A s A o MR AR, EeEROEED
PRREE Uiz, S/, SUEBHSEFERHCZ 92 2o —r3i—
FARICHEE LT, t048Fr OUHKOHNREREH
¥ L,

[ DS

-~
e T ew

v

LSS PN



D xEICBIAEEBREEOERLZ O

gk B B K o B OO
K Eai H ¥ i
mwow B K HOZETE 5 enfRAF & HHiT
® b= X HZET 30em = TR
Hhmy + H BB 4+ FEHEK
TEHR -1 K F&ﬁmvmaﬁulww {{kel ) pH4.0—5.5}
H: e Y 4000k
ErEAN + o) A0 4+ HE 0 4+ BHX
' _ ErRar 10a 80 660k {(kel)pH 4.0-95.5~6.0}
tRRR-2K £apy e s 900ky (B 5 BHRMBOHA)
HE e s 4000kz

A . AR BRICEE T 5tk BHC L 588
OEEks Y ¥ THOLEE
AR D& 7 A0, CudrBEH 0 ppm, 200ppm,
40ppm, 800ppmicifd & 5 I ESERITEERE R LT,
AT AR » FICANT, 1ERIE AR I
BLTHWHEEMHR L, 19844 4 BICHEZ6E L
i
THEFAHME, EHREETCRT) Yy ITHARKROF
D (EEE60m, FESE0cmDiEA TS, Hhikh L kg,
K BREY HEQ Sk, HEAE10kg & HERIT ) ICHEL, 25
00530 1 a 7 &7+ — sy MCHRTELES Lok
B, 1850/ MBEFKEL, £F 1 FHD19844F

118 ik 34 2550 Uiz,

(2 HEEEE

7. 2EOTE I L BRSO LY

ROz <, AKEIRS LHERERAE LT, 30em
B AT - IO R BEROIRHEL 7 YV ya — 5 —
OEHER LIZEREEZRO LBV THD,
ZHICLD &, HEHAEE LTS 0 ~30mT TOHE
OISR 1 £6 AR TR, ERBRO31.3%K
LT, 30emEBEIK G224 1% TH YD, Fic, THEsR
1E QOcrBEEiR o L o v LHEIEHEA) Til7.2%,
THEFEIK (1K X9k “EaBnUZK) T
16.6%F TRHURMET L, fAOESEBERALKEN, -

FngE TEFRICIAFACBEEFILET Y 7o —A-0fBENE (1977—1978)

* 3 [ = 1t 557 )y e i
NGIPNEEE Y RRLE6nBE |0 & E N
N7 o | Gom [ 9 —gB T [Ty ti® —gty | 771001
0~15| 580 | 210 <36.2> 4.6 4.2| 200 <34.5> 44 4.0 w %
s R | 1530 180 40 5.0 4.2 38 4.8 4.0 295 (1.00)
0~30| 380 | 125 (32.9) 48 42| 119 (31.3) 4.6 4.0
0~15| 606 | 195 <32.2> 5.0 4.2| 105 <i17.3> 4.7 4.0
ok K | 15~30| 200 | 47 46 42| 89 52 3.9 2855 (130)
0~30| 403 | 121 (30.0) 4.8 42| % (4.1 50 4.0
g | 0715 60|15 310> 48 42 % <B2> 58 8
lg = 15~30| 220 60 4.5 4.1 0 57 5.4 3790 (173)
0~30| 425 | 128 (30.1) 4.7 42| 73 (17.2) 58 5.5
g | O] 65| A8 34> 49 4z} %5 <> 6L 56
Zggakﬁg 15~30 | 245 66 5.0 4.3 48 6.0 5.7| 4050 (185)
0~30] 435 | 141 (324 50 43| 72 (6.6 6.1 57




HHE D ACHBERES BuT

o

Fir, BRMEDS &7 & a— - OEREERE, 8
MR D102 B 02,195k TH D ICH~, BEXKT
1330% 02,855k, HIEER R — 2 K TIE85% 04,050
kg, WARICTTZ >2RO R RICK - THEEED
kL.

A HAARBERICHERAT 2 LR A L o8
OEELE ) v TROET
TR E ) v TEARBRKICED T, B L
BB 5 HEDPOVOERLL ) » THAROEFWE
BRIIEBELVCTHE -3 DLBOTHD,
CNIEKE &, EARTRO WSS IECus00ppm,

F23HR FOSIRTIHAREROFTHELDNESY » TOEHF (1984)

X £F 1 FEH0EFE (18#8%0)
AR BHLsSE|EEH LS E
CuppmP/tl | iR | /MR | &AHS | 24F8E| 1408 Hon  op

) g 7z g ¢ ¥ ¢ on om

0 i 84 8 170 52 36 350 | (1003 | (100) 190 27

5 106 8 182 71 41 408 | (L&) | (116) 197 33

200 i 64 5 150 56 12 287 | (82| (100 120 24

H 102 10 162 72 38 384 | (1100 | 34 165 33

400 i 43 5 143 47 12 250 | (7L Qow 70 23

a 81 10 159 57 32 339 | C9m | (136) 170 24

500 i 8 19 165 44 4 240 | (69 (100) 39 9

#H 20 17 160 55 14 26 | (76)| 11 119 24

1. &L./M26

BEE—3 (HOSPHCITEANRKROGES DIVES
Y v TEIOEFT (1984)
400ppm, 20ppm, 0ppmOEREOS\MCETILD,
FEIZ800ppm THEFRWATFARER LT, Lrl,
Frdigp v, Lo iR, IO LS EM ORI
S oTHEGMIEFMEEL, #0595 TH, Cu20
ppm&4MppmX TR, A AWROFEICK » TR—F
HEXOXB0%OENER L, BEEOBEF EL AL
FEEShi, 2235, CudppmE O &5 ICEHED
BEBAATETH, EFEOREFS Ch, dRERTHER
BXOI%OEINCT &Y, BEEF2{Z0 0 ppmd
dEgy B IC i L C76%0EFT Th oz, LinL, CuBl0
ppEX DEH BE TCIRF L & 5> HE XA EH TR
BTH oo D& BT 2 L2 OEANHERTH, Fil«

HSOEURFEFLEY, BEE—JICABNDLOIT—R
EREROERErERTon i EBEFcEE LTV,
AN, WTHOEE, Hic, MEORERTE L L
BIELT D & /NB M O THIR O R SRR IS A5 A o
fzo ZNIFHSUTEEREFERLTOEHBEIBAT
HNISEITEMROBER T 280ppm & BN R L EHEDOE
HEOTARTHEDDEPNTWEA L EEFRL
Thd,

@ # =

—E, HEDICERLT LE-rEGRHEE L VL
CERAARECHHOT, Thbl FEHIERNE S
HAMGERIVETHD, TOLT, ChETTHH&
flT LcEE I ERT mh s pHO%RE LEEOENE
WHKEEORICW LT O, FRHEREOSN
B DEEFRIC &S D s W OFRERFREO RIS
DEICEN ANTNS HPEETCH D,

507 g a8 24 Ui MRS RIS INIE, B
0 ~15emE CHOCuBEHBRESXRR TH 5% TH SO
ICHs, 30emZERHX O 0 ~15emTHE17.3% T Mg O D
ERRSEH, CORBIFICHES Wiz bR
HINBOWINTH -2, THNEALFELE, £, 1971
FEORENEOHRIO, BT 0 ~10mE TOpHA.5-
N-HEE7 v e=v LG ECuSB IOV T OEESH

[ T et

P

L T

.

-—



Y ¥ TRICHS DEGBEROER & 2O

- §

HE 0 ~10cm ® i

LT
K £
T
ES

30t KUK -13%
ML R1% _]

1200 140 160 180 200
PH4.5-N-8i 7 > == v AZME (ppm)

20 40 60 30 100

B HEROSAEILD

EE 0 ~30cm ! D
01 68 b
_. x
: % é
6o+ 4
% il B
g,
T KU 4%
20t 1§ B S3% _I
104

80 100 120 140

150 180 200

pHA.5-N-FE 7 >~ = =& L EHE (ppm)

BI0E @ERoomaEle®

G &S 0~30emZ CHERF Lz 22 LBS&D
F RS2 bEANBI R TAD LE IR L EI0FD
ERVCHD, COMPBEXRIR UZERES Y v ol
OEFOHEOETER, HIERUHESRMS ) » THEAR
PEFHEEEZ T B &K LoiEE (100 ~125
ppm (0 ANEREEEEER T (130) ~150ppm) L kD
EHEDH->THADE, FE0~1WanETOLEEFD
FHEMWH Lic 2T NEERR 7 HECRI13% ORI,
MHETRA %OFER S EEE S E U S\ 100ppm Ll =
ORMICEST D, LL, 2HE30miEH Li-s 20
fERICIR100ppm L OB RS 7 HECi3 4 %,
HETCEMBICT &, FEHES R 5 RS
AR - THAP LT AL 20 bhS,

FiZ, 57 0o —S— 458 LRSS T, 0em
BT A 2 v HENEHER, £ 5V ~IEOMHBE
SR sicd o7, CulSENIT%ETRTY
Blebic, 7Y/ 00— - DEEREHEYEXO85%
LEIMLTHWE, CRODCEMBEAD L, ZTNET
HHECHE LTEL? Y B OUER B KR &

HHERE A & EiE LTRSS R & £ 5 LR Rk
RESEICIDEFHENEICOL2UMDOOTHD L
R s,

—k, 3EEO LERBCRENT, Uy IEAERE
THHEGKE, HAREDL, HERREHEEAT
ST EERTHD. ARBRTHEARERICFERHTS
TEHEEEHOBAICL > TH L 5OMTH L
LFMRYD, HOBHELEHI I & TEL, L
ML, S0ppm® & HEARERE TR, 8k T
—RAEE Lo X 3 ICRA T LR EY Ui K ERR
BOERELTRTCENRCLETEREN Tz, TH
i, S PHORTWEL S, SEEFIBATHH
W, HEsERE (B LESsRALLE0ENEENT
LE>TWDIZSHT, CulllppmIEDQ. I NARE T
Cug B 280ppm TCHh- R EPDHMB I LHFTE
A,

Linl, BALERETHNRY, HARKREOFK
L&D LB REHOER I, EEERCL5EEHE
EEETARMULADNI0DT, SIS »TIHTE
BIRDOASSTOEANED W REHOER =R
5, i & bEROm, B0 ESOHEA
TEDL H>THBEME LT, FhiEHA, £HHY »
iE, ¥EEHEAL, WHETFORESENZLENRD
Do

—F, BETLONDEENmIDOAZ S OEA L
ERR LTEFTFREER Lick LTHEE2 ~3 4
®BICE, MARIOEFMRANTESICRBDT, 20
HBOEETHEBRT A0, BANEERD, £
EOHEERESEE LT BENDHD,

CNETH, U rEOBERICE, BEfErn
O RREINE 25 L ceEo D ER R AR
ML, B, ZNICHEARERENMATRIET 2 4%
WaLTELY, CNOHONEE, EGEMNEOTMS
LEELHRHTHEC L EERT ILEF BB,

@ m £
1) ZEOTEgEICL 3EEEROLEE

R ¥ EE <, 30emBBH 2= L o HENE, %
+RAN, £S5 YIEO LT R AR LSS0
OB LT Y 7 7 a—N—DEEE LI £ 05, FEDE
diEEE, WRRBO31.3%IH LT, HERBRRF1T~16
%THY, TEREOIEMICL > THOBER/EAAE
RBEEBIC, 7Y 4w R OEERDLIEIFT0~80%

RN LIz,

2) EHAFGERICHAT S HERRM I L 28
OEElE ) v TROEE

FACETHE 2 0 ppm, 20ppm, 400ppm, 800ppm>tiE

2, HASGBEOHREICE L C, HLHRANV, L5KY



FHED A CRBIBWE AT

vHE, HEIRAHE LT, 1HES D/ MBEFIE L&
5, EREOEXRZ0ppmOHRX T, THEHECY
OBEEFS <, EEE (ppmOEHREE LbE BT
&ied, EOBBELEEICRETICLIEHTCH I

vV %8

19714 LI, FHoE, FERAY v oEtEENg
& LT, BEEGICHRT 2ESREOEREEEHE
THEELID, OB ONTERIIEEEN LT
fro CLTH, QE&BHOERERE, OTBIERL
FrESESOPE, QOHEGBEHOLEFTHEE EAHED 3
FHIEDOWTC EDEELDEOTHRET D,

1. ESREOBHERE

19714E £ 19754F1C, HHEAY » TBLEcsr 28
&R (Cu, Pb, As) OEHELELITELL,

(1) V> TEOHESE 0 ~10cEfhilc BT 5 EEHED
e, Cus*1200ppm, Ph#%2350ppm, As688
ppmARTEHIA H Y, FIHMET L Cuit100ppm i,
Pb#450~700ppm, As?200ppmfi CAHREHLOD 5 ~26
BETIENVCSNEEBTH T, Ein, BES15~30cm
B OE& T, BE 0 ~15eniBhiDENicRT, WP
HEei~4, By LGB oBRtEc I~ EE
EPIHNEBTH -7,

2) EHBEOO. INEBTRBREGER, HBEOEWIC
Lo TRLDBH, BE 0 ~15endih; 0 FEHE OFiEe
i3, Cu#*#l10ppm, Pb»80ppm, Asd#4. 5ppm
CTHY, BE15~30emBTEOEE L 0 ~15emEBAL IS <
T, FHGCur L, PbrAsEIEEDOSE
THolc, Fio, pHA-NEE7 ¥ == v L[ BE
EiZ0. INHBABEEC A THELEOCusEY
$id, BRI THBOPYEENFNC LFEHNT
BHolls .

(3 TEOES 0 ~30mOEBTIwT HEREN
BESAEEE &4 5 &, CoZEIL200~300ppm O Y
PiELE {, 0ppmEEA DEMTEED. 2% THY,
Fb&EI100~200ppmOEMI T b % <, 400ppm &l
A DEMAM. 4% E5R U, AsEE TIES0~100ppmdE
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The Accumulation of Heavy Metals and it’s Influence in Apple

QOrchards

Haruzo NARITA, Morio SOMA, Tadashi KATO
Satoshi SAKURADA, Tomoyuki KON and Hitoshi IWAYA

Aomori Apple Experiment Station
Kuroishi, Aomeori, 036-03, Japan

Summary

The actual conditions of accumulation of heavy metals have been investigated and its
influence have been studied with the soil of apple orchords in Aomori Prefecture since
1971. In this paper we report three conclusions; (1) the actual conditions of accumulation
of heavy metals, {2) the influences of heavy metals accumulated in the soil, (3 the
measures to counter inhibition of growth by heavy mezals.

1. The actual conditions of accumulation of heavy metals,

The actual conditions of accumulation of heavy metals (Cu, Pb, As) in the soil
of apple orchards in Aomori Prefecture were investigated in 1971 and 1975.

(1) There was a orchard that shows marked accumulation with maximum amount of
accumnulation of 1200 ppm for Cu, 2350 ppm for Pb and 688 ppm for As which were markedly
higher than those in uncultivated land (e + i virgin soil). The averages of the amounts
of accumulation were about 400 ppm for Cu, 450-700 ppm for Pb and 200 ppm for As at
a depth of 10em, which were 5-25 times greater than those in uncultivated land.

{2) The elution rates of 0.IN hydrochloric acid soluble amount or pH4.5-N-ammonium
acetate soluble amount to the total amount of accumulation were examined at each total
amount level, They were larger in the alluvial soil than those in the black humus volca-
nic ash soil and those for Cu and Pb were large, while those of As were small in regard
to elements.

{3} Concerning the aspects of accumulation, the amounis were greater near the outer
layer of the ground and less at the deeper points, at a depth of 30em only 1./2~1.10
the amount of that at a depth of 10cm was observed.

(4} The amounts accumulated were larger in the orchards opened in the old days, and
were alse larger at the point near the trunks of trees in regard to the distance from
trees. These results clearly showed that the accumulation was due to the spraying of
agricultural chemicals.

2. The influences of heavy metals accumulated in the soil.

(1) The amounts of accumulation and the growth of apple trees.

Uncultivated black humus volcanic ash soil were adjusted to show 0, 200, 400 and 800
ppm of Cu and Pb, 200 and 400 ppm of As by using agricultural chemicals, and left in
natural conditions.

1) The amounts of Cu, Pb and As, and the growth of Red Spur Delicious ./
Marubakaido.

Red Spur on Mulus Prunifolia var. Ringo Asami were planted in the plant holes with
the soil treated as described above and their growth was examined after a year. Poor
growth was observed with increased amounts of any of the heavy metals, Cu, Pb or As and

of the three Cu caused the severest under-development while the others did milder ones.
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2) The amounts of Cu and the growth of dwafted apple trees.

One year old Fuji/M26 apple trees were planted in the 1.2500 a wagner pots filled
with these soils respectively in 1974 and 1982, and their growth was examined after
a year. The under-development was observed with increased amounts of accumulation
in both years, and it was particularly marked in the areas with high concentration
of Cu; 400 and 800 ppm. In regard to part of the tree, it was remarkable in the
underground parts.

(2} The amounts of accumulation and the growth of radinoclover.

In this study three kinds of soil were used, i) the black humus volcanic ash soils
containing 0, 200, 400 and 800 ppm of Cu, ii) the secils which total amounts of heavy
metals were 600 ppm (Cu 200 ppm+Pb 200 ppm+Zn 100 ppm+As 100 ppm), iii) the soils
which total amounts of heavy metals were 1200 ppm {(Cu 400 ppm+Pb 400 ppm—+Zn 200 ppm
-+ As 200 ppm). The radinoclovers were sowed in 15000 a wagner pots filled with the
soil as described above respectively in April in 1975, and their growth was examined.
The remarkable under—develpments were observed with increased amounts of Cu and total

heavy metals.
(3) The amount of accumulation, and the aspects and activities of microorganisms.

The aspects of microorganisms in the soil and their ammonification and nitrification
were investigated with the black humus volecanic ash soil and the alluvial soil with 0,
200, 400 and 800 of Cu in 1977.

In the soil in which Cu was accumulated, bacteria and crystal violet resistant
bacteria were inhibited to grow, while Cu resistant bacteria such as funguses or
actinomyces prevailed, and it was likely to show a single aspect of microorganisms.

The nitrification was inhibited because the growth of nitrificating bacteria was
prevented the ammonification was inhibited by the accumulation of Cu.

(4) The amounts of accumulation and the amounts in the bodies of trees.

The following studies were carried to investigate whether heavy metals were taken
into the Eodies of trees such as the roots or the fruit when they were growing under
conditions which had large amounts of heavy metals accumulated in the soil.

1) The amounts of accumulation and the distribution in the bodies of trees (pot
study in the enclosure).

One year old Red Spur Delicious planted in the black humus volcanic ash soils
with 0, 200, 400 and 800 ppm of Cu, Pb, and 0, 200 and 400 of As in 1972, and
were examined as they were taken apart after 6 years in 1978. The amount of Cu,
Pb and As were all the largest in the small roots and the smallest in fruit, The
distribution rate was higher in the ground part than that in the underground part,
and was high with increased amount of accumulation in the underground part.

2) The amounts of accumulation and the amounts in the small roots {on the spot
investigation) . |

The amounts of Cu, Pb and As in the soil and small roots at a depth of (~30cm
were examined with 20-year old Starking Delicious growing in the black humus volecanic
ash soils and the alluvial soils in the orchard opened more than 50 years ago. The
amount of Cu in the small roots was large in the soil with large amounts of Cu for
both kinds of soil, The amounts of Pb in the small roots was large in the soil with
large amounts of soluble lead for the black humus volcanic ash soils while this
tendency was not observed for the alluvial soil.

The amounts of As in the small roots did not correlate with the amounts of As in
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the black humus volcanic ash soils, but for the alluvial soil it was large both in the
soil and in the small roots.

3) The amounts of accumnlation and the amounts in the fruit (on the spot invest-
igation).

The amounts of Cu, Pb and As in the fruit were very small and did not have
correlation with the amounts in the soil.

3. The measures to counter iuhibition of growth by heavy metals.
(1) The examination of the fixation accelerating method of heavy metals.
The f-ollowing studies were carried out to search for the fixation accelerating
method of heavy metals from 1974 to 1977.
1) The search for factors of fixation.

The search for factors of fixation of Cu, Pb and As, the correlations among
total amounts of accumulation, 0.1N hydrochloric acid soluble amounts, pH and
amounts of humus were investigated.

There was a close correlation between the total amount of accumulation and 0.1N
hydrochloric acid soluble amount which showed a large amount of elusion for large
amounts of accumulation,

In general, the result suggesting that pH and the amount of humus were likely
to be factors in fixation was obtained.

2) Use of the soil amendment agent and the fixation of Cu.

The effect of Cu fixation were investigated by using magnesia lime, cultivated
phosphatic manure and organic amendment agent for the black humus volcanic ash soils
and the alluvial soil. The effect of fixation was likely to be high when large amounts
of magnesia lime and cultivated phosphatic manure were used, the degree was large in
the black humus volcanic ash soils and small in the alluvial soil. The effect of
fixation by organic amendment agent was observed in the soil with small amounts of
accumulation and not in the soil with large amounts,

(8) Demonstration of method of reduction to counter inhibition of growth by heavy metals
in the adapted orchards.
1) The improvement of the soil, the growth and the fixation of Cu in the adapted
‘orchar'ds.

The elution rate of Cu and the growth of radinoclovers were examined in the
improved soil on the actual location by using soil amendment agents such as compost,
magnesia lime and cultivated phosphatic manure as well as deep plowing of 30em. The
fixation of Cu was elevated by amendment, the elusion rate of Cu was 31% in unimproved
soils and 17% in improved soils, and the growth of radinoclovers was increased 70-80%.
2) The plant hole improvement and growth of saplings of apple in the soil with large
amounts,

The black humus volcanic ash soils with 0, 200, 400, and 800 ppm of Cu was planted
with one year old Fuji,”M26 apple tree according to the method of plant hole imp-
rovement by using magnesia lime, cultivated phosphatic manure and compost. It was
difficult to remove the evil of accumulation of Cu in largely accumulated area with
800 ppm where the growth of the sapling was not better than in unimproved soil with
bppm, but the evil could be reduced to a satisfactory degree by plant hole improvement
in the soil with 400 and 200 ppm.



