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Fig. 1. Location of sampling sites.
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Table 1. Plant samples.
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B, FBAHOVTHIE L. FEOTERIC>WVWTR, AKiliHE, 0.1 N HCl #iii&, HF &
HCIO, % 7213 HF & HNOs /3 (25018 12 & 22 8HE %O L 2o 7k & HCl i i3 3306
LA A 1:5 0B TRALLODERY Yo EL VBIELTF 2 — TICAN, 1 BRERE S
HiH U Bt L, EBAEABLIZbOERIEIH L, 20T 7o vBle—h—ic
+ 158 250 mg & HF & HCIO, ®BAK (F 7213 HF & HNO; DR&H) AN+ vy b7
L— b ET150°CTimsEl, BEX% 1mi® 12N HCl CARUBMAT 26 mlic A 27 v 7L
25D ABIEICH L 720 HF & HCIO, DBE&H7: &1 TESSIER 5 (1979) DAESHRBODIFHE
Wit too 1z, THEICDWTIHCN 72— % (MT-700, Yanaco) ic& b C/NH, £C-NEEE
%, ot EREKE 15 0FETRS L 1 KRS St U 1AK% A8 (No. 2
A%, ADVANTECH) L CTE7EkhoKEAEEBIERRIBE%. TOC x —% (TOC-V, B&
BUWERD IT& DD L1,

BLER U oA idatil it Gk T L, 80°C T 48 BRfH#- 1%, #9100 mg AFEELL, MHBES
fRLT Cut & TESHE% ICP-AES (IRIS ICAP, Jarlell Ash) THIE L 72,
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Ve— LIV Y RABFI0RE T %, KESZTAISRE (B/& 16/8h,20/14°C) i< 5 HFE
BB LT, BFE, AFORTFABE LI, £, MBERELT, Yvr— LIRAEEBEETEK
(GEY/KX), 713 100 mg Cu/l ® CuSO, kg (Cu 100 ppmX) 2 5ml W icbd L,
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Fig. 2. pH values of stream water samples.
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Fig. 3. Elements concentrations (Cu, Fe, Mn, Pb, Zn, S) in stream water samples.
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Fig. 4. Copper concentrations in soil samples.
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Fig. 5. Concentrations of other heavy metals (Cd, Pb, Zn) in soil samples (total contents).
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O AHETIHIZEALREBENEWIEDD, INSIKKIBERLMETIITWESA %, Fe
G TR () #iE T pH BSEWICT b b 5F, FLBOEOHIS (b) & FIREE O RBE SR
Hanih, ThITRTOIREED Fe ORADRREEZEZ 5N 5,

R+ O Cu OAHERER-4 1TRT, 2 13 KO Cu BEOEEEIRZ L E Kk
A 10.1, HCHHHAS 203, 243855 1,050 mg/kg T - 7zo IiMURA (1981) (3 HAD +HEh
O Cu BRBEES 34 mg/kg THBEWMELTEY, Chicdlceanfick-TiREonk
1,050 mg/kg DEBERIFFO,ITEL, X VIHCHRT ZHELRVASPICE >7, BATE Cu
Ot HEEC D 2 EEEE AR OkED KRV ED SN THE D, ZOfEE 0.1 N HC#iH
12k 126 mg/kg AR, LW 6D THB (A S, 1978), 72, KABATA-PENDIAS (1992) (3
LEEBN 60~125 mg/kg THEZ L~ ELTWS, T L& RTH X GHEBEO
TEEp oI NERESICEV, KEERE TEEGhothoESEITH (Cd, Pb, Zn) O#
B (K-5 25 koL TddTAHSBE, PbEZn 3EAOTEOHAREMER (2heh 29,
86 mg/kg) (IIMURA, 1981) LIFT&H » 72, £z, Cd i3BAMAER (0.44 mg/kg) (IMURA, 1981)
Pl EfEns# & 17255, KABATA-PENDIAS (1992) AiEHSBAE I NI VWIREREE (&5F8)
L4 2 3~8mg/kg DI E » TWio DT EMS CuliNDRICT L ZHEXNLERIT SV
LEA 3, F2 RO pH,C/N t, C-N &HE, KaEHERE (TOC) & 3 >
HEICL B Cu AR LT, Cu RTEEHY) & OB E  (BAKER and SENFT, 1995), F 7
T Cu 13 98% LI EMIETFAHYI & & L THEAEL TV % (HOoDGSON et al., 1966) & #]
LXNTVE I ERENLSHEEEMIE Cu oOBB EERICERIBEL TV EEZX SNTY

#F-2 TEEHOSIER

Table 2. Analytical results of soil samples.

Cu

5 Hu o P
S, FREUER oH (H,0) C/N H CaER NEEE TOC ———
(cm) (%) (%) (ppm) ki Ay
(mg/kg)
D1 0~1 4.02 134 14.3 1.06 12.5 7.64 436 849
D2 0~1 4.07 12.4 2.76 0.22 408 126 275 2,370
®3 0~1 3.93 14.7 7.14 0.49 6.71 2.77 117 748
OWmE 1  0~5 4.03 14.0 6.19 0.44 6.39 224 544 834
QW2 5~10 3.73 13.3 21.3 1.60 28.0 12,5 473 680
OWim3 10~25 361 7.36 0.78 0.11 0.51 12.7 79.2 615
QWi 4 25~40 3.72 6.73 0.58 0.09 0.55 9.16 75.6 225
QWi 5 40~55 4.28 7.85 0.48 0.06 0.40 4.11 10.7 102
@%E1 0~1 3.82 14.0 215 1.53 29.1 0.54 85.2 63.2
@%E2 0~1 3.81 14.2 18.2 1.29 20.2 091 31.0 94.8
@%B3 0~1 3.94 15.1 8.41 0.56 12.0 6.95 214 3,090
@fE4 0~1 4.00 10.6 2.03 0.19 189 181 148 347
@&E5 0~1 3.81 104 0.82 0.08 084 210 149 1,440

B g TO1~3]) FHEFIuhSO TR tRETE HEE TOWE 1~6] FDIERIUHSQ
KBTI AR, Bu2Eso 5 HR TR LATE He TORB 1~5] RITERIMA
QTHML - KBHEERT, QW] W ORNELIRKRED ) ¥ —LRO< v r OFERE
Lizdih o0& %, oFRHIOWTRERE, 5 OFES £7R7, TOC BKAHERERRER
D)
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Fig. 6. Copper concentrations in plant samples.
) HEYZORNIC kA DVTWV S b OHER Cu BEEHM 5~20 ug/g 2B LD (/5 7tk
DR 20 pg/g R T) T EX O T 6 ks HBEREMHAD, £ o 24 HEH3 HIER
Bl 5@ THREL

5 (LHS, 1987), L L, Ao DLW TANIE, C/N P TOC 75 EBE#YO
BEE Cu DEERCHEATEL CBHEEICBRIEA OIS, L LAERICEL > TCuNHEDIE
SOEPREVIEDNHSH LI -7, F/o, HEREIS T - 7o TIEMIE CEEBINC IR U 72386
(OWrE 1~5; K-4) 2\ T#Kd 2&, V00 EBbN 2 FBTERIL - 118K
LD BHPNY ¥ —REL - FBOREOHD CuBENE W B REAN, Ol L E
BB CunERBL T AaREEZRIEL TV 5,

X6 ICEREL L 7kl Cu iIBE 2 R LTz, Cu BEBE TREERD, S s - Tk
BAETCRTOH D, EERMOREY AT 1IN 5~20 ug/g (BOowEN, 1979) 1FET %, O
EEKT 2L, 230 EYEEDS b oHBAEHEEL TWADiF 7R TR 23 HKH3E
BHA 2 DT E » Toie, EERHI A FEEDIRE M~ X I DfbEk %, EoRkTh
5, AFEHEDORICIE 1,000 ug/g AHZ 2 ZBED Cu 5EBES TV AN, 2 FOEIIIBER
HHOBRED Cu LOBREINTOVED -, —fRICHEYIEEOBESED Cu 2RICERF L
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Th, HEHIICEBITLEVWI EMNELLMESN TV S (BoRGEGARD and RypIN, 1989; Ros-
SELLI et al., 2003; CHAIGNON et al., 2002; ARDUINI et al., 1996), 7<%, Iwasakl 5 (1990) F#Eic
SEEICER I N/ Cu ld 60% VI ESHOMIREEICES L Tnic i L TWnwb, F72, ArD-
UINT 5 (1996) 3Rl O L EBiMia O MiaRE B 7 Cu DS A F Th o EHEL TV B,
A, ROFEEHIR FEEDBOFE—> Lk - 2o Tio YR OB b [ERk IS EBE D
CuZI L TV APHAOMICTEL L - 72085, 1EEAEOHEYEBOIED Cu BEMEDL - 12
Tl RVEHES AT T AEIoL B0, REICEEICEET 5 Cu BEI IET
LTWEWI EERELTWS,
i@ﬂé&ﬁ%ﬁ D HEEE I L 7o X ) SEHERE S T, AR (b R R EARKED) OB
BRI, B0 - (BSH 1em) OB FTAKEARIMUOTIEE DS, BES 1
cm E@v vy MROBEIEK L TV, TD<y MROBLY FiciE, EEASEIBEILT
Motoe iz, XVEHEEYIEIEFE CEI, HIERHREDIER ICR#ETh ~7/co 2O EDD,
) SEHEREYS T ORAEDIEE 215 TV 5 DO BEAEDZEAZLT 5 & 572 X Y LD S
BEYIENEE b—REEZ SN 5, 01N HCIIHZER 7o b viiNic & -» TEBESE &
KRBESN TV AESBASHR L, B/ 2+ v EDA & v IHERRIGIC & D KBERITEE
IH2HDT, YN X ARINPES & ORBEDOEVTIAIRS AT 260 Th 5 (HIEE
T« MIEEERRS, 1986), X VEEHD Cu REMBIN LB 5 & sh 5, BAiEERs & L
TELEE (®4,E-2) LTWds, EBIZZFD LSBT E > TEER O E S iR
DRSS TR L - HEER L L Yy AT AHVARFER TR, LY R IELBOEY
1T 2 EmitEOREBRICE < 2 SHW STV S (BERRY, 1977; BERRY, 1978; SAVAGE et al., 1981;
GEIGER et al., 1993), GEIGER 5 (1993) OIFF TIRIE LT IEDOBRLMMIEIT VL ¥ ZDEBF K
FBINTWVWB I EWREN, TETOESBEOMEYICHT s83H AL HERE LTBELT
W3EEZLND, £, HOMEOMEIRELBEOEMOEREL LT, E{HVWLRTWS
(BAKER et al., 1994), X ) SrHERES THELL 7o TR 2 W 7 B OFER, B rgeElL
L, BREEALTEELEAEHMELEL > QmmBEE) (-7, JOBEFIIEEED Cu kA
# (Cul00 ppm X) THRIFEBREIT-HEXOBFORBEEEML TV (-7, % 7-2EK
XPIEFRIIEX S L TO 0L HROEEOERIMIELREIC X 2IROEE~DR %{D%ﬁ
2£{| (PuNz and SIEGHARDT, 1993) & —H L TW 3, IROMBEMSIIELSBIC X 2HIIE53~
Tk (WAINWRIGHT and WOOLHOUSE, 1977), #81kid 3 4 7 (Lo (@ (BReCKLE, 1991) H3E l
LENTWV S, XY RSO TSR & oY OAEBT ICNE & S A{LFRIHE IR, THEE
Ik B pH (3.61~4.28) (F-2) THBIE b ITFo5N5, L L pHI8 ITHHEL 72 HoSO, %
FWio vy — L CHEBORFERLZIT- LR, BoBENMH GEEIALLL ROk
CGREER). F/, FiB0@EY FEFEIPO Cu LIAAOESE Cd, Pb, Zn FELELR L XL TR
ot TNOEDT s, HERABERWLL Y ZORFER TR SN EFME, HERE
:7}@"*@&: LT 0.536~22.4 mg/kg, BralEttE LT 10.7~544 mg/kg AL 72 Cu (FR-2) &
FELEZ OND, TbE, XVEEPO Cu OFAERERL ¥ ADRFICE > THHICE
%a LARIWTH -l YO CuB EEEBICHT 3RIBEEICL > TH A TH D (BAKER,
1987), L ¥ ZADORFEBROGEREZMEYISEIC LT 2 LETELRVD, EYD S OMH%
T NE, X VPO Cu BEERICHEYICE > THEFRLNVICH 5 EFZ 5,
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Fig. 7. Results of germination tests using lettuce (Lactuca sativa) seeds (5 days after sown).
) TZE¥K] & [Cul00ppm] BFENTNERLIAZTELAHE v v — LICHE, L7 AETE
T, fhid e v — vicHIERE 2D, ToLiciFEL . GRS RBELEKREL
Z1:2 TRALADE ToftotEEHoREdE-1 oKL S,
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ZD &k DX ) GRS T Cu MEEDOBAZTFTWE EEL SN E—F, FELENS
bHEYIBEB L TV, &2, TNOMEYREICSEEICHFET S CulcxL T
AOIPDEX 1 = XL EFESHTWA LD TRV EHEEIN S, BESBISEEICERE
TAHTETHEYPBEBTEZAREICL TWA X A= X4 & LT, TEEE] EBED MMtk © 2 >0HE]
Hei 1Y 5 M B (PuNz and SIEGHARDT, 1993; LEYVAL et al., 1997), Hi& 3ELE ORI
HLTH EMOESBREAET L NVICHRFET 260, 20, ROMlaEE coiEs (Punz
and SIEGHARDT, 1993) fHIAN T DSEEFLRL (LEYVAL et al., 1997) I & D iRICERE L CIREtE4
3, b LR ATP 7 — BiEHPOBA 4 v REFEAE T S & TR 5 ORINZMHIT 5 (Punz
and SIEGHARDT, 1993) & W5 b @, #%E I3, HEHICHEEOELBEAF LUEML b, BN
FR&t L7z » (ZENK, 1996; CoBBETT and GOLDSBROUGH, 2002), Ml T ¥ v/ ~2ES R U V&
ERED)HF Y FESGKLTHF L — b &80 (LEYVALetal, 1997) ¢4 &tk DAEET B &
WA BDTH B, THSHIRFICCAICBELTOMETH 543, XV HEHERIS TIRELL 72484 b
BRIZ, Cull L TRISMDMED 2 H =X L EHLZTWEEEZ LN,

5 ko

) RS O HIE I EEE D Cu THERSNTB D, KEBOBEYIC X 3 TP ET & B8
DL, BELSINIBOBEHTHEEL . KFRD CuiBZcBAL Tid, TR TEBRHER (0.1
ppb) IR T, BEFZISIRIICZEZWINE S, FLEON 5 1E Cu 25\ 1IKRICEH LT Tu
BT EDBHLHEL 5, XSRS ICEE T 2P REIIC Cu MWEEE A SN L 2TV
FRETHEET bbb 56T, 1FEAEOEYEOIERLINO Cu iBE FIEB o Ry At
OEHEEERETH ~ 1o —H, W OO TRECSEED CusEE LTV b
DBRON, XV PHEIECAT T 2EYIE Cu il L TRE B[S L DA # = X skt
ShETVS RSN,

i 3

R XEFRT BIcdH b0, HERKFERERRFEGHERAER M EREORUEME € v
y —BIERFRF O ERATR, KEONE K, FEREKKREZRIUD LT HMEOHRICE
FEIKL, 2RUEITRE, JWHhHzVicivie, RRERFRFREEA MRFETIRR Y
FIHRE O TEAFHENIC IAFER TOMEZIED 2 I L, HRAREHEZR > TO /O
too ULDF Z IR BHBL ET 5,

B =]

HRKFERERBFA GREER AR BRI O REEM A £ v 7 —BIEHEATE AR
HBER ) GEHEREG IC BT, EIK, T, VIR R EREL JTHEOHT L, Cu oFFRICoOWT
P, FOREE, TS RBEEEEER 1,050 mg/kg OFHBED Cu skiish, X)) §LHERE
B Cull L - TRDTHEW L XA THERINTWS Z EDBHESHICE -2, —F, #)lkto
Cu FYLEO TR L kR b SEEOHE T 0.1l mg/l TH b, THRTREEFRHINEL -2
TEDDS, KBROELE CulBHRE BV EMBPSMITE » T, F/, XV EHERBE cRESED
EEPEOL LBV, FEORML BT LTV AEYOEND CuBREIRI3 & A E DRGSR
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Summary

Copper mine waste deposited in Arboricultural Research Institute may cause some
environmental pollution, but this has not yet been clarified. Stream water, soil, and plant
samples were collected on and around mine waste deposits to investigate their copper
content. Soil samples contained quite high concentrations of copper, as much as 1,050 mg/
kg, showing that soils have certainly been contaminated by copper. Copper was rarely
detected in stream water, the highest level detected being about 0.1 mg/I. It suggested that
copper pollution in stream water is not serious at present. Vegetation on the deposit site
was very sparse, but copper concentrations of most plant leaf samples were within normal
levels.

Key words: Copper pollution, Copper mine wastes, Arboricultural Research Institute



Copper Distribution around the Mine Waste Deposit
in Arboricultural Research Institute

Shoko INaBA, Hiroshi KuBoTa, Yoko SaiTo and Chisato TAKENAKA

Copper mine waste deposited in Arboricultural Research Institute may cause some
environmental pollution, but this has not yet been clarified. Stream water, soil, and plant
samples were collected on and around mine waste deposits to investigate their copper
content. Soil samples contained quite high concentrations of copper, as much as 1,050 mg/
kg, showing that soils have been contaminated by copper. Copper was rarely detected in
stream water, which suggested that copper pollution in stream water is not serious at
present. Vegetation on the deposit site was very sparse, but copper concentrations of most
plant leaf samples were within normal levels.

Effect of Pseudomonas fluorescens on in vitro Pinus
densiflora and Laccaria laccata Co-culture System
—Approaches for establishment of a model
system for MHB research—

Megumi TANAKA and Yuji IDE

In order to establish an investigative method of studying the bacteria promoting
ectomycorrhizal formation, an in vitro model experiment was conducted. Mycelial growtﬁ
of Laccaria laccata showed a significant decrease when a Pseudomonas fluorescence suspen-
sion or the addition of P. fluorescence liquid culture was applied to the surface of the culture
medium during cultivation. On the other hand, the mycelial growth was promoted when
filtered P. fluorescence culture solution was added, which signifies the effect of certain
substances in the filtrate produced by P. fluorescence. Addition of P. fluorescence seems to
inhibit the growth of mycelium and causes suppression in the lateral root formation of
Pinus densiflora.



