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1. 3 ELEBEREMELTOAE/ RTY

~t /) 3% AV [Athyrium yokoscense (Franch. et Sav.) Christ]i% Cu, Zn, Cd & X' Pb OHEEREY TH
DT ENEITHRTHLNE SR TWD 1420, ZORWITA VT v R A X BIZET 2 BiktE s ZHi <
HY., TOMEIIH EEFITET LELZ#EET D, TOARRIT., BAVEZIIUD, #fEE. PEPE
EFALER, Y B IO RY T LIEE 21,22

AE R IWIIHEA BREERICAER L TWAR, FRCINLEZICAEL TS Z ERELS DAL TN,
ZDl=H, BRTIEHA “GIUE” 7203 “@IUER” SMFENTEY, @RIKARTEORIEL LTH
WHENTEZ 916, ZDAE )/ XITHE Cu, Zn, CA BL O Pb DBEFRMEM THHT-D, 774 L AT 4
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AHIFFE D FHAT HUIR X P8 FE B A (AL 8 9 5 BE 8 1 L7% HHERE S 2 & el IR ¢ v . Mkl L% 400 m @
HPEHTH D, ZOFERTHERSIZIUFEOR/EDRTH Y | HEEm#) 250 m OBFNFET D, AL OFKITE
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Wodr (PIXE) % F\u/=, ICP-OES Tix5 A, 6 HB XU 11 ACEER L-MWatkl 2, MEREz2 T
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) HERE R - )1 HEREY) O BRI AT IR, B R P E i ER B 2R O I R A st X for i
4&# (WD-XRF (Rigaku ; PrimusIl)) B X OEFERREY A 70 bu ko #—0 PIXE & VTt
#17->72, WD-XRF TiZ7 7> Z AL Z NIRRT 2—=4ik (FPiE) 2RV TEEESTZITo72, LL,
AW7E T L7z WD-XRF (X RhFERZH LT Y \Rh & Cd OFE XM E R+ 2 AENER D70,
AE CA TG TE 72y o T ONTHERE < KEEE ORETRIZIL, HEUER R CH 5 Stream Sediment (JGS ; JSd-2)
Z I R EEREL & R U4 T4 L 72, PIXE Tl Pd 2 NEEHE L L NIEHEEZ D COoi2 R 2~ 72,
IINTREFE 35 KOS O MEFRIZ I IAZUERUEL T & % NIST 2782 Industrial Sludge % HV>, FKEHEL & A USF
THT L7z, CAIZBI LTIk PIXE THOM2B I 252, Pd & Cd D=L F—RAX7 MLOE—7 3 EH
RoTLE IS, ARTEREZB IR ZENTERD T, FIHEEHONBIEOHEEIZE LT,
ZORBIZHIELTND EBZTWDHIRE & DFENPRKRENZ LD, Lt LX ETOREERET
ST EAT o T2 FTo. ABFZECITHESE O HFIIIT - TR, i)IHEREY O pH HIEIE 8 HICHIRLZ 6D
DIHTITo 72, pHBIEF KL, Hifg T FEHEIGS0211-200%) R EK O pH B T IEICHE - 72,

SR

3. 1 ANIMBEMIZE TS pH & K UHENIIHEEY D 7 DRRE

B OMRCRLFIXVERE ., Wb, BEN A bz, ABHRIR L7 5 T ClX 1~3 @@ S iz, )l
HeREW D pH 13458 C 5.44~6.83 TH Y, HUSZ LI FHT D & 5.57~6.53 ThHhoTz,

T/, 8 ABE L= I HEREWIC BT 2 HABIRIE X Fe 2% 4,070~12,700 mg/kg-DW, Cu 7% 58.0~658
mg/kg-DW. Zn 7% 211~765 mg/kg-DW, As 75 5.25~316 mg/kg-DW 35 LT Pb 7% 5.21~1,290 mg/kg-DW
Thot-, 11 AN LA a 7R TIXEnEWn oo E I, e, eI OEERAL
iz, BIRBNCKBOTERIRKIZR > 7223, FUITITR OBV b Bl Iz, A IERBIZRS T, &
JE@rbbBEINT, FBIZAT V| MACAR I ORAEDOEEZIZI LD, T b 05MRH L L2 L0 D
HElEEh T (K3),

aTICEEND ELSBIEE L Fe ) 32,800~102,000 mg/kg-DW, Cu 7’ 326~4,100 mg/kg-DW. Zn A% 1,170
~5,300 mg/kg-DW, As 7% 30.7~1,960 mg/kg-DW 3 L O Pb 75 <409 mg/kg-DW TH -7z,
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3. 2 ANE/RIHDELERE

BREHCE AT 5 HEHGRBREOHK R AR L7 Z L 1Trd,

5 HICERE L7z~ 22V oM E¥HIcE N TV ELREOEEIL Fe 7 66.8~102 mg/kg-DW, Cu 2°
21.1~66.8 mg/kg-DW . Zn 73 193~606 mg/kg-DW, As 7% 3.44~10.6 mg/kg-DW, Cd 7% 140~723 mg/kg-DW
B L Pb 78 <4.32 mg/kg-DW Th - 7=,

6 HIZBI Liz~tE /) 2TV EEOELSEREEIL Fe 28 76.1~219 mg/kg-DW, Cu 7 8.57~55.4
mg/kg-DW. Zn 7’ 439~1,430 mg/kg-DW. As 73<8.35 mg/kg-DW, Cd 7% 227~871 mg/kg-DW 5 XX Pb
73<12.5 mg/kg-DW TH -~ 7=,

8 AICHM Lz~ /) 3 IV EEOEABIEEIL Fe 28 224~1,160 mg/kg-DW, Cu 28 81.7~749
mg/kg-DW, Zn 7’ 1,210~1,890 mg/kg-DW, As 75 1.67~37.2 mg/kg-DW, Cd 75 410~1,240 mg/kg-DW
BELOPb 23 18.6~52.4 mg/kg-DW ThH - 7=, BRI O EAJEIRFE 1T Fe 5 590~1,300 mg/kg-DW, Cu 73 2,070
~4,800 mg/kg-DW. Zn 7% 2,790~7,750 mg/kg-DW. As 7% 2.11~31.1 mgkg-DW. Cd 7% 189~906
mg/kg-DW 3 LT Pb 78 64.7~190 mg/kg-DW ThH -7z, —J. thin /- E¥ickit 5 BB L Fe 23
1,240~5,480 mg/kg-DW, Cu 7% 360~5,070 mg/kg-DW, Zn 7% 2,130~4,640 mg/kg-DW, As 7’ 8.84~232
mg/kg-DW, Cd 7% 321~1,870 mg/kg-DW 35 L OV Pb 7% 34.1~185 mg/kg-DW TH -7z,

10 AICERI L7z~ B 2 S5 EEBIC 31T 5 He BRI Fe 28 104~1690 mg/kg-DW, Cu 2% 5.96~359
mg/kg-DW. Zn 7% 1,040~4,140 mg/kg-DW. As 2% 0.27~11.1 mg/kg-DW, Cd 2% 841~2,100 mg/kg-DW
BELV Pb 28 2.43~61.8 mg/kgDW Th-o7c, Elokbivizt EEICH T 2 EEBIREIL Fe 28 149~7,140
mg/kg-DW, Cu 7’ 13.7~1,090 mg/kg-DW. Zn 75 718~4,230 mg/kg-DW. As 73<71.6 mg/kg-DW, Cd 7}
554~2,180 mg/kg-DW 35 LT Pb 7% 7.39~348 mg/kg-DW Th ~ 7=,

11 HIZBI L7~ 2 I EEIC BT 2 B RREE I Fe 7 176~674 mg/kg-DW, Cu 28 27.2~1,420
mg/kg-DW. Zn 7 672~2,480 mg/kg-DW. As 73<10.1 mg/kg-DW. Cd 7’ 256~1,090 mg/kg-DW £ L O
Pb 73<40.6 mg/kgDW ThH o7, Elofbivizt BT 2 EARIEEIL Fe 23 68.3~2,740 mg/kg-DW,
Cu 7% 58.9~13,500 mg/kg-DW. Zn 7’ 645~5,680 mg/kg-DW. As 73<16.6 mg/kg-DW, Cd 7% 300~1,460
mg/kg-DW 31" Pb 2% 2.97~160 mg/kg-DW ThHh -7z, RIS 5 ELBREEIL Fe 2% 140~10,700
mg/kg-DW. Cu 2 34.3~22,200mg/kg-DW. Zn 7’ 725~8,910 mg/kg-DW. As 723<117 mg/kg-DW, Cd »®
24.7~1,220 mg/kg-DW 3 LU Pb 23 <713 mg/kg-DW TH > 7=, ~E R I VPREIZIIT HIE S Hhl~DHE
GBI FEBALITMEIANT A DR D> T2,

3. 3 AJIIEIEMD pH EANE/ 2T OKERICET2ELEEBOBRZR

I HEFREY O pH OZALHEIFHIZIB L% 1 Th o

TeMEM DA BT, 8 HITERIR L 7= i) 1 HEFE (g /kg-DW) (mg/kg—DW)

® pH ZREIETIHOREZ T E ) R T F ORI #000 . B

BT OB EBBORE L ORKREX 4 1ITRT, . e ] T

pH I 5.57 725 6.53 DfEAE /R LT-, Z O#HIPHIZE }; . 6000 ,," él 150 >
BRI Fe 5L O Cu iZBALTiE pH 28 % 5 5000 Plo cu
6.33 TH/hE 720 . ZOffIE 684 mg/kg-DW %3 {i 5%4000 | _ w As@

As
Cd
Pb

L0 1,830 mglkg DW Th o7z, £72, PbidpH 1y Koy
M 6.52 THb L 720 ZOWLIEIL72.3 mghkgDW & 5 -
Thoi- AsicEILCiEpHO ERICHEVIL L, 2 Y

7\

414@\
R

o4 0o

B 5
pH 735: K0 6.53 Th % & & 13.9 mgkgDW T [
bofe, W In X pH O EFIZHFY RiZRer Y ”5.5 57 59 6.1 53 65 6.7
DA DI B AL, JREE DR KAEIX pH 728 6.52 D & ph

%12 7,430 mg/kg DW Th -7, 4
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3. 4 NE/RXOIYHMERICKIT2EEREERORAZLEL

RF OFREIZFE D~ R TP B O ES )RR
EDFA b IT= L ZABM LT, B LTnsZ
ERBALNE o2, T2 TIEHHADOTNTOHA
O EFRO A% W LI fliz iz, AEESER
JEIX Fe 28 79.1~510, Cu 7’ 16.0~270, Zn %% 400
~1,740, As 7% 0.73~12.4, Cd 7" 440~1,140 B &
X Pb 78 0.82~38.7mg/kg-DW TH-7= (X 5), &
KEZE & DRI ERIC I TR, Zn BLOY
Cd L 10 HiZiRKRERY | ZDOfMoOIrHEIT 8 HITHk
RKThole, TDH%, MENLAFTEIINITTAE Y
F AP ERICR T AR EEBRL I LTS,
3. 5 ANE/ROYOKMERICETE2EERTED
EYRTERE

8 HIZBRM L=KHED~E ) 2TV OKEAED
EEBIRE R XL OW)IHEREY O BESBIRIE ) O AW

BHEfRE (BCF) k55, BCFITROANLRD BN D,
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F ) IHEREWIC B D BEEBIEREOBLICHE )~ F AR 2 BEEBIEEOE(MIITTHEIC L
STHAN RS (X6), ZDXN 5, Feld BCF 3 1 ML EDOFEICIFAE LRWZ ERNbnb, FHICK L
T Cu 1% BCF 242 1 DL EOFEIRIZAFAE L T\ e, F72 Zn 1T 2ERIZIE S DN TV D83, MRS+ o
REIZHAI L TAE ) R A TRBORE L RE S R2MRICH D, AsIZBLTBCF 231 LW KR&EL< DD
DT, ZDIFEAEDN 1 REOFEIALE LT\ 5, PbIZB L THEZ BCF 28 1 LA EDOEIICIFEIE L
TWD, S SIINIHEFEY o B A B R FE N BN~ 512 L7228 » TIRERD BCF 132042 2 & v
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BT (TF) = (ot s 2 BE8RIERE) /| (EYORICEIT 5 B4 RRE)
Fe, Cu BE W As IZOWTIEANE ) X I OBMN S EEI~DBITHRE (TF) 13~ 2 I FREC T
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3. 7 ANE/ RIYDEEMLIZE 1T HEEERF

8ABLV 11 AT LI~ ) X IV OFINICI T 2 EEBIRE ORIV O HHBER AN D (X
9-11), A ElEEHL n=12 & D72\ 72 Spearman DNENAHEIREL vs 2 V2, 2D L & 160.05=0.587(n=12)
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Abstract

Phytoremediation is a technique for the cleanup of contaminated soil and water, and it takes
advantage of plant physiology and metabolism. The fern, Athyrium yokoscense, is well known as a
hypreraccumulator of Cu, Zn, Cd, and Pb. This fern can grow vigorously in heavy metals contaminated
soil. Therefore, it has possible application to phytoremediation. However, it is not clarified that detail of
mechanisms of heavy metal accumulation in the A. yokoscense.

In this study, the plants were collected 5 times (May, June, August, October, and November) along a
stream flowing mine waste dump at an abandoned mining site, and stream sediments were taken 2
times (August and November) nearby the plants to clarify the relationship between accumulation of
heavy metals in the A. yokoscense and stream sediment, and change in concentration of the plant every
month. The plant samples were separated into shoots, dead shoots, and roots. In addition, the roots were
collected in November separated into every layer of the stream sediments. The stream sediments were
also divided into every layer and only sample that was less than sand size were crashed. Then, these
samples were analyzed to clarify heavy metals concentrations.

As a results, the A. yokoscense accumulated high concentrations of Fe, Cu, Zn, and Cd (10700,
42400, 8910, and 2180 mg/kg-DW). The stream sediments include high concentrations of Fe, Cu, Zn, As,
and Pb (102000, 4100, 5300, 1960, and 1290 mg/kg-DW) The results did not show simple trend between
depth and the heavy metal concentrations of roots. However, there is relationship between the heavy
metal accumulations in roots of the A. yokoscense and grain size of the stream sediments.
Bioconcentration factor of roots of the A. yokoscense increase when the grain size become small . The
results indicated that the A. yokoscense can accumulate heavy metals more efficiently in silt than sand.
Furthermore, it is clarified that concentrations of heavy metals in shoots of the A. yokoscense show the
maximum in early autumn.
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