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EVRNEERWCTRRET =4V v 728270556, @E OERBE ST TR L SN LREHERRES X
O HTEDRREE R KT OREEDIZD, LT E O AIRN AN & IRMEIRED RFES U | IRMERR I O 72 84
A RS 2 BRI A AR TH D 7, HAFHIZOWTEH 290 h VB E e HE 22O TORFI A
HHNTWND,
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FOMEITCHEDOFERESIITHEH L, FRBHRRE, SR EBS L UOREORF 2R 2o & &b, JuHEMK
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ST AR (2-3mg) 2T AR SA T L (FESmI) ITHB UL, 0.4 ml @ 2%Triton X-100 7K
WREMZIRDIEE, S56121.6ml @ 0.5%PVA KEKEZMZ, IRVIBE TTTABI T, TAEL—F¥—
\ZHEE L 725 A18ER1C Nuclepore® RV 71— x— k7 /L% — (Whatman, E#E25mm, fL£& 10 um)
oy MU, TABIKRZINZ, %ol Al LT, MAREZ MBS 27 4 v 2 =132 DO FEFZ L, PIXE B
SHZ—7y hAALE—IZEE LT (K1)
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22368 | Anaptychia isidiza Kurok. BN (BCHARRE)
14, Sept. 1993 | MFEAFUHF U N

22484 . Anzia japonica (Tuck.) Mull. Arg. IS Rk mR e
14, Sept. 1993 | YRFL T LF Ay L FFH=R [590-620]
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17, Sept. 1993 | MFF U HS YIS L AXY =T (AK) [970]

122903 . | Ramalina conduplicans Vain. 1 AR AR TR BRI - T AR )
1-3, July 1983 | hoxFI4r 1 7 [800]
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19, July 1993 L 7 Aubs X ) | 8 [980-1040]
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D bEBESTNATETH D, —F, METRALE—3Me VIEEDE T — A0 BEE T COMRRITE
+um (2T ER, DD, SEIE, OO S HASE W TEHEL L, S A X v = & Nuclepore® 7R
H—RF— 7 g V=% b BT, RE 10-60 um Oy 2 b FARAGUEFE Lz, 7o, 20 X 5 ICH#%
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AHAGR AN, B S 7=, o, APRBRICT ANV Z—IZZOEETREEDH L. 58T HHAEE D 2

HELST W, S0, ALFRIOBE O —FTH 5 PVA D 0.5% KR 2 R IN 2 724%

AmlLiz, Z

DL D 7p—#HOEETHHEL L 72 2 FEE O AR 3 8D PIXE ST EEAOREFE 2 X 1 IR L=y, B—E
B O AHAGERENN 7 4 V2 — 124355 L CW DT 5, 2, 3. 2 ORI EEREOHIANEDOR

SWTHENTVD, BB, BBOR I OEWIIA S S 7o A

3.2 PIXERWZEDRITRES X UHRE
5 Fl O HIAGREHI R 54 3 [ D PIXE AT OFE R % ), R AR X OMRHEER A2 % 2 1017,

2 RIS X B YIRS D B L PE A 0 /b BB KO E TR o

REDOEWNZ LA EDTH B,

EERE A PEE - ERERE (ng/g n=3) FRHEHE(R =) SCHRAE

22368 22484 22579 22903 23680
gt MreArY YRTLTF  NFFUHT NFHF A Voke=1va TAEA-336'2 Bowen!?
F  rvar 2 Va=va E )
Na 294+24 8  288+150 52  375+125 33  240+53 64  332+46 14 - 1000-40000
Mg  466+48 10 484+95 20 804+205 26  134+59 44  230+57 25 - 170-1000
Al 3470+530 15 3490134 4 3670+240 7 1570+80 5 2830260 9 680% 20-6000
Si 1300022000 15 10700630 6 1090600 5 4870+290 6 97701070 11 - -
P 349+76 22 322423 7  409+31 8  337+42 12 273+34 13 610% 74
S 764+46 6 63170 11  641+126 20 874+27 3 631105 17 - 700-1500
Cl 133+44 33 369+2 1 457493 20 (10, 17, 56) 154+39 25 1900% -
K 1330+220 16 106060 6 1230+60 5  468+17 4  845+49 6 1840%% 600-8500
Ca 2900280 10 11600950 8 5220550 10 1731+102 6  664+18 3 - 260-18000
Ti 242+26 11 249+59 24  248+22 9 11243 3 212428 13 - -
\Y (ND, 16, 7.6) (14, 41, ND) (ND, ND, ND) (ND, ND, ND) (ND, ND, ND) 1.47% 0.3-4.8
Cr  (9.3,3.7,2.5) (7.3, 9.7, 4.5) (7.4,9.3,7.2) (ND, 3.7,0.8) (5.0, ND, 10.3) 1.06% 0.6-7.3
Mn  215+34 16 76.9+6.4 8 345+167 5 31.6+3.5 11 25.1+5.0 20 63%% 3-190
Fe 2370+390 17 2240+134 6 2500146 6  965+37 4 1960+60 3 4300k 40-5200
Ni (3.5, 4.5, ND) (ND, ND, 4.1) (3.0, ND, 2.6) 2.8, 4.9, 2.5) (2.4, 4.4, 1.2) - 1.5-3.8
Cu 9.6+2.8 29 13.0+1.6 12 13.2+50 38 8.0+15 19 7.2+0.3 5 3.6%% 9-24
Zn  43.7+4.6 11 46.5+3.5 7.5 947+6.2 7 41.6+6.7 16 26.0+3.5 14 30. 4k 20-60
Ga (1.1, ND, 1.3) 0.9, 1.4, 1.8) (1, 1.4, 0) (ND, 0.4, 0.9) (1.5, 1.1, 0.9) - 2.2
Se (ND, 1.1, 1.0) (ND, ND, 0.9) (1.7, 1.1, 1.4) (ND, 0.5, ND) (ND, 0.7, ND) 0.22%% -
As  (ND, 3.0, ND) (ND, ND, 3.3)  (ND, ND, ND) (ND, 0.4, 0.9) (2.3, ND, 0.7) 0.63%% -
Br  20.7+3.7 18 21.9+t4.2 19 42.1+07 2 58+20 35 11.1+t25 22 12.9%% -
Rb  14.6*1.6 11  7.4%23 31 7.3+2.0 27 3.4*+03 8  2.9%+0.5 18 1.76% 2.4-25
S 21.0+25 12 37.4+49 13 384+25 6 65+1.3 20 89+08 8 9.3k 0.8-250
Zr 10.2+2.1 21 9.0+1.9 21 124+26 21 4.8+1.1 22 7.3+1.7 24 - 10
Hg 69.0+£9.0 13 26.1%£2.4 9 12149 7 45+14 30 86.7+1.0 1 0.20%% 0.34
Pb  42.7+5.8 14 51.4+6 12 52.4+3.6 7 31.5+6.1 19 42.2+84 20 4.9% 1-78

ND: E® FRULT, - 5 —&72L . ** : Recommended Value, * : Information Value

01~ % DL~V TERINDDETXREDOTAFE, BV UL AN T L gnb, ~10mglg DL ~LT
BHINDOMEILHEOH, WV ET UL DN a =y AR 26 TEOEENARE TH o7, HHE, NT T A
sab, =y, HVUL LYy, BERTIE EEFRUFERS720, 3 [EIOHEER D 70% LA
EEFBMEMENGERH Y | FEIEE TIKDOEEMERE L LI, NDIZER FRUFE2ERT, T
U, ATV TLA BELUBIOEROLEEIEL, BHENK pg/g & PIXE SHHEDE & FRISIEW 2, ND
Tholb, BEENME-T-EZ26N5, —FH, Z7ahid, ~10ugg DLV TEHEREINTEY, &
THRZ EE- TODBNHEHIMENME, 2L, 7 1 A58 PIXE 2541 O BEFREHZ AL — 125/ LTV 5D Z
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LORIBEEN D, HIAICEVIAENTZZ v ALSMNT, REIZTZ v A &5 a8 A HKRORL TR HH L9,

TEDAANARE 27252 bD B BND, —MEIIELIZIEZ v JFAERREHI S < &/ &
NTNWD Y HHFEOEAIT. 7 U 7LaLE BIKICHEEORE TOtr At AREHC G A S b & TS
b T 8 U AOEE BHHXHERERZED 14 - 64% CTHELMEDIRWFER A G LN TN D, ZivbItkIE PIXE
IIHTH OMBEFEHRIOBE, ZO—MNERT5Z L THAL, TORICIESSERH-7-vEEZLN
B, 322 OSUEKME & ik L CTH A RIOEEMDB BTN S NI EMb RIS, v RX VUL, BT
AVREZBBIOVE YT AL AEEOEZ ST & RIS DD, HAMEERZILENZT 4 - 16%. 10 - 44%,

18 -35%F L (N 8-33% L LI HMER S R TE -, TOMOVEROMEITLED 14 THEOERIZBT
HIERHMEAERR 721X 3 - 20% & BAFC, BERNE -T2, KEBITAH LR L L TERE COFHNER SN TN D
— 5. HEREDNE N DREEDOE WA LWITED DO Th D, SEIO PIXE 58 Tli. &HEDE
22903 71 7 X2 F I A BRE | 1-13% OFEXMEER 22 CTE & T X . AyE A L pE AR R o Ea R 0Ly
Fre LTHEOITHSD Z EWmREnTz,

3.3 BAMlUtEMKOTREKOIFHREREE=2) 7 EMELTOERY

bH#E, KBBIIIRREE=4V v/ THEASNDIAE LR TH D, K2I1TL, SRIOEEEE & BT,
[EIBS - SRS BEASEC A L C U DAL i A HEW)'E TIAEA-336 Trace and Minor Elements in Lichen] H1 o>/ &
BLOWETHE P& H J M Bowen IZk->TEéobnAHORFN R TEEAE VaERrLIE,
IAEA-336 1Z. R/ N HVDIBEGEN GBI 2 BT CERILE NIz Evernia prunastri (L.) Ach. (/<
B 2) T, HEEWIFERD Cistus ladanifer &AW Quercus ¥8 (- F%H) TH D, SRIOSIHE
L IAEA-336 & LbE 5 & HAFPEMACHIZ X, KERIZ 20-600 15, #h1d 6-11 155 A STV 5, Bowen O
EIERRHWAHE CTH 525, T LR L Th, HMEMASICIIKENFIRE T, b aAENARE N
CHIT SN D, 72,5 FEOHAIED G A RIL, S0V T 30 - 50 pglg FREE &40 7LD ZET/ N SV,
KEUZDONWTIES- 121 pg/g L RES B> TW5D, AMLHE ZOFBIZIZ IO ESEORBAERITAR <,
HWERLZEE MRS LT, AfLIthoOME OIS I NS DESBN L VDT TH AR, AKBITONT
T, BT HAHE A AT A 2 ) T O R ASFHIROFE =% Y > /Tt 0.013 - 0.46 pg/g™. FELLSEILJED C
DE=H Y 7T, 0.07-024 ng/g " NIESNTWD, 7277 LRTE T AR b o &M D KR % R+
Jeik, B ITHIAGUR 2 & D UDEIE 2 L, R FRGE ToOE B 272> TR D | A% & BB RGE,
INTER R > T D, RFRITHIFNIRD A THY | AL RONTWD, S, HAFHORE, BRI
i, BRI OFIPH A AT, TR EABRORBERHLNIT L E LI, OGBS EEZRAD
L. SOOI EEEDOEWNT — 2 2R L2V,

#E AWIIEICHTZ Y BEAREMERAIAOEARZ IR L TW272< L & B ITHARIC OV T O H & 2
BT S o7 BIESSEITEHNAN T2 LR, PIXE 8T O I/ T NI NI a FERRFEY A 71 ba
v BB ER RO WNCEART A Y h—=THEROAL v ZITEH L ET,
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Multi-element analysis of PIXE for lichen samples from
Shirakami-Sanchi, Akita
-Utilities of lichens as bioindicators of environmental monitoring-

Yoshihiro lwata

Department of Chemistry, Faculty of Education and Human Studies, Akita University
1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

Abstract

Utilities of lichens as bioindicators of environmental monitoring were examined by PIXE analysis. Several lichens
sampled from Shirakami-Sanchi, Akita. They were dried by air and milled by an agate mortar. Powdered lichens were
sifted and suspended into water containing Triton X-100 as a surface-active agent and polyinylalcohol as a binder agent.
The suspensions were filtered on Nuclepore Track-Etch Membrane (pore size : 10 ['m) and the membrane targets were
bombarded by 3 MeV Proton from NMCC cyclotron. 5 Kinds of lichen were analyzed by PIXE and concentration for
26 elements were determined by PIXE analysis. Determined elements were major, minor and trace elements in
biological materials and contained several essential elements such as Fe, Zn and Cu. And also this PIXE analysis
could measure some toxic elements, Hg and Pb. Relative standard deviation for each lichen sample from 3 analytical
targets were 1-13% for traces of Hg and Pb. It was shown that the uniformity of the target was excellent. The
sample preparation for lichens is simple and this PIXE analysis is able to measure so handily multi-elements, that it is
useful for the environmental evaluation by lichens.
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