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Table 1. Plants, their growing conditions and given solutions.

Plants Grovyl_ng Given solutions
conditions
Arnoglossa
(Plantago asiatica) Normal (on Soil) 1) KBr water solution (Br 1000 ppm)

Leaf and seed

1) KBr water solution (Br 1000 ppm)
2) GeO, water solution (300 ppm)

Gennnoshouko

(Geranium thunbergii) Normal (on Soil)

Kitsunenomago Cut in the water

(Justicia procumbens L.) [ solution As 205 in NaCl water solution (50 ppm)

Cut in the water Ga (NO3z); in 1 mol/L HNO;3; solution (300

Pokeweed (Phytolacca, L.) | o\ oo ppm)

22 et - BIESEH

SRR N 70 b k0 glEHENT 2.9 MeV OB E— A0, 2#0 =3 Q magnet,
steering magnet 72 & T I, EZEHELEICEA SN D, E— AL S 512 bending magnet (280
45 £ T I R &4, 5 mme @ graphite collimator (2 X ¥ A2 41 7.5 pm Kapton (Polyimid) foil
il L CREAFICEH S5, Kapton foil & 25512 & % energy loss D728, REHERIEIZKIT 5 B — A
TRNLX =T 255MeV &7 9, KK PIXE IZBITAE—AERITEK 3.5 nA ThHN, RKIFFEIC
BWTIE, E— Al X2 MROBEZMZ 570, FIZ 1.5 nA U FICRZNZ, E—LABHO%E
EEIL, EBRNOHEAET D ArKa X BOWNEICE VER I N, B - KRR PIXEMET AT L% ET
B — A 32— A O layout % Fig. 1 27,

Fe4 L7 X #i%, Si(Li) (PGT LS10138HT; resolution = 137 eV at 5.98 keV) i & v i
EIND, AFRIZENTIE, XHOWINR EREEELEDZWERLTORITEORE I THLT. &
(2 200 pm Mylar film 7% X R IUAEE L THWSL Tz, BB ORHEERE TOEMIX 1 em ICEE S
Nlefed, B F—X HOZEKUT K DWINOFMEIIFE —TH 0 | AT RO 2RI 204
FNTZ 9, KEERPCENOW S Nizv~ TR VI LCiE, UIEE2»D 16.56 cm EHORE, EX L0
BN E lem OFRA > FRBE SN, 7o/ vavaicktLTE, EXOMNTRNDS lem OERS
NEIRE SN, THIEE2 S 9.5cm O EEE (KBr 5 0H4) & 7.3 cm O (Ge W& 5D
B) WHHETDRA P ThoTe, AANTDEE, HEHNS 5.5 cm BN X O ITRN S 2.5cm
DEEORA "B I, AANNTFEXZL LI -FEoEXLALTEY, toFEHNS 10.3
cm BEN7ZFEOF 3 ICx L CHBE N ToNTZ, £z, BT ORBEZEHILSES720, 74 FBA
TEi,
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Fig. 1 Layout of the beam transport system.

Bz bR IX, KBr K (Br=1000 ppm) ., GeOsz KiE# (Ge =300 ppm). 1 mol/L. ® HNOs3
D GalNOs)s iR (Ga =300 ppm). BHE/KF D AS:0s K (As: 50 ppm) TH 0 . flEW & D *FI T
Table 127509, #E5 LB EEITVINS 200mL THDH, 2N X0 HIEWVEBEORKRIZE W THHE
M OBEGTENBTRETH D Z L ITHERINTWEIN, BETHE—7 OFHBEEZEmD L0,
FLVEVTEREHEBI OO, AFRICB W TIIED OREZ W,
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Fig. 2 Typical in-air spectrum of a living plant (GennoShouko) obtained with a 300 um Mylar absorber,

where the spectra corresponding to 20 and 75 minutes elapsed time after starting irradiation are shown in
blue and red lines, respectively. Bromine solution was supplied at the same time of starting irradiation.
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Fig. 3 \Variation of elemental concentration of five elements in the leaf of pokeweed with elapsed time

after starting irradiation. Gallium solution was supplied at the same time of starting irradiation.

Fig. 4 ICIX Bri®E N G- SNt 7y /v avaEho 55 2 L O nRBEEEE RS, 5L,
1000 ppm @ Br iR % . Ay MIBME L CHAMKB LS v/ v a v ao HBICEA T 5 Tithbi
oo MIAEBRL 5720, BRI 1 ABKOELEZITo T, ZOHAEL, &5 EFRRFICH T E—
DX DRENBEBEENTWS, 40 40 £ Tk Br OBEER FHIZBIRI SN2V, F0% 20 /b
70BN, L LiEFER ERAZRE TS, 60 itk a2l ES2NBHE Si, 20 ppm BEND
300 ppm [ FE TEOREZ M7=, B2 BH 2/, 140 &% 121X 850 ppm (23 L T
W5,
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Fig. 4 Variation of elemental concentration of seven elements in the leaf of gennoshouko, where
bromine solution (1000 ppm) was supplied to the soil at the same time of starting irradiation
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Fig. 5 Variation of six elements in gennoshouko, where germanium solution (300 ppm) was supplied to the soil.
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Fig. 6 Same as Fig. 4 but for seven elements in the leaf of arnoglossa.
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Fig. 7 Same as Fig. 4 but for five elements in the seeds of arnoglossa.
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Fig. 8 Variation of elemental concentration of six elements in kitsunenomago, where arsenic solution (50 ppm)
was absorbed through cut section of the stem.
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Movement of heavy elements in plants by means of a standard-free
method for living plants in in-air PIXE
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Abstract

The method, which was developed by our group, enables us to perform quantitative analysis
of living plants. It has been applied to investigate the transport of heavy elements such as
germanium, gallium, bromine and arsenic in plants. These heavy elements are transported to the
leaf through vascular vessel, and changes of their concentration with elapsed time after absorption
could be clearly observed. It was confirmed that the movement depends on elements, on the manner
of absorption and on the states of plant growth. In addition to the movement of supplied elements,
some elements in the plant show interesting changes in response to proton irradiation. It was found

that the method is quite effective for examining elemental movement in living plants.
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