NMCCHE[RIFI] AR FE AR 17(2010)

KRR PIXE [CKDESHIEVMHMICHT SBELEEESITEDORE

BB BERE T2 mE AT 2 FEHERREL

VUFREB KA 20 ha by 2 —
T 020-0173 /& T8 FRRE IR AT FE IR B 23 2% 348-58

PHRTA Y h—THACREEY A 7 a ha s —
T 020-0173 /& T8 FRRE IR AT FE IR B 3 A% 348-58

1IELC®HIC

Fxlxzo 154, 7 VT HEICK T 206 F LRI L DIRIBITE YA OF AL N - T
X7 BIEICHE R TTo 72 & 512, Bangladesh 1B W TIHEEHADEL 3 FIT L v 5
ENTEY ), ZORNIZEL OFR - W7 PTEEICBW TSR b LIS NG, BER
DREHARDTD, Nra s O FAO (EEEERRIEE) 72 SOOI LY . BIEH O
BEFOAFELRBEZRTT 57O OFEMBARE I THON TE Y | BIREOSESC MR R 72 &
MR BILTND, 2D DRFFEIZISN T, RAEY T O RFIE TR ORGSR 4 B4 5 2 &
XN 72 TR E VDN, BIIED & 2 AZNEFETT 5 IEIER N,

ABFFRIC I TIE, MY O 2R & LA & IS B E BAOTIEDBIR S RA SR
D, HEFFE - EFERMAHEHEE LR D OEESITIL. KA PIXE (2B 5 EIEHREELISMNT
FEE LB DL EZBND, K& PIXE IZxT % ML, BRICBEZRE D - A1 el 9 -
TS A ekl 970 LIk L TR T, FEREIOMEIC BISH ST\ %, R L O L
& 7 B gE X BRITIRE PIXE OEGAZERND bIAET L0, TOHGOZELSIE X A-K X RO
I THAE L blank 2227 ML EFELBIK ZEICL W EMEICITH) 2 EMTE S "9,

Lo LA 2B O E B HTEICB W T, o< SO0 BRAEZEE SR T TR
5720, HIEDT- DI L D BENTON A3, T OBEM N IES RR#2HE L Tn5
E I DOMERPMETH D, YR —LREHEDY F A=V N TFHREND D, BHEEOK A
— BRIV TOIUEZ AU IEE 2 RO —2 D B R L 72 B, FRET & XA — 212 K 0 AR
B BARDHRES L TOFIE, MEEAE RO LR & 72 D5k X RO EICHENH, BRSO
HEWERIND Z L2 D, TOROITIE. EITKS NS RAET Dk X BINEE it =4 —
THMNEND D, £7-E— LB, MM ARIEN B A 5 2 72 WO ICIREE L uid7e
SRV, EH R - AMIEENHERS TE TV A EDLOHIT D711, KBNS & A fiE
BV UL EOESLROBMEZBETHZ b LD,

KAFFED BENILL FICEH &5, O K& PIXE I3\ T, MEREYEE 4 LRI 4 X 7=
ST D ERSHIERHESIT 5, @ AMmIGE) - EEARANRBEZMEELANRLHEEITI D0, R
- WIESM 2SI T 5, @ FInRIE O REBLE O ORI & ORREOREEE - By

69



NMCCHE [RIFIFIFZE R S SC £ 17(2010)

fERE CHUFTRED D 5, @ FrE ORI ICRERZ b A B S W i5E . ZOERICET 5
BERET D,

2 EERAE
2.1 £Z-1EYOFER & B &4

WL E NMCC - FEIRAFZERT B I IS AT L Tz AR O BF #5 (7 11— — : Trifolium repense.
24,32 : Plantago asiatica, <~ K A 2% : Hydrocotyle sibthorpioides, V&7 4 > 7R 78 : Taraxacum
officinale) 23, JEL D+ T LR EEOIFTICHRIM S Nz, ENHIE—EHMFASICKE 5 2,
GELTABRAPRIZN TS Z L 2R LT O BERICH ST, £ X T & DXt 7=
O, ATEESER SN, SHIT, uRN LV B &0 0 & HIRF S 302 AKSE OB T THLH
175728, 7" b A (pothos : Epipremnum aureum) O3 % 7~8 FDIER DW= F LIV By |
FETITRVRDS A Z D F CHRBEMFEE L7 b o b ERRICft I,

KER7ZRHETH D BIED~DISHO RN AER T 5720, 4 HOBEOE (BIR¥E
Brassica rapa, /L' 7 % : Basella abba, &= 7 - > / 77 : Spicacia oleracea, & U : Oeranyhe javanica)
MHPEIZHWSGN Tz, ZADBICBE L TE, B E o' Y BN A LIS LEE M T,

Fig. 1 D5 EIE, AKHEEOR » AFEHT R 2 SRR, BB SN DT, BRI ETTN
7oK 5 IZERE RS BICEE S du, RO OIZx LTI EZ KD D WD IEEHIZR G, K
DR B FTITMAR SN D S T CTREM T, B —2ORKNAE - X BROREA LT
b L5 45 ETH D, WIEIT 2~4 532 T, 900~6500 53 D [H 0>y i BE 2L ALl &
i, BRI OME O EMRIL, TRIBEOENELZBNT 5720 &, WK B —EITRTZ
AVIEF 72T O T D 2 & A R T 27290 Th 5,

Fig. 1 Photographs showing irradiating conditions of living plants in in-air PIXE
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Fig. 2 Typical in-air spectrum of a living plant (dandelion) obtained with a 300 ~“m Mylar absorber (indicated as a raw
spectrum). Result for blank-spectrum subtraction is also shown in the spectrum.
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Fig. 3 Net X-ray spectra of four kinds of wild plants normalized by the yields of continuous X-rays in the energy
region between 4.5 and 5.5 keV.

100000

-]
8 & Index Element (o100 2 45 MeV
¥ O ;
| 2 With a 300 pm Mylar absorber
10000 — &
X (©)
a (]
5 ¥ g :
T 1000 B 5 3 N
g ' i
G 2| & 45~55Kev
g N \Q\ [\ S8 g 2
g 100 ¥ il 0 N &
(W A
/ n L Q A
o (%}
10 i 0 | I IA ﬂ:
'V VWMMMMMH
1 I

0 50 100 150 200 250 300 350 400 450 500

Channel Number

Fig. 4 Energy region for taking the yield of continuous X-rays. Potassium concentration is determined using the
conversion coefficient and the ratio of the potassium peak yield to that of continuous X-rays in this region.
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Figs. 5 a) Comparison of the results of potassium concentration in four dandelion samples obtained by the present
method and by the internal-standard method.
b, ¢ d) Same as Fig. 5 a) but for b) chidomegusa, ¢) clover and d) arnoglossa, respectively.
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Figs. 6 a) Comparison of the concentration of four elements in a dandelion leaf for different irradiating positions. b, ¢
d) Same as Fig. 6 a) but for b) chidomegusa, c) clover and d) arnoglossa, respectively. Irradiating positions are
illustrated in the lower right hand corner of each graph.
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Fig. 7 Changes of the yields of continuous X-rays in the region between 4.5 and 5.5 keV with erased time obtained
by irradiating pinched leaf of arnoglossa.
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Fig. 8 Same as Fig. 7 but for a leaf of living pothos growing by hydroponics.
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Fig. 9 Changes of the yields of continuous X-rays and concentration of principal four elements with erased time
obtained by irradiating living arnoglossa growing on soil. For the yields of continuous X-rays, the axis of
ordinate is in arbitrary units, while elemental concentration (ppm) is obtained by the present method.

100000

10000
£
£
Qo
o
E=
S

= 1000
S
€
8
c
o
o

100

—=— BG135-165 —— K ——Ca —+—Mn —o—Fe ——Cu ——2Zn
10
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Elements

Fig. 10 Same as Fig. 9 but for a leaf of living pothos growing by hydroponics. Changes of concentration of
manganese and copper are also shown in the figure.

I b OIeFER LA I apoptosis DFEMEICKTIG L TW D b D LRSS, B —LEMlITE
TR DG A LR TH Y | BE— L= XLF—ICB L TH ., IGREICIEIREK I < 07

76



NMCCHE [RIFIFIFZE R S SC £ 17(2010)

Ty 77— xFHATE0, BERTIIAREROSFMLERREICRD b0 EEbs, 207
¥ apoptosis 23 UG WM FCTORM E 2%, FeldI b=y RU 7 TAK S5 cytochrome-C
DERDTHY ZOFEITHIGLTND Z ENTHEIN, DLy ATBEIZE Y Ca channel
NBIEAINICEA SN D S0 & Bbitsd ¥, LasL apoptosis & OBIE IR L CWrE M 722 5t 30
ZRADITIE, & DR RBIN e SR T UEe 59, IWFROMFFEIC & v 2= o B
ZHLMMZLTNETZL,

Figs. 11 1Z1%, Figs. 5 & [FIERDOMIIEIC L 2 A BRIk L T T o Ik R 29, b 0lf
¥ o(@:WRFE, b: YALLATHF, c:ATLLY YT d:BY) ZnTRLEFREECTHKEN
T30 THDH, BVICHLTIIRMATIRIESNTEY, —EHMAKPCHE LAEXLEED
HUN2MTOIVTWV D03 MO B33 0 Blo 72 %t U C ek 37417z, Fig. 11-a) 2 /25 &
WEDEITE S —H L TWD 2, b) ICBW CIIAREEUELE ORI REICE TR OEEZ R
LTEY, ) ICBWTIEZTNAEEREmE LTROND, —J7d) OABEFOLY OHAIE
BL<—HLTWD, ac) IZBWTIFED L IFZERG WS, BT Ko7 Eomifsid s
AT TR, LA a) OBEBICEOEITIEFFITRKE < (2040 cm), FHFEH G
#9543 L FLN T2 D RS~ DK Sy ORFFGIZET O OER I HITORTWDS Z EN RIS,
YILATH () OBE, B NIOVRKWEEZRD, KEENL O HEREMG SN D &R
SND, FRUTHL, ) AV LY UDOHEFRESIENEL RWES 72T, Koyoitiase
TDPMEN T D AT OFVE D E L F W, d) OKEEEDOGEICHEOENR RS —HLTWnWbH I &
DD, BEICK UM ST AR E TSkt 3 2 A YELE ) 1%, CEE R D O I
TV DEMATIZBWTIY) BRICLZOEFHEHTETH D EHIFF SIS,

100000 100000
£ £
£ £
g g
= 10000 -¢-Standard-free L— £ o000
£ £
2 -O-Internal-standard 8
] ® —
= = -+-Standard-free ||
g g
8
g S -O-Internal-standard
o o
1000 1000
Nozawana-1 Nozawana-2 Nozawana-3 Nozawana-4 Indian spinach-1  Indian spinach-2 Indianspinach-3 Indian spinach-4
Vegetables Vegetables
1000000 1000000
—#-Standard-free —
£
€ ~o- Internal-standard 2
£ £
o
o g
£ 100000 -— -—— -2 100000 A—
=4 I — g
2 S
=1
o
g o —e—Standard-free i
< 1
o
o —o- Interal-Standard
10000 . L L 10000
Spinach-1 Spinach-2 Spinach-3 Spinach-4 Leaf-1 Leaf-2 Stem
Vegetables Samples

Figs. 11 a) Comparison of the results of potassium concentration in a leaf of nozawana obtained by the present
method and by the internal-standard method, where pinched leaves were analyzed.
b, ¢) Same as Fig. 11 a) but for b) Indian spinach and c) spinach.
d) Same as Fig. 11 a) but for Japanese parsley, which was analyzed while keeping it alive.
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Abstract

A standard-free method for living plants in in-air PIXE has been developed in order to
clarify mechanism of elemental transportation and movement in farm products. The components
of the continuous X-rays originated from air and a backing film can be exactly subtracted using
a blank spectrum after normalization by the yields of Ar K] X-rays. It is found by observing
the yield of continuous X-rays with passage of time that water content is continuously
decreasing during irradiation with a proton beam in a case of pinched leaves. Contrary, it is kept
almost constant during irradiation for the living plants to which water is continuously provided
through the roots. Stability of the yield of continuous X-rays is a required condition for a
standard-free method, which makes use of the yield of continuous X-rays mainly emitted from
water content. It is confirmed that potassium concentration shows no large position dependence
on a leaf, and it keeps almost constant during irradiation, which also indicates that regular
metabolism is going on. As potassium is always contained in all kinds of plants in large amount,
we designated it as an index element. As a result, it is found that the potassium concentration
obtained by the present standard-free method shows quite consistent values with those obtained
by the internal-standard method. The present method is confirmed to be quite useful for
investigating movement not only of toxic elements but also of essential elements reflecting
metabolism in plants.

Keywords : PIXE, Living plant, Standard-free, In-Air, Toxic element, Quantitative analysis
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