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HELE LT, AFRNTHRSAIVTWD L 16 B, I X7V KEEHIICE 2R bFE TR 1 fE
(7aX), NMCC DEHEL CERELZ I 1 FEEH (V) 2w, BEOY X M &R 1T, £F-EFEC
BL T, BEOFIIHIL CWEEEHRREOMICAET HELER LU, (LEREhikeG (SR-1) L RfEOE
V%, 200645 A (FtY :SR-2) & 12 H &) ICRILT-, £tV I8R5 2 7 iOSRFT CHREE
oo 1 AT BTV DD DIEKRNBEDE L T—2oDINEZEo TWAHARRDAKIZ (4EY 1:SR-3), 2 »FTH
T E R DIERDOOTHDLN, BERDVRVWTEDEV D Lo TNDHAKIL (&Y 2:SR-4) ThD,

x1: mRERDYR b

Number and
abbreviation Name Botanical name
1.YK HER Brassica campestris
2.MT FHOUE Cryptotaenia japonica Hassk
3.CG BT A Brassica chinensis
4 HK FI3% Brassica campestris var. amplexicaulis
5.MZ BT Brassica campestris var. laciniifolia
6.CB Fp Y Brassica oleracea var. capitata
7.0B RE Perilla frutescens var. crispa
8.LT LA Lactuca sativa L. var capiata
9.SD BIH R Lactuca sativa
10.SR £ Oenanthe javanica
11.DK KR (%) Raphanus sativus var. logipinnatus
12.NG nE Allium fistulosum
13.T™M r~h Lycopersicon esculentum
14.PP vy Capsium annuum cv.
15.MY HLL unknown
2. 2 AR

PUBHIAKE K THEE%, B L SN Dok L% 3g ORI AN, RIKER ZEZ 0 DI TH
DEDERE?Y, ZOBEEZEEME DK LY 7280 X — Tl o 1B, EEAEE SRS AL 105°C TR 15 B
MRS 7, 0%, (DBERE#EE, QBRENIELELE YD 2 S OFEICEY X =57y NEER LT,
(W IENEFAEARE TR EZ A THRRE 2 a0 U4 VB Ty X 77 4 b A BICHEE S 2505705, (2)1FEN
e TR & L CHLBEE R TR 10, 000ppm DX T U A — R R EMN %, ¥t T HHIET, ¥—F
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NETTCHAETHD, TMHAS MO RO SO LT RIKEBR LW, REDOEHR 7T FEL
T&bhfméo:@ﬂiw,\z7w%imG2&m WEHIRO S O & i LT K, Ca, Fe, Cu, Zn £\ 5>
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Element = Concentration( 1 g/g)
Mg 195+6
S 1590+50
K 193+6
Ca 47.7+1.6
Fe 38117
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F 723 ICRFE(12 NSRS 2 » T CHRIL72E Y OFERB L OENENOAEE 13, WIKEE %
R, WE AT 5 & ARTRICB W TERELE L7z SR-3 D J7A% AL Si, Ca, V, Mn, Fe, Cu 72 EDIEE R E L 72 -
TWAZENS1D, SR3 OFERZHAEL L, SR-3, SR4 TNFTNOAEBFERE THH R L UKD
EHL LADED &, THEIF AL S Cu, Zn BENE <, K V, Mn, Fe, Cu B ERNE L 72> T 5,
SR-3 DR TH D V, Fe IREMN D, RAROE VLIV LIJIIKF O y 2 KB LT\ EHERITX 5,
TRV DOEBRE S L UIKNA2KOFTEFLTRY, HEIIRA)INTHEENRZ NI 2o FE > T
LI T, £ ORFBLSBRNITD 7L<, KESOILHEIFTKRNP LWV SV TND Z &2 Z OFER HHEN

N5,

x3  RITEMEN-E)BLVEADOANIK, TEPOTHREEEERKRE ND [TRIELH)

plants (1 g/g) soil (1 g/g) water (ng/g)

SR-3 SR-4 SR-3 SR-4 SR-3 SR-4
Na 4430410 1510260 6520460 6670420 1130280 2680200
Mg 2220280 1950190 13600570 11900500 2240210 4880200
Al 216210 ND 1080003400 510001700 ND ND
Si 11100390 7320260 210000%=6600 1180003800 15300530 22600710
P 3600180 3650160 ND ND ND ND
S 5510240 4340180 66098 34890 1150%£92 193080
Cl 20000700 12700460  1050=£120 1690130 3790170 5090180
K 503001600 441001400 2350£160 663120 3450180 4300160
Ca 22200770 14200490 402001300 35900*=1200 24000=£830 30700970
Ti 10119 10+13 4980+220 3380180 13+17 3.2%+8.0
\'% 155*15 0.5£34 ND ND 30.5%£8.0 14.5£4.0
Cr 42.0%+7.5 10.9*£4.6 302+95 30279 42+50 6.41+2.0
Mn 778128 26.9+t3.4 1100190 1000£160 30.5%£8.0 14.5£4.0
Fe 17500580 142+6 9250023000 720002400 33.3%+3.0 17.9+2.0
Ni ND 0.27%0.75 ND ND 48+2.0 ND
Cu 8.4+4.0 3.6E£1.8 3810 7.1£438 5.1%£2.0 23%1.0
/n 40.71+3.8 349+2.5 83+10 23.63.9 9.24+2.0 9.0%+1.0
As ND ND ND ND ND 20x1.0
Br 74.4+8.2 46.31+4.1 27.8+5.6 83+t24 22.64.0 28.0E£2.0
Rb 49.1£9.1 35.6x5.2 12.7£6.6 3.8E£24 ND 42+2.0
Sr 70.9£8.3 33.5£5.1 203*16 61.81£6.0 59.0£8.0 53.4+5.0
Y 9.6t49 4.8%£3.2 18.0%6.5 ND ND ND
Pb 9325 ND 56.8+7.9 1.9£73 1.6£4.0 8.5£3.0

KA, B D2 r I CHILSNIZARTORRBE L ZNENOMO LHEPREZ L bOERT,
farm-1 1< NMCC JEiATH Y, farm-2 (TF) 15km AL FITALE L TV 5, Ca, Fe, Cu, Zn ® 4 DD MBI H
THE,1DOMDITN47THFEE BEVMEZ R L TWDN, B3ETHEST 5 & Fe, Zn #EET farm-1 O G735 <,
CalBFEIT 2 OFMEWVMEZ /R LTz, CulREILmE & BIZFERBE TH-T-, —F, AEEOERINS Cr,
Mn,Pb D 3 TRIZFERT A &, farm-1 O HE X Cr, Mn BENE L, farm-2 X P iIEENE - T-, B %Lt
g5 & TP CRRE L FROMREEZ R L, ZROORKBRLY, BRI LRI L > UIHEF O D
WL DN, TXTEXIT 2D T2 < ARSRHUAK, IEEHEEOREEL ST TND &9 Z EUR
ey,
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R4 ZODWMTRELEZEXRELVLETORTREE ERBRRE

vegetable (u g/g) soil (1 g/g)

farm-1 farm-2 farm-1 farm-2
Na 1600+280 1060360 7910470 8240500
Mg 1050200 1320260 8010420 2610£360

Al 2161200 326200 1160003700 1260004100
Si 8+51 ND 220000+6900 233000+7500
P 6530£250 77601300 1940200 1750+210
S 10900370 7710300 1480120 1420130

Cl 10800420 8190370 401130 1300160
K 850002600 762002400 1710140 56401250
Ca 19200640 29200£980  47400%=1500  21300£740

Ti 29.514 20*13 5540+230 58701260
v 1.0£3.6 ND ND ND

Cr 6.04.6 0.7%£5.2 40787 217%91
Mn 32.7£4.1 29.9£4.38 1440170 1230190
Fe 158£7 121£6 999003200 831002800
Ni 1.2%+1.8 1.3+1.2 ND ND
Cu 45+22 45%1.6 77*12 45+11
Zn 98.6t4.7 40.9£2.8 123%11 8811
As ND ND 16.0£5.2 10.7£5.9
Br 61.4149 352+*38 245152 65.517.6
Rb 88.61+7.8 27.5%£5.7 3.9+5.0 242%73
Sr 61.9£6.9 1169 220%+15 125%13
Y 14.0*£4.1 6.0£3.4 149+6.2 34.0£8.2
Pb 45*1.5 ND 46.2+6.7 95t 14

&S, RSICISHEEOHEZH LREEZ AT, B LZNUANDOED(I~ N, T VA, L)%
BT 5 &, $HBEIX Ca OFAENDIRNVEWI RN AL, EFRC b~ hoMlL &3 Ui S %8 %
IRLTND Z G, MMITESCE R EOTMICL VERT I LR ICLEVRRLND EBbns, 72,
D7 DI AEBREIIRES BRI NFECHEY & L TEECOID, BMORBEEZHENTTDE, P I
1,000ppm A%, K 1% 30,000ppm~70,000ppm, Cu % Sppm Fif%, Zn (% 40ppm A% & 72> TW5 2, P K i
IR 32T AR U CRERAIIC 52 b TWA - ORIFBES EN TS, £7-, Cu, Zn T ATO I xR
TNERIN L TOHMHEDE D & HEPFOIRT L ERESE L THELTREREDO T NIV ZEENT
WBZ EWNgoTe, —HAZELRIZELTE, CrlddEEYH OIREN 4.5ppm LL T Th > 7= D% LI
FOMREITHLMMICEVMEZ R LTS, As 2B LTI, MED T OFEFED 30pom~60ppm T & - 7= D%t
L, BEPOREX 3ppm LT ThH-o 72,

Pb ICBI LTI, BRO A REHOREIL 1~2ppm THDH E WV IHERH D D, SRIOFEROLL BNENE
T DRER L o720, IV NE KEER Pb RIS OB OREEE &k LML EEVMEE R LT,
LML INDBITKREICERT 20 TIERL, FEOMFIDEFHINIHELTHD-0, AME~DRET
FRIZIEIZ T e b e b s, 7283 TO Pb BENREWI ELHALNE o720, HEITEDSCX
LT, e EAARANICE S TEZR LADEVWHERETH Y ZRICERTHDEENRLETHD, Ll
farm-2 O HEF O Po RENFE -2 H D 5T, farm-2 2> HINHE S 72 A 51X Po S Sz
STZEEBEEZD L, AXN Pb ZEMT D LRI D Z LW E bbb, 1960 FHTEE TIZA
BRI T 28R DB D 5 BEMFFHCEEDICH KT 2 313D E Sh, FICEARETIT R WE S
ZHINTWER, ZOBRRBEREOBIMNFIZAEVEEDFTO Pb BELIML WA Z L THEND, Y
FOTLEREIIAEBRE ChH KO LEBIZM EELZIT D R nnole, T2 IHFEILFED AME~
DEBELNIBLENS, FDOW)IIKSLHEOSHITEETH 5,
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xo-1: TREOHEPAREE &L RBRRE

Concentration( » 9/g)

1.YK 2.MT 3.CG 4.HK 5.MZ 6.CB 7.0B
Mg 3470170  3350£280 4620310  3050*310 3710290 726+150 2700200
Al 172£100 361240 2284200 1030%240 14096 211%130 173140
Si 22082 46=*73 20*88 1274190 ND 45+41 433110

P 7560%£250 14000460 5700230  13200%460 5640230 3420+150  3750*=160

S 6630220  2740*160 9220£340  14600=*500 5450230 9940+340  2600*130
Cl 10600340 6120%270 13700470 7420%300 4860280 2030110 327%78

K 10400043100 1390004200 1290004000 754002400 105000£32043000£1400 51500%=1600
Ca 16700530 6740290 42500+1400 27300+910 20300680 9900£350 16800570

Ti 18.2+8.1 29+ 14 35.0+8.8 22*19 4.60+7.7 52.7%11 12.0£6.0
V ND ND ND 1.4£4.0 3.5£4.7 0.9=£3.6 ND

Cr 7.3%x2.7 13.4+54 10.8£5.5 6.0+5.9 8.5+6.0 6.9+3.5 12.9+42
Mn 37.1+2.8 120£7 51.3%5.4 39.9£53 22.644 21.4%32 239+10
Fe 209=*7 260=£11 149+7 155%7 80.8+4.7  69.1£3.8 228+9

Ni 2.7*13 ND 0.6£1.3 1.6£2.2 34+2.1 0.05+0.79 142%+1.9
Cu 59*+13 6.7£2.1 27122 5.5%2.1 45%+1.9 45+1.5 20.2£2.2
Zn 62.2+2.8 59.8+3.8 73.0£4.3 87.6+4.8 48.5+34  28.6%2.1 132£6

As 1.6+1.2 1.8£0.8 24=%1.2 1.09%0.81 ND ND ND

Br 29.7£25 71.3%x5.7 27.0%4.0 23.6£3.7 23%22 14.7%£2.2 4.0x1.8
Rb 22.7+3.2 44x£25 24.1£53 42.6*6.4 12.1+3.8 23.7%+38 14=*1.1
Sr 17.6*X2.8 8.114.0 50.6+7.1 112+11 204+49 10.1%+3.2 37.6x5.4
Y 8.0*23 1.1+£2.0 4.6*£3.9 10.5+4.5 2.0£33 9.5+33 3.0%1.5
Pb 53+4.7 13.9%£5.2 1.7£4.4 7.0£3.3 0.1£2.9 2614 20.2+2.6

K52 SREDHFRITREE ERBRE

Concentration(  9/g)

8.LT 9.SD 10.SR 11.DK 12.NG 13.TM 14.PP 15.MY
Mg 1260+220 1990%220 1160180 3720670 1040270 1540140 7861230 1070250
Al 1431170 353+£170 563130 317£500 476210 213*110 3771180 558200
Si 134=£66 ND 1380120 802=%320 170150 15£53 ND 548140
P 5680*230 5510220 5870220 2290%310 6010260 6580220 3590170 5520£230
S 2270%£140 2980%=160 5290£210 4570%£320 6730280 2420=£110 1800130 3980%180
Cl 5590230 4490=+260 11200400 31600=14002290+=190 3500140 678160 745170
K 4180021300 12000023700 435001400 2570021100 222002870 707002200 3700021200 20500700
Ca 7880300 12000410 8470+=300 47700%£23004060E160 2350*+110 1110110 4720%220

Ti 41£15 1014 53=*12 37+33 2013 39.1+9.2 14+16 3816

vV 4.0x3.6 33144 4.7%38 ND ND ND ND 42%+09.1
Cr 44x57 57.5£6.3 5.0£4.6 6.4£4.5 242+47 8.1%3.1 5.9%6.0 6452
Mn 782%£5.6 201£9 108036 8.2£7.8 234+3.6 26.51+2.8 28.4+£4.5 26.0£4.2
Fe 157%7 47616 589%20 14711 102£5 1014 99.5£54 1156

Ni 0.7£0.8 29%2.1 54=%2.1 1.6=1.5 48=*1.7 2.6=*1.2 5.0£2.0 5.6£1.9
Cu 54=£1.7 4.0*19 122+1.7  7.2%4.0 11.6+x1.7 97*x14 44=x1.6 20.9£2.6
Zn 84.1*t4.6 52.7£3.4 453+28 294+42 499+29 41.0*+22 46.9+33 52.5£3.5
As 09=*1.1 0.9£1.0 ND ND ND 0.844+0.40 ND 1.3£1.6
Br 1.9*19 39.7+44 48.04.1 86.2+98 7.1*x19 12.1£1.9 2.0*+1.9 32%1.8
Rb 4.5%£2.0 54%+39 42,654 3.7£35 29424 44120 39+3.1 7.1+£3.4
Sr 126*4 10.7+4.0 34%2.8 78+ 14 83+X3.0 22=*2.0 6.1E£3.6 15.3+4.7
Y ND 1.0x1.5 123£3.7 4.6*34 ND 3.0x£2.1 2.6+2.2 49%2.0
Pb 0.8*+24 0.7+2.4 ND ND 1.0£3.3 04+14 2.824+0.99 5.0=*2.1
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oo tedy, Cr,PbEOFEMOREMIN TV A ERICEHL TEEWZ &R InT,

3. T UIXZEOEBHIRIC L W EEDITLHE, FRHTV, Fe, Pb M 2MEOH D Z LR sz,
72, V,Fe DIRFEIT T IV L AFRE CO LI KOEBEL LT 5 L Bbhs,

4. Bp31E, JLHRIC Ko THERE T TR B AR L EIRBI O A 77 & K5 Z & DR S T,

5. Hx OB FIIREDOTLHEELEM T OIMEOH D Z ENHAL NI T2, BlIZIE, ELDIXCa %, F
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Elemental analysis of the vegetables on the market
-Comparison with wild plants-
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Abstract

We have measured concentration of multi elements in vegetables on the market and a wild plant gathered around
Nishina Memorial Cyclotron Center in lwate prefecture by means of PIXE. Elemental concentration in vegetables
cultivated by spraying mineral-rich waters was also analyzed. As a result, it is found that the mineral-supplying
vegetables abundantly contain essential elements for body such as K, Ca, Fe, Cu, Zn and Zn in comparison with
ordinary ones. With regard to a wild plant, concentration of essential elements such as Ca, Cu and Zn shows no clear
difference in comparison with that in commercially available one of the same kind, while that of toxic elements such as
Cr and Pb is relatively higher. Moreover, it is suggested that the wild plant has a certain property of concentrating a
specific element depending on its growing period. The relation between elemental concentration in the plants and that
in their growing environment, such as water and soil, was also examined. It is also suggested that elemental
concentration in vegetables reflects elemental constituent not only of the soil but also of the sprayed water as well as of
the fertilizer.
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