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A method to quantify 22 inorganic elements in order to determination of the geographic ori-
gin of Welsh onion (Allium fistulosum L.) was established. A sodium extraction method with 1%
HCI and an acid digestion method with HNOs/HCIO4 and HNOs/HCIO,/HF were studied and
compared by using certified reference materials of Spinach Leaves and Apple Leaves. As a
result, we applied a Na extraction method with 1% HCI and a HNOs/HClO,/HF digestion
method to an inorganic elements measurement of Welsh onion. After analyzing different parts
(lower, middle and upper, as well as outer and center) of Welsh onion, we decided to analyze a
10 cm part located in the lower part of Welsh onion and 22 elements. We determined Na by
flame atomic absorption spectroscopy; Mg, P, K, Ca, Mn, Fe, Cu, Zn, Sr and Ba by ICP-AES; and
Al, Co, Ni, Rb, Mo, Cd, Cs, La, Ce, Tl and Pb by ICP-MS in sample solutions. A principal com-
ponent analysis using 22 elements for 47 Japanese and 15 Chinese samples showed a different
tendency, and suggested that Chinese Welsh onions could be distinguished from Japanese ones.

Keywords : Welsh onion; geographic origin; inorganic elements measurement; principal com-
ponent analysis ; acid digestion.

BTG LT, JAS #:ICE0  FEMFRASEEIATH

1 N2 L5 ST B0, FROE S 2 BIET 2 Eh o

il

2000 fEIZ [BHWEOBRBALR O HERROBIEILIC
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BIF IR TT MR R ORI X 2 OFERTH
5. AFRTIIERTEARICEILT, AFXOEHKTHE
PEEZHL, EEDRF 47 RELPEER X 1504
B LT O F R RS 2 17 o 72,

HEGRERRBCHET 2 ER TR E BRSNS Tk
ELTIE, FEEE T ARG HE (ICP-AES) R
FEEET I ATERSIE (ICP-MS) »EwH & Mk
KEBTAHILNTELFELLTULCHVWLNRTWS.
LA»L, TRHDOFETERICEZLEOERELIT) I,
KB OB FENEEIZZ-TL 5. ABHhOTEDOHE
HRBRBNORELHE, R LSBT ILEDD
HIEDND, ZREERIMOOORMAEE L U TIEER
SREDE L 7= e LTRL TR T3 A, Wk
EuHe LTHOBRTABEICREEYET L. BAMT
X, WEEASEEHVOND Y, WYRTICEET D T (B
ILEWITHZ L ENTVETEIIOPVTIE, HROATIE
SRSV, EHICERTERWI LML TY
57:0THDY. FABILEWE ST 51137 vILKFE
B & B IMEAUECH DY, ERERETH LD, T
ENFFEALZL 2WRETH S, AROFZETILEM 2B
EPELET, ZBRORBEFABICOMTELRY M TL
—FERFAL, AFXEINEELOTEL L)AETIE
BICERT A -0IHRERE Y H\v/2, HNOs/HCIO, K&
UF HNOs/HCIO./HF |2 & 2 BB O 217, & F
DEBTEERSIIEA L.

AFOSH TR, FFXFOEMB (T, I8, EWRS
L, HULER) IERTTEO RN EIT) LT, M
I AEMBTESAROEHER, ERHIICHCST
FLOWNRE M EROLE L B, AFREIMFELT
WHTOEBIIOWTHRAR. TH) LTHILLEAFD
KGO 720 DERTESAEICL D, EE 47 RER
O ERE 15 BMAEDO R FICoWnT 22 BETEDOERI
RiTo 7. EMHNOTFTMORE L LT, BohmRI
DWTERG I & iTo72E 25, EELPEELOMT
ARSI R 2 o ZEHASR OO THRET 5.

2 E B

2:1 H ¥

KiZIVRTHEHO, HRERELEEZ TS Milli-RO ¥ A
FARBLEZLO ROK) &, BITHEMRR, 14 K,
BEFRAMEZ T 5 super-Q VAT AZ@LIZLD
(superQ 7K) Z MW7z, AP OGHICIZHERILEROFT
WA, 60% WHEE, 60% BIRFEER U 49.5% 7 v 1L
AEBRE V2. 1% BB EREHER OB EIT
H, 20% EB%E 7.

7V — ARTFBEESHTE (FAAS), ICP-AES K& U ICP-
MS 2 & % 5 O 72 3 O MR AR B B HE S B R L

KAGAKU Vol. 52 (2003)
O FEFRSeo A AR & SPEX HoORGHEERN

XSTC-1 Z B IIEES L CHREL 2.

2:2 B #

KBOFLE L BWEEORFT RO ESEICIE,
National Institute of Standards & Technology (NIST) @
ZHEW)E, Spinach Leaves (SRM1570a) & Apple Leaves
(SRM1515) % H 7z, FEHOHRIFEORE TR, v
MILTHEDIZ-> E Y LA EAFET 2595 RO
ZHNEBRLHNELMEN12OTHD. RFETHRE
L7243 F (BAFIBESF, Allium fistulosum L.) 1%
FEEsH T E MEO KA Z By T2EICHEE S Thwa
o, HEHE, IWFE, HRER, @gEE, Z®5E, LA,
KRAE, ZEE, M¥OLE, FIE, S#858, SmE, o
MBI AR -ER 34 BEO 43 D S 47 MK HEE
o AF L7, BEEAFIECUES, L BEEY
OSEHTHAZT S LTHESNLDDOBWASINT
ETWB 0, IhooE#»PLHOTy bDbD%Z, £
hZRn 10, 4, 1 REOFH 15 REEEHHZBECTCAFL
2. AF¥FRFERFRFE—T v b D 2001 4 7 H~2002 4 8
AEOLDOEH kg P AF LA B, AFRABIT
N T CIEHTRONS L) IHMIDOEZ TV THEL
ThY, REZEREESIEEALAFELTVARVWIRETD
%.

A FHBHL 25 KRG &KEK, ROK, superQ K TIER
BEL, I3 v 78T ENENRITEDOBENIHERIN
hiolFyra— IOy F 7 hy ¥ — (HIHE,
VA-PRO3) VW THHLCHEHABE LA £FD
AR AT T, TEF, PEF, LEE LT, EREhELR
75 1cm EOEH 10 cm OFAL, HWEBG & REOFS
OEH»AS B5cm TOTE 10cm DE LiZEWFRBOH
ff, BWESLREOHESOBEH?S 5cm LD EE 10
cm OREOEWL & 25 AWML THE L L7, A FD
SHEL & L ERO G T, AFLZAFOTE 10 cm i
oW, MU 1B, 2B, Zhi )O3 AL
S, ThPR 2B RGRIMLCELLE L. A FRHO
K&, BE70C TH2EMULERSETRD, 2
DAGEP OB LA ORERZREL 2. BT
FOEHERBIEERSSY)TRL.

2:3 RERUBESRMG

FAAS 12X % NafllEBICiE, HEYVy—L N7 v yall
SOLAAR969 % fl\27z. ICP-AES 12 X ZHIEICI1X, £ITH
B> #T A fE %2, Leeman Labs #, JICP-PS3000UV % H
W7z, ICP-MSIZ X AHIEiCid, HABFR _EPURE
JMS-PLASMAX2 % Fiv27z. FAAS, ICP-AES KU ICP-MS
DMESLMH% Table 1 1277
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Table 1 Operating conditions for FAAS, ICP-AES and ICP-MS instruments
FAAS NIPPON Jarrel-Ash, SOLAAR969 ICP-MS JOEL, JMS-PLASMAX?2
Flame condition Plasma condition
Flame type Air-CoHy RP power 1.3 kW
Fuel flow rate 1.21/min Plasma gas 14.0 I/min
Burner type 50 mm Auxilary gas 0.71/min
Element Wavelength Nebulizer gas 0.96 1/min
Na 589.0 nm Resolution: 500
Main slit 1400
a slit 12
Collect slit 294
Element m/z
Cd 111
ICP-AES Leeman Labs, JICP-PS3000UV In 115
Plasma condition Te 125
RP power 1.0 kW Cs 133
Plasma gas 13 1/min La 139
Auxilary gas — Ce 140
Nebulizer gas 40 psi Nd 146
Element Wavelength Sm 149
B 249.677 nm Eu i 153
P 214.910 nm Tb- 159
K 766.490 nm Yb 172
Mg 279.553 nm w 182
Ca 393.366 nm Tl 205
Mn 257.610 nm Pb 208
Fe 238.204 nm Resolution: 3000
Cu 324.754 nm Main slit 201
Zn 213.856 nm o slit 2.5
Sr 421.552 nm Collect slit 50
Ba 493.409 nm Element m/z
Al 27
Co 59
Ni 60
Rb 85
Mo 98

2:4 BEAE L ICP-AES RV ICP-MS (C & 2 EWTED
AE

ICP-AES & ICP-MS TRE& T 5 ILHEDRENERIZ, & v
N7 L — b % B 72 HNOs/HCIO & UF HNOs/HCIO./
HF ICL 5B CcHEL, WEREHE L. HNOy/
HCIO; 3R Tid, EETH 05 ICHE TS, ABH5
g X MHMET 70 E—h —ICEHICRE DY, 60% 1
A 10ml Mz CF7u r8Eatl s 258, REHS v
F 7L — MTRERPISMB L (8120C). BEON A
PRETIELUWIEARE 572648y P 7L— 05T
AL, 60% @EERE 25 ml A TMEL . £ 200T
FCHRAICIRESY LT 2B o 5@ ik, SurERd
HVITIRE BRI o7 ORETILE A L, EEER E Tl
L7z. HNOs/HClO./HF B85 Tld, k& FERRIZH#H
WA EERD B VIEREBIC LR ETHBRLzHLY VL
— IS FAL, 495% 7 vbLKFEEE 2 ml Nz TH 40
SEmEE UCEEIMAN L, 7 v bREBRERET A7
DIz, $230C FTHREY EIFTER - EEXE. &
R 1 mol/l HHEEZ VEMAZ, Fy PTL—LLET
il - BE L2, ICP-MS ICHWAERR In 2 EFH

5ug/li% 5 LMz, BESOMI DR r AT I
ABWAZ TS ATITHVIAAL. RUEEZEIC 4 HE
DBEL, BUSH, 1mol/I FEECTERL, REHARE L7
T LKFEBREA VG WTHMB LRSI, B3 hik
Wy ABILEWERET SIS, LR 0.45 um D X ¥
TS5 74y — (BAKMPTFE ) TFBL, REHAHR
L7z, —HEOBMER S BTV, Az izw
THRBOBREY L ZRBHEHED 3 SR L.

ICP-AES IZ X BHIE X, SR RGEELREL, Bk
B L BETRERELIERT2REMREICLY, KR
Bl THT o 72,

ICP-MS IZ & 2l 1%, - f#FE 500 & 3000 (24}, In
EPEREL L2HBEANRY PVEEO L BETRERE
ER T A NEHREETITo 72, Ni OBIETIX, NiD m/z=
59.930789 D ¥ — 7L ICHN B Y0, Si D m/z=
59.966750 & UF ""O'HoAr ® m/z = 58.977192 D ¥ — 7 H3
WEOHFIZHRY, CoPRMETIE, CoD m/z=
58.933198 D ¥ — 7 L IZHN B O'H Ar ® m/z=
58.969367 D ¥'— 7 PP EDWHITIZ % 555, WIh b o
BE 3000 TRIET A L&Y, WELLRLZZEERTAF
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Table 2 Analytical results of Spinach Leaves (NIST CRM1570a) obtained FAAS after 1% HCI extraction and by ICP-
AES and ICP-MS after digestion with HNOs/HCIO, and HNO;/HCIO./HF

Measured value”

Element Instrument Certified value
HNOs/HCIO4 - HNOs/HCIO./HF 1% HCI extraction
wt%" wt%
P ICP-AES 0.529 £ 0.019 0.523 + 0.002 0.518 = 0.011
K ICP-AES 2.78 £ 0.05 2.81 £ 0.02 2.903 £+ 0.052
Ca ICP-AES 1.48 £ 0.07 1.52 £ 0.04 1.527 £ 0.041
Na FAAS 1.91 = 0.04 1.818 £ 0.043
Mg ICP-AES 0.920 = 0.002 0.908 = 0.004 (0.89)¢
ng/g” Hg/g
B ICP-AES 33+40 48=*09 37.6 = 1.000
Al ICP-MS 232+ 3 295+ 3 310 = 11
Fe ICP-AES 255 = 7 257 £+ 2
Co ICP-MS 0.35 £ 0.03 0.32 £0.02 0.39 £ 0.05
Ni ICP-MS 1.97 £ 0.10 1.98 = 0.06 2.14 0.1
Cu ICP-AES 11.8+0.1 12.3 0.0 122+ 0.6
Zn ICP-AES 82=x2 811 823
Mn ICP-AES 72.3+£5.9 744 £ 0.2 759+19
Rb ICP-MS 119x0.4 126 £ 0.1 (12.7)
Sr ICP-AES 49.7 £ 0.7 50.6 = 0.5 55.6 £ 0.8
“"Mo ICP-MS 0.36 = 0.01 0.37 = 0.00

Cd ICP-MS 3.01 £0.02 2.98 £ 0.05 2.89 £ 0.07
Te ICP-MS 0.848 + 0.062 0.828 £ 0.108
Cs ICP-MS 0.022 = 0.000 0.024 = 0.000
Ba ICP-AES 6.2+ 0.1 79+0.1
La ICP-MS 0.32 £ 0.04 0.31 £ 0.08
Ce ICP-MS 0.234 £ 0.013 0.253 £ 0.005
Nd ICP-MS 0.095 = 0.005 0.104 £ 0.006
Eu ICP-MS 0.003 = 0.000 0.005 = 0.000 (0.0055)°
Tl ICP-MS 0.021 = 0.001 0.022 = 0.001
Pb ICP-MS 0.19 £0.03 0.20 £ 0.01 (0.20)°

a) Mean = SD (n = 3); b) The units indicate the concentration unites of the elements on the dry weight basis; c) Reference values

TR EBE— LT AIENTE. Mo DHIEIR,
m/z2=95 TITHIWMEDL HB05, 0T LIEEYER R
FOPETIE, M) v 7 ARGTHELEDNSARS b
NVTHEBETLIENTELDP 2720, m/2=98 T
WEL., O m/2Tld, ZETFA 4 X5 T8
RENT, THOLBHES CREEPEOERRIT) 2 LENT
A

2-5 EERHhHH & FAAS (& 3 Na DBEIE

Na EBHORBBERIE, A F PO Na BFEND 20
T, BARICHVABRICE TN Na il & ) ZRERED
Bl RBIEDND, 1% HEMHBTHRRE L2, CEETH
03gIcHYT S, ABWSgEBFRESOmMI OKY ot
L RRFRICERICEOIY, 2KTH 1% X% 5h &
IZ, 1.15% 3EER% 17.3 ml N X, HiRT 1 FEEERD R
7z. THERES 7 V) PR CIFB L, REERE LA —
HEOBRMEL 3 HHATTITV, B O Y I superQ K%
2.7 ml X CHEMORMEL L72, ZREBRABRD 3 il
L7z

FAAS Ik B8, WKL IRECRERZIERT S
REHRETIT-72. NailRER, BEYVN-72HEE (g

&, NCHIE L72KG (%) »oE LR OKGE
(ml) %, HHAEB173mICET I TREBHE
(mD) #8HL, ZOMEEL FAASICE D EB L/ NaifE
(mg/) ZHWT, HEE47-D DO NaBE (ug/g) &L
TERD7-.

26 IHEHLIE

EARMLHEHLEIZIE~A 70V 7 MO Excel 2000
Z, EREOBREIZEAT Y bV 7 Y v/ 8oO STA-
TISTICA Pro 2000 %, FEAHHIZITT A I D Excel
BRI, Ver. 4.0 ZH\W /.

3 MRKRUER

31 FEVHEOIMR

Spinach Leaves & Apple Leaves I22W T, 7 v{bkFE.
B % M L %2\ HNOs/HCIO; & 9 % HNOs/HCIO./
HF ICX YL, RTEZMWEL/L (Table 2, Table
3). Spinach Leaves, Apple Leaves 32 B & Al THRFEAE
NEBREL KL e o7 BIZOWTIE, 7 vIbkFE
BEEHALZWGBTIRNEHEIRIEMEL ) RPN E
, BRATAHILICIDEF LIS REE Lo/, HIER
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Table 3 Analytical results of Apple Leaves (NIST CRM1515) obtained by FAAS after 1% HCI extraction and by ICP-
AES and ICP-MS after digestion with HNO3/HCIO4 and HNOs/HCIO4/HF

Measured value”

Element Instrument Certified value
HNO3/HCIO, HNOs/HC1O,/HF 1% HCI extraction
wt%"” wt%
p ICP-AES 0.158 = 0.002 0.156 + 0.005 0.159 = 0.011
K ICP-AES 1.58 = 0.03 1.60 % 0.05 1.61 = 0.02
Ca ICP-AES 1.52 = 0.03 1.52 = 0.04 1.526 = 0.015
Mg ICP-AES 0.244 + 0.005 0.253 * 0.004 0.271 +0.008
ug/g” ' ug/g
B ICP-AES 14+ 0 2+9 27 %9
Na FAAS 30.1 £2.1 244 +12
Al ICP-MS 178 £ 16 259 + 5 286+9
Mn ICP-AES 51.9% 1.0 53.4+ 1.2 54 %3
Fe ICP-AES 69 %2 73 %1 835
Co ICP-MS 0.07 = 0.00 0.09 = 0.01 (0.09)°
Ni ICP-MS 0.85 * 0.04 0.91 +0.03 0.91 *0.12
Cu ICP-AES 5502 54%0.2 5.64 * 0.24
Zn ICP-AES 121 131 12.5+0.3
Rb ICP-MS 11.3+0.4 105 0.5 10.2+1.5
Sr ICP-AES 21.7 £ 0.4 21.9%0.6 25+ 2
Mo ICP-MS 0.10 = 0.01 0.09 £ 0.05 0.094 + 0.013
cd ICP-MS 0.019  0.001 0.021 + 0.001 0.013 + 0.002
Te ICP-MS 1.06 = 0.06 1.22 £0.16
Cs ICP-MS 0.007 = 0.001 0.006 = 0.000
Ba ICP-AES 47.8 1.0 478=1.7 49 %92
La ICP-MS 21.2+08 15.6 £0.3 (20)°
Ce ICP-MS 3.76 = 0.08 2.97 + 0.03 (3)
Nd ICP-MS 184+0.1 16.2 = 0.0 an®
Sm ICP-MS 3.21 = 0.08 2.80 = 0.01 (3)°
Eu ICP-MS 0.278 + 0.008 0.262 + 0.013 0.2)°
Tb ICP-MS 0.415 + 0.010 0.367 + 0.002 (0.4)°
Yb ICP-MS 0.208 * 0.006 0.190 = 0.005 0.3)°
w ICP-MS 0.007 £ 0.000 0.009 = 0.000 (0.007)°
Tl ICP-MS 0.016 = 0.001 0.013 = 0.000
Pb ICP-MS 0.53 £ 0.02 0.45 £ 0.01 0.470 + 0.024

a) Mean = SD (n = 3); b) The units indicate the concentration unites of the elements on the dry weight basis; c) Reference values

BRO7 vAbKEBRLEIZX ) BAERLA-TEELSD
5%, BROMEIIIT-> Twiwv, AlIZDwTlik, 7v
LR FEEEFEH L2V E, RIMEL D SN ERMERRE
olzhs, 7o bAREBREFERTLILICIDHELL.
ZhiE, 7o bkREBLEY LawE, 74 BRESICEDY
RAENTHE AIDPEEIN W -DEEZLNSE., 272
L, BIZr A BILEME VI ETRY AT TS AL A
EEES N WO, FREPIC—ED Al D37 4 B2 E
DATh, ZOAVEREINZVODR, HEVWIIEDOWH
FrOMPIIDOWTIFRET L T, Spinach Leaves Dt
DFLFIZOVTIE, REEIISREE L —FL, 7v
ILKZBREHOFEIIL BHEIT 2 H o7, Apple Leaves |2
DWTIE, Fe d 7 vAbKEREFHLRZVE, R/
BRERERE 2oz, 13N, Cd, YbIZHBWT, {RIHE
NIBBEEO—BDBEN - 72, CdIFREEMIZHRTK
ERWWEREE L. 2TNIEZ MO D m/z=
0110900753 D — 27 & "'Cd D m/z=110.904182 O ¥ —
JEDERZRYMFERRERE LTEZ bNAA, PCd R MMad

THIRER UHERE BRIk o722 O ERIIBEETE 2
Moz, YbIZDOWTIIRIMEIZRRE I N TV R WA, &
B bNSBRAUEHEREE Lo, THIZOVWTHER
RS Ehorz. MOTHEIZOVTIE, BBURIRIE
REBREE O—FENLL, 7 v bAEBLBEOFEIZ X
BEBIFEAE Lo

3:2 XXOTE, i, LEHOIBABIFF
AFIZBNTT vLKEBRLEOFEIZL 55RO
BOWERANLEIA, AIOATT A BILEMIILEE
HHER SNz, RFFETIE, AFCEINATERRYZ
CDTELRZDHRRIZT B 72D T v {bAFEREH W
HNOs;/HCIOy/HF IZ X Y B REITHI S L & L.
EEWEOGSHTEELLZOTENDI L, BERWV
29 LHEDORHBIRF % Table 4 1277 . %, MHEER
E, OoBBBRARBOSHEIZIZABEL LT DS,
CABRTIBETE W DHEHRIT AT TE v, R
(ND) OBEIZIEE O L LTHod%, ZABETHHH
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Table 4 Analytical results for lower, middle and upper .parts of Welsh onion samples obtained by FAAS, ICP-AES and

ICP-MS
Measured value”
Element Instrument
Lower” Middle” Upper” Detection limit®
wt%"® wt%
P ICP-AES 0.383 + 0.014 0.366 + 0.012 0.433 + 0.015 0.002
K ICP-AES 1.43 + 0.05 1.73 £ 0.07 2.15 = 0.06 0.008
Ca ICP-AES 0.321 + 0.024 0.360 = 0.023 0.566 = 0.004 0.0008
ng/g” ng/g
Na FAAS 99 + 0 113+5 114+ 2 1
Mg ICP-AES 1186 * 93 1169 = 75 1765 * 53 1
Al ICP-MS 8.8+ 0.4 11.3 0.5 476 * 3.4 0.5
Mn ICP-AES 179+ 0.1 286+ 1.6 497+1.0 0.4
Fe ICP-AES 18+1 25+ 1 66 + 2 3
Co ICP-MS 0.12 * 0.01 0.11 = 0.01 0.15 = 0.01 0.01
Ni ICP-MS 1.41 = 0.02 1.14 £ 0.04 1.40 = 0.04 0.04
Cu ICP-AES 283%0.1 2.4%0.1 2.8%0.1 0.9
Zn ICP-AES 29 +1 19=+1 201 2
Rb ICP-MS 3.2%0.0 3.3%0.1 47+0.2 0.4
Sr ICP-AES 14.7 = 0.1 158 1.2 18.3+0.2 0.1
Mo ICP-MS 0.10 = 0.01 0.22 + 0.03 0.36 * 0.02 0.02
cd ICP-MS 0.199 £ 0.016 0.107 + 0.005 0.119 + 0.018 0.003
Te ICP-MS ND? ND ND 0.01
Cs ICP-MS 0.006 =+ 0.001 0.004 + 0.000 0.010 + 0.001 0.003
Ba ICP-AES 3.5+02 46=*0.4 5.9*0.2 0.6
La ICP-MS 0.009 % 0.001 0.008  0.003 0.030  0.002 0.006
Ce ICP-MS 0.012 = 0.000 0.020 % 0.004 0.074 = 0.008 0.002
Nd ICP-MS ND ND 0.030 + 0.013 0.006
Sm ICP-MS ND ND ND 0.008
Eu ICP-MS ND ND ND 0.003
Tb ICP-MS ND ND ND 0.006
Yb ICP-MS ND ND ND 0.005
w ICP-MS ND ND ND 0.008
Tl ICP-MS 0.008 * 0.000 0.005 = 0.000 0.008 = 0.001 0.002
Pb ICP-MS 0.02 =0.01 0.02 = 0.01 0.11 = 0.02 0.01
Moisture (%) 91.0 92.0 92.3

a) Mean = SD (n = 3); b) 10 cm part from 1 cm above the base of sheath; c) White or slight light green 10 cm part from 5 cm bellow
the boundary between white and green part; d) Green 10 cm part from 5 cm above the boundary betweéen white and green part; e)
The units indicate the concentration unites of the elements on the dry weight basis; f) ND: not detected; g) The detection limits

were calculated as three times the standard deviation of blank solution expressed in weight concentration.

SNTVBUEET TRV, RFFETIZHRBRRL
k, P OoBBRARBOGHEDBON - BELERE L
THRILL, WAV,
AFOERHFNCH B 0 RIBA & PERNRITEE
BETH7:012, A FXORTH, TO0LOHXITHE VG
DAL, EHOBRBOTA, ThEN 10 cm DFALIZD
WTD 29 TTEDERSI 21T o7z (Table 4). EHEMIC
AFLEBEOTMDOIZI B TEHOBHWERM L ) DIBED
BWZ ERgh ol I, Al, Fe, Mn, La, Ce, Nd,
Pb TE L2572, Na, Co, Ni, Cu, Zn, Cd R T1 D
WTIE, AFOTEHE L TIZEALBEENS o
oo AFOTEHE LEBE CERBEEZNZITIE, THHL W
BERECEESTYH, FORFIATINATHRBELL
THH LD TES, LaL, BEOBWESHFFEL
VLT 57-00121%, TRREBRISOLEEZERLTT —
YRERTHIVEND LD, ALEBORAFTIESDE

PR, REL TR TE2HME2 RO LENDH S,
ZIT, BRSO THERERICEROATWED, #&
BOBGFORER—FEL T RWERI D, BAZEE
LR, RELTHRMTEALALAFOTHIB LTS &
HRFL, SRR E LA, /2, AFOTFTH 10cm
DEAITBNT, BEIMBBAL 1I2% 572 Na, Mg,
Al, P, K, Ca, Mn, Fe, Co, Ni, Cu, Zn, Rb, Sr,
Mo, Cd, Cs, Ba, La, Ce, Tl, Pb ® 22 JC3& % 547 &
RITHREL 7.

3.3 ZXXRMEMIMNTELAELTOBERUHAE FOHED
BB

MR L BRI LA FICOWTHH L, BT AZET
AFRMIAEFELLTOEZELZRL L, AIPEHLTSE
Y, 1¥H,I1Z Ca, Mn, Fe, Co, Ni, Cd, Cs, Ba, La, Ce,
Tl, Pb THEENR 57 (Table 5). Al X HEOFK S
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Table 5 Analytical results for first and second layer parts from outer and center part and not washed (slightly with
soil) of Welsh onion samples which are from lower 10 cm parts obtained by FAAS, ICP-AES and ICP-MS

Measured value”

Calculated value”

Not washed

Element o Second layer  First layer from Not washed first Whole sample  Washed
Center o o & removed the whole whole
from outer outer’ layer from outer o D) @O
first layer sample sample
wt%*) wt%
P 0.317 £ 0.005 0.205 = 0.003 0.155 = 0.002 0.159 + 0.002 0.291 0.264 0.265
K 1.82 = 0.04 1.47 £ 0.00 1.23 £0.00 1.32 £ 0.02 1.74 1.64 1.66
Ca 0.106 = 0.03 0.206 = 0.008 0.327 £ 0.015 0.373 £ 0.008 0.130 0.168 0.177
ne/g” ug/g
Na 671 61 =14 65 = 12 59 + 2 66 65 64
Mg 640 + 14 358 = 10 315 +£12 369 +9 573 523 533
Al 1402 2.8+0.2 9.4+ 1.8 428 £0.8 1.7 3.2 9.8
Mn 557+ 1.3 63.2 %25 721+238 90.6 £2.9 57.5 60.3 64.0
Fe 17x1 10£1 10£0 25+ 2 15 14 17
Co 0.01 = 0.00 0.03 £ 0.01 0.09 = 0.00 0.11 £0.02 0.01 0.03 0.03
Ni 3.11£0.17 2.26 £ 0.22 2.58 + 0.24 3.10 £ 0.09 2.91 2.84 2.95
Cu 2.7+0.1 0.8=x0.1 0.6 £0.1 0.7£0.1 2.3 19 1.9
Zn 26 =0 22 %1 24 =] 29%1 25 25 26
Rb 8.4 %05 54%04 50*0.4 54+0.1 7.7 7.2 7.2
Sr 3.3+0.1 72%04 10.2 0.5 11.8+0.4 4.2 5.4 5.7
Mo 0.04 £ 0.01 0.02 = 0.00 0.04 £ 0.00 0.02 £0.01 0.04 0.04 0.03
Cd 0.348 = 0.007 0.483 £ 0.031 0.581 +0.021 0.738 £ 0.018 0.380 0.419 0.450
Cs 0.016 = 0.001 0.009 £ 0.000 0.010 £ 0.000 0.015 +0.001 0.014 0.013 0.014
Ba 1.1+0.2 0.0 +£0.2 2.9%0.3 33*0.3 0.8 1.2 1.3
La 0.008 = 0.001 0.020 + 0.001 0.033 £ 0.002 0.048 = 0.006 0.011 0.015 0.018
Ce 0.007 = 0.001 0.019 = 0.001 0.030 £+ 0.002 0.050 = 0.008 0.010 0.014 0.018
Tl 0.042 = 0.001 0.066 = 0.002 0.067 = 0.001 0.076 = 0.000 0.048 0.051 0.053
Pb 0.01 £0.00 0.03 = 0.02 0.07 £ 0.01 0.11 £0.01 0.01 0.03 0.03
Ratio of 0.614 0.190 0.196
dry weight

a) Mean = SD (n= 3); b) Values calculated from measured values of each parts; c¢) Samples from same 25 welsh onions which are
from the same lot; d) Samples from 25 welsh onions which are from the same lot but others than washed smples; e) The units indi-
cate the concentration unites of the elements on the dry weight basis.

D—DThY, Cak FebTHEEHOEREENFHNI Eh
b, RYULRELEZS. Co, Ni, Cd, Cs, Ba, La, Ce,
Tl, Pb M E 5o TUEATE L ENTWHRNWI EHh D,
HERIIEFEELCD, AFICBHT VRSNV
DEEZOLND. 72721, SHAWE A TR, Mo
BEZENFESATRHELCH Y, R-BICIIEEA LT

DERTEINZTHEIIZ, ToEENLETHY,
BIZALICDWTIREEA S OEBE KX T2 LA
Gtz

LR LSl E TOEBITEOEHREDEVTIX, Al
Co, PbiZBWVT, FFONMMDIT) HHLEEL D L EH
EFELIKRED»o7. @M, Ca, Mn, Sr, Cd, Ba,
La, Ce, TIZBWVT, FXDOHNBDIEHAFLEED D
EHEMNKRE o/, —F, P, K, Mg, Fe, Cu, Rb,
Cs TR, AFOHLIBOITIMHNMEI D L EFENAEX
o7z, Na, Zn, Mo X AFOHRLEENBTEERED
EPNEL, RICLBEHEL/NEN o/ Nak ZnllD
WX, AFOTEE LHTOEDNEL, FFLHETYH
—WHEELTVwBEEEZLND,

PEDZ Ens, ALERBEERTHICLY, EBID L
RECREZRELOLEMEDDH L2 0o/, £
7z, Al, Co, Pb, ZOHTHIFIZAIIZOWTIE, 2FD
SR EhOERE CTRENE LS EL D720, MEOBIIAH
B ORI DNz X - T, FUEHTDH BN
RELBRDBURBEDODH D Z L5072,

3+4 FEHFIBIAXXHBOIN
Al, Co, Pb DWW TIE, MUEHMDOAFTHIEREDIE
LDOENREL DHREEDR S N5, SEIE 25 A4
ERHLTEHRLAEDDZREBIILTWEDOT, 208
BN BoTwd EHITL, BICARIMZAF 0N
FEZER LR TIEHNICHBIEE L. B
LEBDPODFFIIOVWTHRRBEDEVOENEZ RS
2D, FFFEBHITHICHEEH L CHBE LTS 158N
L, 33 THMLATHEREL 22 BETHKBEICOVL
T, [EIPE 43 BEH 47 WAk, FEE 3 FEH 15 BIEADE 62
WK ERGH L, EARNLHEHLE % 1T 5 72 (Table 6).
HABH O 50 X 3N E#ERFE (RSD) T, P, K, Mg
13 20% Itk T/h& <, Ca, Fe, Zn, Sr T 35~50%, Na,
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Table 6 Statistics of analytical results for 62 Welsh onion samples” which are from lower 10 cm parts obtained by
FAAS, ICP-AES and ICP-MS

Element Mean Maximum Minimum Median Skewness Kurtosis SD RSD
wt%"” wt% %
P 0.303 0.428 0.164 0.306 0.04 -0.44 0.063 20.9
K 1.70 - 2.77 1.19 1.63 0.90 0.82 0.33 19.0
Ca 0.280 0.533 0.0934 0.254 0.52 -0.31 0.103 36.8
ug/g” ng/g %
Na 59 223 15 48 1.91 4.20 45 75.9
Mg 988 1369 523 996 -0.26 -0.39 198 20.1
Al 4.5 21.2 0.6 3.8 2.52 8.01 4.0 87.5
Mn 14.6 72.4 3.3 9.9 2.71 8.63 13.0 89.0
Fe 18 33 7 18 0.58 0.45 6 30.3
Co 0.03 0.13 ND 0.02 1.50 1.83 0.03 116.3
Ni 1.06 4.35 0.09 0.69 1.42 1.87 0.93 87.4
Cu 3.4 10.5 0.9 2.9 1.44 2.40 1.9 55.6
Zn 28 57 11.6 25 1.06 1.11 9.9 35.8
Rb 6.8 314 1.1 5.6 2.60 ’ 8.92 5.5 80.4
Sr 11.5 28.2 3.8 10.7 0.73 0.27 5.7 499
Mo 0.14 0.78 ND 0.09 2.23 5.88 0.16 115.4
Cd 0.178 0.686 0.019 0.131 1.34 1.82 0.139 78.3
Cs 0.018 0.32 ND 0.006 5.19 26.57 0.056 314.0
Ba 4.0 25.20 ND 2.7 2.35 7.40 4.6 114.8
La 0.010 0.15 ND ND 4.74 27.84 - 0.022 234.0
Ce 0.007 0.04 ND 0.004 1.96 4.34 0.009 122.7
Tl 0.033 0.32 0.002 0.012 3.87 16.37 . 0.060 184.4
Pb 0.02 0.12 ND 0.01 1.51 2.35 0.03 122.9

a) 47 samples were collected from 43 producing areas in Japan and 15 samples were collected from 3 producing areas in Chaina; b)
The units indicate the concentration unites of the elements on the dry weight basis; ¢) ND: not detected

Table 7 Eigenvalue, propotion and cumulative con-
tribution rate of principal component (PC) 4.0 el
. . . 4 A
analysis using 22 elements for 62 samples
A
Fi 1 p " Cumulative contri A :
igenvalue roportion bution rate 20 : - . ao
PCl 5.14 0.234 0.234 A af o
PC2 2.84 0.129 0.363 ~ o 3% 00 S 08
PC3 2.73 0.124 0.487 © 00 % og 80 oo,
o © 0°8 Og Oy o
_2_0 O O O
: ° ® o
Al, Mn, Ni, Cu, Rb, Cd T 50~100%, Co, Mo, Cs, o
Ba, La, Ce, Tl, Pb C100% X H K& Z2>72. P, K -4.0
Mg D& ) BREFRHLS L, HBWITE o TRHERITRITIE -40 -20 00 20 4.0
5D EXANZIVDITH LT, Co, Mo, Cs, Ba, La, Ce, PC 3
T, Pb DX IZEHFEMWL R {, MWL o TRAE S Fig. 1 PCA plot using 22 elements (Na, Mg, Al, P, K,
RTVHEWEEIZFEEICEODEIKRELL kol £HUE Ca, Mn, Fe, Co, Ni, Cu, Zn, Rb, Sr, Mo, Cd, Cs, Ba, La,
; . - , T1, Pb) fi d 15 Chi Welsh
DBRIESHOERES, Liliefors RELZEZS, K, oo | Samgles"r 47 Japanese an inese Wels
Na, Mg, Al, Fe, Sr UM 1% OfEBRETERS A TDH O: Japan, &: Chaina

B EREHSNS. £, P L Mg BAHE@ AR
05 LD KEL, BEALDTLETHBEMIITZ%51<

FATH o7, o770y FCTREELPEERATLOMOELR)HFKRE N
o778 E2ERSEESERFOTUY FTEHLE
3.5 ERDHFICL BEHOHIF gEahnt: (Fig. 1). EE 47 R LTHERE 15 1%

34 THM L7z 2 TEOEARLER, 62 RO KWTH b0, HENTOIELDENE 1 EHRSICHRA
Fr—AL LTEERSIHMZTo4. B1ERTEH PERILY, SoXRoATEELEELESITAE
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Table 8 Eigenvectors of PCs using 22 elements for 62

samples

PC1 PC2 PC3
Na —0.089 0.213 —0.235
Mg —0.105 0.234 0.408
Al —0.049 0.405 —0.130
P —0.135 0.165 0.410
K —0.207 =0.126 0.307
Ca —0.057 0.364 0.024
Mn —0.065 —0.128 —0.217
Fe —0.165 0.367 0.217
Co —0.185 0.159 —0.133
Ni —0.252 —0.043 —0.023
Cu —0.180 0.222 0.072
Zn —0.252 —0.151 0.316
Rb —0.259 -0.103 —0.019
Sr —0.089 0.359 —0.236
Mo 0.053 —0.226 0.307
Cd —0.277 —0.208 —0.024
Cs —0.328 —0.149 —0.130
Ba -0.314 —0.013 —0.108
La —0.243 —0.056 0.024
Ce —0.346 0.010 —0.234
Tl -0.373 -0.172 —0.103
Pb —0.101 0.143 0.189

Byl orkz., H2ERTICHFS LTS TEIX, K&

RIEOBEBXZ PV EFFD AL Ca, Fe, St RUBDOES
N7 PVEFED Zn, Mo, Cd, Tl & £ TH 5% (Table 8),
INHGORNEZTTREEIIHTLIERTE L. BE
EHEEAFOMTERTCEARICE L -HEPR S
n, EHEHFTEBUREARE SN, &Y IEMI
EHRZHHT 5703 PEEOREKEEICLL THLE
Vb, i, SEIZFEOBEILSOFREEAXTEFHW
727:%, FEETLHEOSNZZIEEDIS5ORAFOMEE L 1E
BRTWAWI LITh b, EMHIOMETIE, HEDOH
PLRBABDOAFNRETH ) WRITREKELMETH S
A, BYLBEPAFTE LT NSBEO S EH Y F
BRI THILIITER V. 5%, AR A-TETY
LRRAGHEHDPLDOARAFEAFL, F—F 2 ERTLLE
BH5b.

EEAFRELDNEL TRV BHKESRBERR OMH
BRI E AR OFHEEEMR, AHKL D2 L T4 %
CHER V2V M TR ARRRETER ORBEALTFE

A, JRHE, &I A FOREBH OO OBBTRMNEE ORI & TR 977

EREICEH L ET.
ARG, RAKEE DITEOHISAF RIS [ 4 5 0 B o B
WOl k20 TH S,

X 73
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AXOEMHNZBEMELT, FAFCETID RERTEOGARNEELZRL. HEDHE
(Spinach Leaves & Apple Leaves) 22\ T, 1% HBIZ L 2 Na it #: @ B & & HNO,;/HCIO, &
HNOs/HCIO,/HF (2 & 2 B30 B E 247V, 1% AR T Na Hilthi# & HNOs/HCIO,/HF 53 %
A AXOERTEMTICER L. COFEZHCTAFZHMNCONTLZ LT, ERHINICH25
PRI e LTAFOTE 10 cm O E, WEMRTRE LT 22 uReRELL. ARBHRIZOWT,
Na 37 L — 2B FRESHET, Mg, P, K, Ca, Mn, Fe, Cu, Zn, Sr, Ba ZHFEHEE T 7 X~ BN
¥ T, Al, Co, Ni, Rb, Mo, Cd, Cs, La, Ce, Tl, Pb RFEMHET 7 AVHESTEICLY, EHE
47 AR R O ERE 15 RO A FIZoWT R ERErER L. BONTMEEIIDOWTOERG TN OH
B, [EEE PEEFF OB CEBTEHARICE R > ZEAAR SN, EhEHGITE 5 REEIVRIR S
(WA
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