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Determination of Inorganic Trace Elements in Wood Materials by PIXE Method

H. Kofujita®, H. Watanabe™*, K. Sera***and S. Futatsugawa®***

1. #&

il

MV T DOEIEIIB T, BARPOMBERETRIEREA 20 F LRV EEE RITT I L
MOENTVD, BIZE, BETA o~ DL 2B A IV Ty LAOERE - Bl OBESEIC L

BFEEA GRS OaRET ISR T I LAY, FICHKO 7 0 — X FMEATEE
ENDHEIEEIREY (D)o ZDED, HBTOMBETLEOSHERARDL I EIZI VR
BEROEYIRIZEE L TOBREHVZHAD R ENTYDE (2), T/, KENA 4 X% 1
LT AN F - HERICIE, BORPOMBESGPARIK E LCHEB 8525, 20X &Kksy
OFIHD BV IFBEENBEO M T 5 L TEOMBEHL ML TBL I EEEETH S,
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2. EB

2.1 BB

BFREMBHEMEBARICBCCRIEL 727 7 <Y Pinus densiflora, 51 T <7 Larix leptol
epis, A X Cryptomeria japonica, 7 Fagus crenata, 3 X F J Quercus mongolica var.
grosseserrata D SEIFEOEM EZHBE LTIV A L =3IV EHWTHFEL, 40~100 meshiZfi
L7z BEIZOWTY, ELZOL, W - 4K 2 &b CRBISHT - @55 L 72,
2.2 T

W EE00mg (FRES) LRV Y RICELY, BREF L H W -T600°C TomRREINEL L T
Bre Rt L, RACROFE 2 R aER10 mlIC@Em L7z, BEIC>WTiE, MR A TR
W2 TRIEWTE b o 72720, UTORMERITo /oo BIEHHEZ60 mg (FHERE)
ZEEHIZTS00CTIORRAI L 72D b, IR ICOINTEEEZ 3N TI00CHF — 7 ¥ T
RSB L, BUBSKIFIZTS00C T 2HAM LA, S50, B0 kAbEE RS
L URERR T £ EN05 ml, 15 ml MATHEML, 752N T 7 FPIl—iiE L
7o (FEARLHE)
2.3 o

JEFUGEE T & B 404 id HSL170- 10 OB e e R i &L 0, B E AR L 223U E v
THTV, FOERLRESE S L IZCaB L UM E*EH L7, PIXEGHIERAAET 1V
F=THESLCHEEY M subor by s — (NMCO KBV TITo k. Emidink vz
HEHEE IS L DAT, IRIEATOFE300 mghcxt LT100k g& 54 £ iZInk L 720 507
=4y bE, REERER) 708 Ly 70 VA RIS T - BT A2 L2 D
L7, MEESNLF~F ENMCCOY AT LT TS 54 [SAPIX] (7) T L CilEx
L7z,

3. HMBRBLUEE
3.1 SR B

LEOBEEZFRIT BT b4 ) BE, HIVEETEBRAOMEOERE I >V THRETT
b7z, F—O7 I EE T s EIRE L, #nEhelib L CHRE L A% T AV CPIXE
GHEITIE DI, BEOLIIIERENATVEF—F OB LT 72, BEEHPHOKX
o logt#Eld K, Na, Mg BLUAITH Y, #nFhoTiiis (CV: Coefficient variation)
B A0% TR BHEIE oA, ZOMOTRICE L TEaMh RIF 2R 5 507z (Table 1),
PIXEETIHEFHESOBVWITED /Sy 7 755 v FHESEL, —~FRED T CEERLEE
PHEETHLZ DL, TOLILHERIILo7b0EEZLNL, BHOZ EiE Caliow
THhbHTEE 525, BARMETEMMOBEEITLRITH N TCaENTE L (HBWVY, LY
REOBWIFFTREEbN s, FFIOGEICL DS Nl 3) Lol Tid,
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Table 1 Reproducibility of determination of metal elements in Sugi wood by PIXE
analysis (pglg)
No. Ca K Mg Na Si Sr Fe Mn Zn Al Cu
704.7 455.0 358 208 119 687 492 110 142 204 140
659.5 1414 1144 683 143 637 481 133 110 846 1.28
905.1 166.0 849 698 104 603 673 126 118 2.00 137
866.5 1589 550 428 134 628 426 1.18 121 343 1.36
5 9274 1542 1047  83.8 88 601 490 127 126 206 127
Mean 8726 2151 79.0 571 117 631 512 123 123 360 1.33
SD 99.8 1344 331 251 22 03 0.9 0.1 0.1 2.8 0.1
CV(%) 11 62 42 44 19 5 18 7 10 77 4
Ref. 6060 771.0 925 854 - - 681 203 165 - 1.21

SD: Standard deviation, CV: Coefficient variation

B N A

Table 2 Determination of Ca and Mn by PIXE and AAS analyses

(o)
Sugi wood Buna wood
No. PIXE AAS PIXE AAS

Mn Ca Mn Ca Mn Ca Mn Ca
1 705 1.10 1079 1.16 1089 52.0 979 67.6
2 960 1,33 1047 0.74 1156 58.0 918 69.7
3 905 1.26 1118 0.86 1169 57.0 870 72.2
4 866 1.18 920 0.76 1155 54.0 868 654
5 927 1.27 836 0.97 1186 57.0 913 67.5
Mean 873 1.23 1000 0.90 1151 55.6 827 68.5
SD 100 0.08 106 0.15 37 2.2 40 2.3

CV (%) 11 7 11 17 3 4 4 3

SD: Standard deviation, CV: Coefficient variation

K#ha ) flnflie o722 L2 EnT, HEOECD STE SN L BMOEHOMME K&
SR BODE LD -T2,

3.2 FEFUOLEL OE

R (AASHE) TESICHETEAMETTEDOLH,T, BIARFOEHEI DS
Cab &HEDVIEFHIZD A DME R E LTAEB L7 FOBM b OBERIEL,
PIXEETHL NI R LI L 72 (Table 2), FNENDOILEIIOVTOERDFHHEMEZ I
By as, WFROTHEICBWTHPIXEETH O NMEOLIREIEAASE LSS LI
FRLUTTHY, SWHEICH L TREOLWHIENFTiEE Bbh b,

gz, &7 OPHEOLBIC BV CRMEEETETOERSROONIZ L2 b, S

MBS NHBREIEICA, M T RIICBWTH098 LLEDfEE 2 b, PIXEiLE AASH:
EE VBRI D Z EERR S N, TRENOPEEICE VAL NS HIEIZE L T,
&7ay POMHEOM (Ca 093, Mn; 0.79) 25CaldIZIFFEMETH S & AAL 51570,
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Fig. 1 Relationship between PIXE and AAS on values of Ca concentration
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Fig. 2 Relationship between PIXE and AAS on values of Mn concentration

MnTIPIXEETH LN AHEPFAASED b D L IR L THETRL o tee &8, &R OF
YRR R T A &, CaldPIXE#®6203ppmiZxt L TAASHE TIE5915ppmTH ), MnidPI
XE#ED 11 74ppmilad L TAASETIZM485ppmTH o 72, INHLDOFER LD, PIXEEIZLD
BoNEEHEICWESNAAASHEICL D F— 7 LT ABICEFE»LECHL L H
b b )s, PIXEFEHRMTCHETEOBREOBVEFMT HI1I0H 2o THEICHERE L 2w
TSNS,
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3.3 IMB X UBEBEOGH

EE 5 B DI B & OB D W CPIXESHTIZ & D IRHEIEATEHOTTR e & L
TEREZAT > /28R, SINEOWREIBE TR TREIBEBICRECER > TWDIIY LT, 2
MR TREBR—E DN TH o7z, L72zh o TUMICBL TR, WEEITozTRIIOWT
DTFOICGETHIENTRTH o720 BL, 2 2 TRIACAEIZ E b 7% ) BEERIE
LWIEEEITTHRIL, WS oipit L Tna,

Ih—7A L aTOBRBEIIEENICHESE $ppm~EJTppm)
Ca, K, Mg, Na, Mn, Si, Fe, Al, Sr, Cu BL U Zn
=78 ETORMIIHE SN 72RO THE (0.01~1ppm)
V, Cr, Rb, Nb, Mo, Hg BL T Pb
T h—T7C . —EORE IR & 72250 CitE (0.01~1ppm)
T BLUTY
TNh—=7D &{B SN Gro72b 0
Co, Ni, Ga, Ge, Pd, Ag, Sn, Sb, Cs, Ba, Ce, W, Pt BLU Au

Table 3 Determination of metal elements in stems of trees by PIXE analysis

(ug/g)
Element - Species -
Sugi Karamatsu Akamatsu Buna Mizunara
Ca Mean 873 471 759 1151 564
+SD 100 18 66 37 92
K Mean 215 517 173 522 1089
+SD 134 151 92 327 373
Mg Mean 79.0 150 97.9 309 112
+SD 33.1 23.1 35.5 47.6 46.8
Na Mean 57.1 58.3 53.7 376 65.6
+SD 25.1 18.6 18.3 7.5 33.1
Mn Mean 1.20 67.2 31.3 55.4 314
+SD 0.1 2.5 15 2.4 3.0
Si Mean 11.7 34.5 185 23.2 14.1
+SD 2.2 9.7 8.3 4.9 5.8
Fe Mean 5.12 13.1 8.66 12.6 18.2
+SD 0.94 5.04 2.02 0.82 1.75
Al Mean 3.60 17.9 10.8 2.34 3.80
+SD 2.78 6.61 8.46 1.67 3.82
Sr Mean 6.31 5.65 521 6.42 3.81
+=SD 0.35 0.42 0.50 0.60 0.19
Cu Mean 1.33 1.38 2.20 1.58 2.25
+SD 0.06 0.14 0.22 0.16 0.26
Zn Mean 1.23 5.75 4.86 2.55 1.73
+SD 0.12 2.84 0.71 0.48 0.64

SD: Standard deviation
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Table 4 Determination of metal elements in barks of trees by PIXE analysis

(rg/9

Element Species -
Sugi  Karamatsu Akamatsu Buna Mizunara
Ca Mean 10844 2279 8112 25317 26353
+SD 844 429 636 2211 3006
K Mean 1640 923 1066 1835 1444
+SD 172 159 128 130 231
Mg Mean 3415 144.0 3054 1855 249.3
+=SD 173.6 37.2 52.2 21.5 56.9
Na Mean 88.7 96.1 133.2 102.9 237.6
=SD 46.5 34.2 59.7 22.6 50.6
Mn Mean 10.0 251.3 1136 303.2 322.0
+SD 0.9 44.5 9.2 19.8 36.0
Si Mean 42.5 64.0 76.3 180.4 79.3
+SD 20.1 8.7 33.3 66.7 23.7
Fe Mean 99.05 67.22 104.58 67.22 50.54
+=SD 17.42 12.23 1147 7.72 8.40
Al Mean 63.48 72.18 206.26 37.06 91.84
+SD 35.65 22.03 43.87 13.86 8.95
Sr Mean 26.67 27.94 31.71 90.24 92.91
+SD 1.46 5.43 2.92 8.70 6.05
Cu Mean 4.85 6.92 418 4.88 11.76
+SD 0.56 1.52 0.94 0.92 1.65
Zn Mean 11.16 32.23 29.90 6.07 7.33
+SD 0.34 12.84 5.67 0.99 . 0.94

SD: Standard deviation

BB LUBEIZOWTHH 21T RO LN T A— FAIIGHENIZ L DIZD W T
BoNF—y 2 FNFNTable 3 BLU4 ITRLA, —#WIZCa, K B LU Mgldmish
WIBWILEILEINTBY, EEELLIRFEBELEETLETH 712205, Wi b i
WWEDE AL Tz, BICCaldtit e O S RS ER IS, AH O S 1%
DIETE TN TV, BEOKGEMBIIHELTEETH L I LDPMLN TV S, Wi
BICIECat A ROENKESBE LTV ALDEEZ NS, %5, K, Mg, Nab L FAID
SERMICELTIEEEL LTF 5 2R L7, BICE~7 & S IS ER Ok Enwio,
LV EMREEMS -OIEHNONEEEHVZLESHH LEDNL,

Bl &1z, PIXEERH WA Z LI L V2 &CARERBOZITTHESIT 2 Rd O fl
ﬁV”ipk#T%Téoto*fﬁiMTﬂﬁr@%wm&f%?Mbaﬁwﬁﬁwmﬂk
M LCHEHALEBLDOT, LRERGGIFLEL SNAEAIIBWCREF CERE» H
EZHND,
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Summary

The analysis of wood materials for the determination of trace elements by particle in-
duced X-ray emission (PIXE) method was performed. Sap woods and barks of Japanese
five tree species (Akamatsu, Pinus densiflora; Karamatsu, Larix leptolepis; Sugl, Cryptomeria
Jjaponica; Buna, Fagus crenata; and Mizunara, Quercus mongolica var. grosseserrata) were ex-
amined. Relatively large amounts of Ca, K, Mg, Na, Mn, S Fe, Al Sr, Cu, and Zn were
present. Trace amounts of V, Cr, Rb, Nb, Mo, Hg. and Pb were also present in all the
samples. Co, Ni, Ga, Ge, Pd, Ag. Sn, Sh, Cs, Ba, Ce, W, Pt, and Au were not detected from
sap woods, but some of these elements were present in several barks. In general, the
amount of each metal element in the barks was higher than that in the sap woods. The
data obtained by PIXE analysis showed good reproducibility with the exception of K, Mg,
Na, and Al Regarding the Ca and Mn concentrations, values determined by PIXE and

those determined by atomic absorption spectra showed a strong correlation.





