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Quantitative analysis of trace elements in soil was studied by using wavelength
dispersive x-ray fluorescence spectrometry. In order to obtain the good accuracy of the
analysis, matrix effect correction and all relevant parameters were taken into account,
and then the database for quantitative analysis is provided. The reliability of this
database was tested by making the analyses of both certified soil (MD-1) from
Department of Geology, University of New South Wales, Australia and some
international standard reference materials GXR-1, GXR-2, GXR-3, GXR-4, GXR-5 and
GXR-6. Furthermore the semi-quantitative analysis of trace elements in MD-1 was
done. The results revealed that the database for quantitative analysis is improved to

give much more accurate analysis than that of the semi-quantitative analysis does.
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‘ﬁm : Bertin, E.P. (1970). Principles and Practice of X-Ray Spectrometric Analysis. New

Jersey : RCA Laboratories David Sarnoff Research Center Priceton. p. 61

’ ﬂ:l‘ (3 v o P ]
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IRUazead — 'D"WJ 0N (O
8-0 0.08 -
29 - Cu 0.40 -
42 - Mo 0.75 0.07
62 — Sm - 0.19
92-U - 0.45

ﬁu’l : Bertin, E.P. (1970). Principles and Practice of X-Ray Spectrometric Analysis. New

Jersey : RCA Laboratories David Sarnoff Research Center Priceton. p. 62
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6. N1SLABILUNYBISIRLIANT (X-Ray Diffraction)

A oo & P N & &g @ a edd o
WaNIFandannIenUNANITAANITIRYILY  MTRILULYAITIRIONTRIUNY
miasssarvaslasonin deazaaululasmdnGesdrnuatinlissdioy uazvnaving nu
SsFandntwa ldanneenulasndnudasruasinsaeianaanin  LaSUNINEaANYK
' Y. A’ . . =3 ! A' °o O =3 A’ et
a7 ld i siauaiun (Diffraction) lundniiadn fedmaglunisiiamaBeauuaasiow
e Y A
landUuagnuanEaIlsznIhe
' ' 4 A @ av A @
1. SzUswNTER I TRasaauian IndlA BN LA NEIAEUTRITIRIaND
o dal o ad g o o Y v & o a Y] o
2. SIENANNIENY SIFNRLULY (SIRFYOK) URLIFUAIGINAURINUIITABY
aguj'l.us:mmﬁmﬁ'u
A ' a | a & o o el a
ull 1912 wysnd (W.L.Bragg) atunuifzanunmsiieiunaeIiimandgnil
4 a_da . d «
ANMUBIAABLAL G lasnEnfliszuziisizniielaseandng (Lattice) Nuvnauiiuszoz d
LLaxmnns:nuTmﬁwu 0 NURAINEN asnTWUIzNaL 9

ACB =24 sin8

2_. lo 4/2'
l
—ol &

J e A s A ] e/ Q 6‘: =
mwdsznay 9 LL'ﬂ@\‘lﬂ’]iLﬂE.I’JL]J‘WUENLﬁu‘NﬂLaﬂ‘UL&lE]N’\%L‘Il’lvlﬂil\‘l’ﬁuﬂﬂﬂ aunHUa

(3
WUInNn

o
741 : Schlotz, R. & Uhlig, S. (2000). Introduction to X-Ray Fluorescence Analysis (XRF).
Karlsruhe : Bruker Analytical X-Ray Systems. p. 24
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AC+CB = ni
AC = CB = dsind
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v o

d a . A & [
\WeFiFandimsunangaauuuiady (Constructive Interference) iy 6 % azld

nA = 2dsinf

lag n usevansUaINsUNINFaaLdwaUdMINLGY 1,2,3,.... \uldarunw

dsznay 10

SV N Y

NN 10.1 1% order reflection: A= 2d sin NN 10.2 2™ order reflection: 2\ = 2d sin 6,

a

& d. o ada o ) e @
nMwysznay 10 LLﬁ@Nn'ﬁLﬂﬂnluu‘lul‘!&'ﬂ@]'}\’ﬂu’ﬂﬂ\'ﬁ\‘]ﬁﬂ”ﬂfﬂ&lU']']ﬂaulﬂ']nu ﬁ'].l“

a Lo v A
LNAUAVUDINITUNINRDAN 1 LAz 2

wn Schlotz, R. & Uhlig, S. (2000). Introduction to X-Ray Fluorescence Analysis (XRF).
Karlsruhe : Bruker Analytical X-Ray Systems. p. 25
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7. BHAYDILATDIINATIZIN N5 R NS

s neimamiiiendiioalilaoa R 2 e léun
1. 138981090 UUUNTZALWEI9% (Energy Dispersive X-Ray Fluores-
cence Spectrometer) %38 EDXRFS
2. m‘%aaﬁa‘iLﬂﬂ:ﬁuuuns:mymmrmﬂﬁu (Wavelength Dispersive
X-Ray Fluorescence Spectrometer) w38 WDXRFS

= A a ¢ [
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Computer
Detector To ultict | )|
Power Lig. N Multichannel ]
Suppl N Analyzer Data Output
PPy Dewar
l Display ’

MWUTENaY 11 LRAITEUUIATIEAMTINITIFONTUUUNIZIIWRIN

N ualn BUTANT URTBNT INTTEA. (2534). Principle and Techniques of Instrumental
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Sampie.Spectiometer crambe:
separaton foil

A Collimator mask
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Scintiilation counter

X4ay tube
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mwilszney 12 usasgaguninliniasiienzimymidlendsianszansanueiniu
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‘ﬁlm : Schlotz, R. & Uhlig, S. (2000). Introduction to X-Ray Fluorescence Analysis (XRF).
Karlsruhe : Bruker Analytical X-Ray Systems. p. 40

7.2.1 iaaasidans

Hwundsiufiaisfeonduguni (Primary X-Ray) & wiunszduansad
a9 faulsznaufidndyleun dnaan (Cathode) Tamaaa (Anode) Falidwmiih uaz
WINAINaaa (Exit Window) mam”aﬁﬁﬁﬂu‘l'ﬁag'luﬂa?ﬂ'uﬁ 2 7fia fia

1 siantaaIwTNY (Side Window)
2 Fianua19e%Uae (End Window)

1 HABATIRBRARUIAIIAIWDII

= o 6 s o Qs =l
fanwuzvasgUnsoldamndszney 13 fnannavhoude lasns
-1 Y A [V L P 5 ot
isBiinaseuinldnasaualnafivhwioudrgithualua lasmalfulame (Voltage)
o LY ] s = J 1 ﬁ‘: n.y/ ,J a 9 n‘: o vV a
wlaUSulkflanudedndifatussnietinizes  Wadidnasawdnrutiueluarldifie
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N1 : Schlotz, R. & Uhlig, S. (2000). Introduction to X-Ray Fluorescence Analysis (XRF).
Karlsruhe : Bruker Analytical X-Ray Systems. p. 7
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ﬁm : Schlotz, R. & Uhlig, S. (2000). Introduction to X-Ray Fluorescence Analysis (XRF).
Karlsruhe : Bruker Analytical XI-_R‘ay» Sy_stems._ p.8 =
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(keV) (nm)

Rh Kg 20.214 0.0613 Tududvy (Mo)

Rh Koy 20.072 0.0617 Tududvy (Mo)

Rh Ky 22.721 0.0546 Jidien (Ru)

Rh Lais 2.694 0.4601 Tainas (S)

Rh Lg, 2.834 0.4374 AaaIw (Cl)

ﬁm : Schlotz, R. & Uhlig, S. (2000). Introduction to X-Ray Fluorescence Analysis (XRF).
Karlsruhe : Bruker Analytical X-Ray Systems. p. 9
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LIF(420) Lithiumfluoride > Co Kp 1 0.1801
LIF(220) Lithiumfluoride >V KO 1 0.2848
LIF(200) Lithiumfluoride > K KOL 1 0.4028
Ge Germanium | P,S,Cl 0.653
InSb Indiumantimonide Si 0.7418
PET Pentaerythite Al-Ti 0.874
AdP Ammoniumdihydrogenphosphate Mg 1.0648
TIAP Thalliumhydrogenphthalate F . Na 2.5760
OVO-55 Multilayer [W/Si] O -Si (C) 55
OVO0-160 Multilayer [Ni/C] B,C 16
OVO-N Multilayer [Ni/BN] N 11
OVOo-C Multilayer [V/C] C 12
ovo-B Multilayer [Mo/B4C] B (Be) 20

ﬁm : Schlotz, R. & Uhlig, S. (2000). Introduction to X-Ray Fluorescence Analysis (XRF).
Karlsruhe : Bruker Analytical X-Ray Systems. p. 27
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879 (ppm)
GXR-1 GXR2  GXR-3  GXR4  GXR5  GXR-6  (ppm)
v a 80.0 52.0 42.0 87.0 56.0 186.0 5.1
b 78.6 56.9 40.7 88.1 56.6 185.3
c 1.8 9.4 31 13 1.1 0.4
cr a 12.0 36.0 19.3 64.0 101.0 96.0 33.9
b - 29.8 % 68.2 103.2 96.1
c - 17.2 - 6.6 2.2 0.1
Co a 8.2 8.6 46.0 14.6 29.9 13.8 2.7
b 9.4 10.6 46.0 14.3 28.4 14.1
c 14.6 23.3 0.0 2.0 5.0 2.2
Ni a 410 21.0 60.0 42.0 75.0 27.0 1.8
b 42.3 274 59.3 42.9 725 29.9
c 3.2 305 1.2 2.1 33 10.7
Cu a 11100 76.0 15.0 6520.0 354.0 66.0 6.2
b 11058 85.9 17.9 6414.2 338.8 79.2
c 0.4 13.0 19.3 1.6 43 20.0
Zn a 760.0 530.0 207.0 73.0 49.0 118.0 26.1
b 766.3 521.4 2126 765 117.8
¢ 0.8 1.6 2.7 48 - 0.2
Ga a 13.8 37.0 18.0 20.0 40.0 35.0 9.1
b 13.0 37.2 17.2 18.7 38.8 33.9
c 5.8 05 44 6.5 3.0 3.1
As a 427.0 25.0 3970.0 98.0 11.2 330.0 40.0
b 425.6 * 3933.5 103.6 - 301.0

c 0.3 - 09 5.7 - 8.8
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13 (opr) 8179188719 LLD
GXR1  GXR2 GXR3 GXR4 GXR5  GXR6  (ppm)
Rb a 14.0 78.0 92.0 160.0 41.0 90.0 10.7
b 11.8 777 160.3 38.1 89.5
c 15.7 04 - 0.2 7.1 0.6
Sr a 275.0 160.0 950.0 221.0 110.0 35.0 5.8
b 276.8 169.9 944.4 219.2 112.3 35.0
c 0.65 6.2 0.6 0.8 2.1 0.0
Y a 32.0 17.0 15.0 14.0 16.0 14.0 12,6
b 31.8 17.3 15.0 14.1 15.8 13.8
c 0.6 18 0.0 0.7 1.2 14
zr a 38.0 269.0 63.0 186.0 140.0 110.0 18
b 34.8 281.4 60.4 192.0 146.3 116.5
c 8.4 4.6 4.1 3.2 45 5.9
Nb a 0.8 11.0 44.0 10.0 6.7 75 1.7
b - 11.8 10.7 7.3 8.1
c - 7.3 - 7.0 9.0 8.0
Mo a 18.0 2.1 6.6 310.0 31.0 24 1.4
b 16.6 2.7 6.4 306.8 24.7 3.2
c 7.8 28.6 3.0 1.0 20.3 333
Sb a 122.0 49.0 38.0 48 1.6 36 36.7
b 118.5 55.6 37.8 - & *
c 2.9 135 0.5 - > -
Ba a 7500 22400 50000  1640.0  2000.0  1300.0 815
b 7557 22798 49028 17047 20277 13407
c 08 1.8 1.9 3.9 1.4 3.1
Ce a 17.0 51.4 18.0 102.0 39.0 36.0 15.2
b 19.0 50.7 283 107.1 55.6 38.2
c 11.8 14 572 50 426 6.1




A139 4 (68)

18 (o) §1IA20E9 LLD
GXR-1 GXR-2 GXR-3 GXR-4 GXR-5 GXR-6  (ppm)

Pb a 730.0 690.0 15.0 52.0 21.0 101.0 7.8
b 722.6 7035 16.7 50.8 90.0
c 1.0 2.0 11.3 2.3 - 10.9

Th a 2.4 8.8 2.9 225 5.6 5.3 2.2
b - 8.7 -+ 22.8
c - 1.1 - 1.3 - -

u a 34.9 2.9 3.0 6.2 2.07 1.54 1.3
b 2.8 5.5 2.10 1.60

c - 34 3 11.3 1:4 3.9

'
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@139 5 ugaImidenziaddanaspunwnmd lasSonfisunanisiienst

v W a ¢ a o a (AW e
ﬂ’%mmmwL°11u‘uwuawwqmnms‘lﬁ’[ﬂmniumﬂLﬂi’l:m’mmﬂ‘%mmnumﬂmu

ar o) A | AV e [ A y [ - '
myiutas laefl a fle fifilasun1stuses (ppm), b fia drfidale (ppm) , c fa

A
ANUARIALARDY (%)

379 (pr PP DTEN
GXR-1 GXR-2 GXR-3 GXR-4 GXR-5 GXR-6
v 80.0 52.0 42.0 87.0 56.0 186.0
83.7 448 493 72.0 64.5 204.0
46 13.8 17.4 17.2 15.2 9.7
Cr 12.0 36.0 19.3 64.0 101.0 96.0
373 62.6 71.0 183.0 150.0 137.0
210.8 73.9 267.9 185.9 485 427
Co 8.2 8.6 46.0 14.6 29.9 13.8
303 19.1 2460 40,0 50.9 66.3
3595.1 1221 - 4348 - 1740 70.2 380.4
Ni 41.0 21.0 60.0 42.0 75.0 27.0
55.2 34.2 88.8 54.0 91.0 377
34.6 62.8 48.0 286 213 39.6
Cu 1110.0 76.0 15.0 6520.0 354.0 66.0
1200.0 182.0 182.0 6200.0 470.0 171.0
8.1 139.4 1113.3 49 327 159.1
Zn 760.0 530.0 207.0 73.0 49.0 118.0
728.0 554.0 316.0 721 57.1 127.0
4.2 45 52.6 1.2 16.5 76
Ga 13.8 37.0 18.0 20.0 40.0 35.0
9.8 38.6 16.7 20.4 43.1 31.3
29.0 43 7.2 2.0 78 10.6
As 427.0 25.0 3970.0 98.0 11.2 330.0
403.0 20.9 3940.0 102.0 31.9 353.0
5.6 16.4 0.8 4.1 184.8 7.0
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13 (pm) §1IA0819
GXR-1 GXR-2 GXR-3 GXR-4 GXR-5 GXR-6
Rb a 14.0 78.0 92.0 160.0 41.0 90.0
b -* 66.9 71.2 122.0 33.6 67.7
c - 14.2 22.6 23.8 18.0 24.8
Sr a 275.0 160.0 950.0 221.0 110.0 35.0
b 256.0 154.0 987.0 210.0 105.0 376
c 6.9 3.8 3.9 5.0 45 7.4
Y a 32.0 17.0 15.0 14.0 16.0 14.0
b 26.2 24.3 16.3 20.3 18.9 20.9
c 18.1 42.9 8.7 45.0 18.1 49.3
zr a 38.0 269.0 63.0 186.0 140.0 110.0
b -+ 303.0 87.7 213.0 173.0 138.0
c - 12.6 39.2 14.5 23.6 25.4
Nb a 0.8 11.0 44.0 10.0 6.7 75
b -+ 8.6 -+ 4.4 1.2 >
c - 21.8 - 56.0 82.1 -
Mo a 18.0 2.1 6.6 310.0 31.0 2.4
b 12.2 0.8 - 350.0 33.9 -
c 32.2 61.9 - 12.9 9.4 -
Sb a 122.0 49.0 38.0 4.8 1.6 3.6
b 49.1 -+ 32.1 -+ - -
c 59.8 - 15.5 - - -
Ba a 750.0 2240.0 5000.0 1640.0 2000.0 1300.0
b 730.0 2360.0 6080.0 1610.0 2080.0 1370.0
c 2.7 5.4 21.6 1.8 4.0 5.4
Ce a 17.0 51.4 18.0 102.0 39.0 36.0
b 243.0 33.1 191.0 76.6 112.0 33.3
c 1329.4 35.6 961.1 24.9 187.2 7.5
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a1 (o) © @Iy
GXR-1 GXR-2 GXR-3 GXR-4 GXR-5 GXR-6

Pb a 730.0 690.0 15.0 52.0 21.0 101.0
b 704.0 688.0 235 55.7 15.4 89.3
c 3.6 0.3 56.7 7.1 26.7 116

Th a 2.4 8.8 2.9 225 5.6 53
b 28.0 - - 56 > S
c 1047.5 - - 75.1 - -

u a 34.9 2.9 3.0 6.2 2.1 15
b o5 4 P g - ~ R
c 27.2 - - - - -

RNIHLNG ©
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s (3 o a L3 o [l AV e
A1 6 URAINENITUATIEHRIANUINEIANVYRINITIATIENRITAB LY MD-1 Y]VI.GWU

N13IUTAIIN Department of Geology, University of New South Wales NINUQ 5 02

' P a v W % Y P
a3 I@ULlr%ﬂULﬂ HUNINTII Lﬂi’]:ﬁﬂ%u’]mﬂ?quL‘llu’ﬂu’ﬂaﬂﬁ']@linﬂﬂ’]{lﬁﬁqu’ﬂE]Haﬂ

U J Qs 1 Sil e et
FIWVBAUAN YIVL@I?U n137uas

Furnanududuzessiaatine MD-1(ppm) AUS RE
£16) SD
Yo 2 3 4 5  Aedw (ppm) (%)
vV 1701 1659 1713 1710 1750 1707 3.2 172.0 0.8
Cr 2382  217.9 2444 2413 2442 2372 111 240.1 1.2
Co 314 31.9 30.7 30.6 30.1 30.9 0.7 31.6 2.1
Ni 757 74.3 76.3 77.2 78.0 76.3 1.4 77.8 1.9
Cu 375 410 412 47.7 51.5 438 5.7 436 0.4
- - - ) - - - 77.9 -
Ga 245 22.6 23.7 24.9 24.0 23.9 0.9 19.4 23.4
As  16.0 - - 15.0 23.0 18.0 4.4 10.8 66.6
Rb 2810 2808 2781 2755 2826 2796 2.8 278.9 0.3
Sr 2566 2564 2610 2600 2584 2585 2.0 5241 507
Y 123 12.2 12.2 12.2 12.2 12.2 0.0 19.3 36.7
Zr 3238 3229 3292 3260 3262 3256 24 330.7 15
Nb 194 19.4 203 20.0 19.9 19.8 0.4 19.8 0.0
Mo* - - - - - - - 2.8 -
sbr - - - - - - - 0.8 -
Ba 6332 6192 6366 6123 5538 6110 335 6916 116
Ce . 1202 1148 1249 1161 1068 1166 6.7 108.4 75
Pb* - - - - " - - 21.3 -
Th  13.0 12.0 - - 12.0 12.3 0.6 19.0 35.3
Uu 35 3.6 1.0 15 24 24 1.2 7.4 67.6

A oA
'ﬁ&nﬂlﬁﬁ‘l : SD fAg ANVEILLUIINIZU

A ' P
RE fa a1 U801

1 A LA av
AUS fa dniasunsTusas

* udayaliaansndianeild
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A s o a '3 o ' AV v
A9 7 UWRAINANTIIILATIZRRIANULTISIATIUBINTTUATIZRRIIAIB LN MD-1 Y\vl@ﬁll

o ¥ o
N137U7829391n Department of Geology, University of New South Wales N\WUa 5 @7

algN I(ﬂ pTBufisuNamyI Lﬂi’]:ﬁ‘lﬁu’] HAMULTNTUY Bx‘lﬁ"l@l’ﬂ]"l n mﬂ’&’[ﬂmnm

s € n A L v 4N e a
ﬂ'ﬁ'}Lﬂi’]:ﬂL‘NﬂGﬁwﬁmﬂﬂﬂ’lﬂvlﬂ?ﬂﬂ’ﬁiﬂiad

Funaumndnduaesfiangne MD-1(ppm) AUS RE
101 , SD
1 2 3 4 5 Aaae (ppm) (%)
V 1500 1640 1810  139.0 1590 1564 9.9 172.0 9.1
Cr 3150 2870 2850 2870 3050 2958 135 2401 232
Co 1030 1070  60.1 79.6 71.1 84.2 20.3 316 166.3
Ni 768 78.2 81.0 80.5 88.4 81.0 45 77.8 4.1
Cu 1590 1490 1520 1510 1440 1510 5.4 436 246.3
Zn 942 76.1 69.9 715 69.6 76.3 10.4 77.9 2.1
Ga 207 207 15.6 212 15.6 18.8 2.9 19.4 33
As - - 23.0 - - 23.0 - 108 1130
Rb 2150 2180 2170 2150 2180 2166 15 2789 223
Sr 4800 4620 4680  470.0 4740  470.8 6.7 524.1 10.2
Y 331 34.4 32 33.2 334 3322 0.8 19.3 721
Zr 3440 3440 3460  340.0 3460  344.0 2.4 330.7 4.0
Nb 211 203 15.2 17.1 18.4 18.4 2.4 19.8 7.0
Mo* - - - - - - - 2.8 -
Sb* - - - - - - - 0.8 -
Ba 5880 6080 5940 5950  567.0 5904 150 6916 146
Ce 527 1420 1140 764 2540 1278 784 1084 179
Pb 203 225 19.1 237 36.1 24.3 6.8 213 14.3
Th 46 7.2 11.3 - 7.2 7.6 2.9 19.0 60.0
u* - - - - 6.7 6.7 - 7.4 95
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