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The analytical accuracy of suspended particulate matter (SPM) on a filter was investi-
gated by a wavelength dispersive-type X-ray fluorescence spectrometer in both an empir-
ical correction procedure method (EC) and a fundamental parameter method (FP).
SPM samples were collected on a membrane filter with a low-volume air sampler. In
this work, we analyzed 15 elements of 103 samples and investigated the accuracy of these
quantitative methods in comparison with the measured values by AAS and IC. In the
case of EC, a very good agreement could be confirmed for 10 elements (Ca, Ti, V, Cir,
Mn, Fe, Cu, Ni, Zn, Pb). The correlation coefficient was 0.89 to 1.00. Also the matrix-
effect correction was made better a correlation for 4 elements (Na, Mg, Cl, K), Though
Al was better without any matrix-effect correction. In case of FP, the samples were tre-
ated as thin-layer samples, they were equal to EC in analytical accuracy, judging from
the repeatability. On the other hand, samples were treated as bulk samples, the accura-
cy concerning which was aggravated. The average of the correlation coefficient made
worse by 0.17 points. In addition, the management accuracy of the equipment, a sample
for standardization of the instrument was prepared with poly-vinylalcohol and active car-
bone as a carrier. The coefficients of the variation of the X-ray intensities of the ele-
ments were less than 7.5% for measurements under 12 different dates during 12 months.
This sample could be used for the standardization of the instrument for a long time, judg-
ing from the repeatability. '

Keywords : X-ray fluorescence analysis; multi-elemental analysis; suspended particulate
matter; empirical correction procedure method; fundamental parameter
method. '
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Table 1 Elemental composition of synthetic calibration sample of XRF for SPM (Unit: g)
Categoly Element Na Mg Al Si Carrier Carrier Carrier agztl?rlx t
| Compound NaNOs MgCly6H;0 ALO;  SiO (NH,),80,  Active  Poly-vinyl
poun: 3 MVIgLlaOt 28 2 4294 carbone alcohole
Amount 4.4475 0.1196 0.5687 2.7803 9.7117 35.1462 30.1919 35.1462
Element K Ca Ti v Cd
2 Compound KNO;  CaCO; TiO, V,0s CdCOs (NH,);80, ~ Jctive  Poly-vinyl
Amount 0.0145 0.0325 0.0017 0.0002 0.0004 2.8694 8.7274 8.7377 8.7278
Element Cr Mn Fe Ni Cu Zn Pb
5  Compound KyCr,O; MnO; Fe,Os NiO CuCl ZnO PbO  (NH,),80, Active  Poly-vinyl
. Amount 0.0023 0.0522 0.0000 0.0058 0.0000 0.0001 14.6829 12.0133 14.6829

0.0026
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Table 2 Correlation coefficient of calibration curve for XRF

Correction Na Mg Al (] K Ca Ti

V C Mn Fe Ni Cu Zn Cd. Pb

Corrected® 0.91 0.93 0.98
Uncorrected” 0.87 0.77 0.97

1.00 0.88 0.99
1.00 0.82 0.99

1.00 0.94 0.97
1.00 096 0.96

1.00 0.99 0.95 0.99 0.97
1.00 0.98 0.94 099 0.97

1.00 0.99
1.00 0.99

(n=90), a) matrix-effects correction, b) no matrix-effects correction

2+3 SPM O£

SPM #okH, JINATER® 4 HAIRBNT 10pm & v
FO—=AR) 2= AT H Y TS—ZAVYTIFT T 4
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fo. WML A vid, REBHER T LY — e 2
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IC, ZDEPDILHEIT AAS ODFRETH 5.
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Table 3 Range of elemental abundance of SPM used evaluation of XRF
Element Na Mg Al K GCa Ti \'% Cr Mn Fe Ni Cu Zn Gd Pb
[XRF/ug cm™ 7] _
Maximum 153 7.8 31.6 106.8 10.8 37.8 1.38 0.32 084 1.04 364 045 1.20 6.35 0.02 2.05
Minmum 0.7 0.2 0.7 0.2 03 0.7 0.05 0.02 0.02 0.04 1.7 ND 0.03 030 ND 0.11
Average 60 18 74 146 29 6.7 043 0.12 0.15 036 119 014 033 243 — 0.73
Dﬁzﬁml 06 04ND 03 03ND ND 006 ND 00l ND ND ND 004 ND 008
Estimate ++ + ++ + ++++ + + ++ ++ ++ + ++ ++ - ++
[AAS, w%]
Maximum  18.4 7.85 7.46 10.92" 5.34 8.18 0.256 0.120 0.203 0.270 13.42 0.173 0.361 2.57 0.050 1.16
Minmum 0.3 0.16 0.37 0.017 0.25 0.36 0.003 0.001 0.002 0.014 0.84 0.001 0.020 0.09 ND 0.02
Average 2.6 0.94 1.78 3.50" 1.20 2.00 0.085 0.021 0.041 0.089 3.58 0.036 0.092 0.67 0.008 0.22
"Detected by IC. |
Table 4 Correlation and regression coefficient between analytical result of XRF (EC®) and AAS
Correction Na Mg Al C” K Ca Ti V Cr Mn Fe Ni Cu' Zn Pb
@ Correctec® 7 0.85 0.78 0.87 0.95 0.84 0.99 0.91 0.94 0.89 1.00 0.99 0.89 0.98 0.96 0.99
a 1.22 0.98 0.79 0.95 1.00 1.00 0.95 0.73 0.99 1.00 1.07 0.86 1.01 0.99 1.05
‘ b 0.03 0.09 0.00 0.00 0.11 0.06 0.00 —0.00 0.00 0.00 0.00 0.00 0.00 —0.00 0.00
® Uncorrected®  r 0.83 0.72 0.88 0.95 0.97 0.98 0.91 0.94 0.90 0.99 0.99 0.90 0.98 0.96 0.99
a 1.94 2.78 0.93 1.32 1.28 0.97 0.95 0.76 1.01 1.08 1.05 0.85 1.00 1.17 .1.07
b —0.02 0.06 0.00 0.00 0.05 0.07 0.00 —0.00 0.00 0.00 0.00 0.00 0.00 —0.02 0.00

(XRF)=aX (AAS)+b& (n=103), r: correlation coefficient; a: regression coefficient; b: y-axis intercept; a) empiri-

cal correction procedure method, b) measured by IC, c) matrix-effects correction, d) no matrix-effects correction

DT AAS KU IC DOREHR & L 7.
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THREBTELENDD> 1D TOHTH 5.
Tws;vAmomfd,ﬁE%ﬁbam%émﬁé
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PZEERE LS. CORXEBERAB OB BN - BH
ORERNEZZR L 2 BARZICHAL, BE - BExg L
DILFEMEBEREZ XT A —-F—-LLTMAE B, —H, N
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Table 5 Coefficieints of variation of repeatability of samples for standardization

gommple fr  Measurement Na Mg Al Si €l K Ca Ti V Cr Mn Fe Ni Cu Zn Cd Pb

andardization

Sample preparared

by molding pressure Continuous® 0.04 0.06 0.23 0.04 0.13 0.01 0.05 0.22 0.36 0.10 0.33 0.09 0.09 0.07 0.01 026 0.10

into a briquet
Sample preparared

by molding pressure Intermittent® 5.01 4.09 6.55 2.43 2.82 243 352 1.01 7.48 2.11 2.32 3.69 0.95 546 6.88 1.38 1.04

into a briquet

Sample preparared

by vacuum deposi- Intermittent
tion metals

546 3.58 7.88 445 2.75 2.05 340 441 1.79 1.69 149 1.78 2.77 2.08 —

0.23 2.12

a) 3 times during 9 minutes, b) 12 differents dates during 12 months

R X MEBEORE I, FPETRITRIESIETR
DEPITPIPD BT RITEEREL THOWT 5 D FHE]
THB. LU, R&EH SPM IZ1ddH 50 5TTHRPHFLE
U, 2COFTRTEBRBETH0EIEEICEHETCHS. =2
TEHEEBERE (wit%) PEREMOTRITESZ1ZTR
TERABHOT-5E UTHAALZ EIZLT, 16 TE
DEBZEFERICHEEL, ERHICEIE L TV RERSS
DEBEELT—FEULTIMA L. s X HEE % XRF
BEBEANBRO 70T AHAVTERT 514720, HIE
NEWE = BificEmERE (BEEHER) & UK
W, REHEEZ 208 (O) XU 5 BE2HAWREE
(@), XBIERSHE RSV 7 R ERERE) &U
THROFD, RIEARBZ 20 ECcHEHT S (@) =2
DOHETERS 2K U, BL, BEisEERRE L
THOF 12388, ATV T4 —3ER (-
A) &L, RBOExA2MNBEEEE UTRELL.

3.5 REARBOREM

BRERBRBOF—7Z2H\VW5 EC BT, ALARK
EEAER O X BRH IS 20 s REESBETH
5. 22 C45E, EEULZKRERARE2RBAL OEES
MEEET 514720, BB - B0 ELVEIE 2T
WIRIEFHREI E & ORER 2 A Uz, RIEARE O
e WiBERR 0 R URIERF O, X #5RE RSD XU Mic-
roMatter SEHEY)H A EZBRE OWiFEHIER D RSD %
Table 5 IZ7RT. '

SRR OE UBEZANS o, 3 5B TES 3 [
EVSERARBECHEZ{T>72. WThDTRIZOV
Th X SRED RSD 1 0.01% 25 0.364% & /5 0 KE
DT RIFAIERDSE LN, ZOBb R CHEET
o T2 SHRHMERERZE 1L 04% DITCTh o1z, X, Wikind
VRURBEZRANS -0, 9 1EE 128 (91 A/
) EWO KB SBIERT o, BEAEDTET
X MRTRED RSD 38l % Tdh - 7. EXEYEEEHEE

DOBETHLRABLBIERZIT> 1245, 02% »5 7.9% T
Holz.

Wi 2 BIE I B T AEBIFR T RTCOTRTR
HNBEMDH, XRF MMEEHFORELHEEIN,
SEEHOBRERRBESOEH I sV EHEES L
5. X, WiE - B - BE2RoTEMBICDI > TR
EILfERTE . Dby s, REBHE XRF ORIEHR
e UTRIFIERTE B BORlE 25 1.

3+6 FPAIC& D SPM FOSTRARERDIERE
& OFFi '
EC Bi & RRICERER 2 &0 T 89 HD SPM &R
B>, iR X BREI LI ETCERZITY,
15 JLRICDWVT AAS R IC OFER LB L. 20
KL% Table 6 127”7 ‘
BlENSE 2 EERE & U Tl &Y, RIEFZE
Z 20 BAWIEE (O) 1, ZEEpE s BHOS
& (@) LHERU THBEFREXLERREO S TN IS
BB ohiz. FMUYTA, 72 ALAMIEBEGR
Bix 08 LIETELL—HULBERIED SN, EC HE
HEBUTHLZABDSVWIERS CEEBNTE . N
YA, J0L, T NIZOVTIREBESERN 0.03
wt% R THO, EEBTROBFIEVEFROHE
LEENTBY, 2072 HMHEBGREN 0.9 TR 12
EEZONE. ULPLINSDOITHREOEETE, KIEH
B EEC T &, HERK, HRFERELEVRLGN
2. BH, ZEEARCEGEROSTICBLTHNS
h5 FP LTI, 5 BEEOEERE»HHE X MR
EEZROEBEZTH>CEHHBH, 74 08— LD
SPM DERIZBNTIX, 5 BTCEHARTO 2RI 12
EEZB.

X, BIEXNSYE 2 SV sFBE UTHOE- 12584
(@) &, EEHEBZ 20 BLEHLZKLP2PDLT
FEEIRELITE TR 0.17 K< 20, BIC EC BT &<
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Table 6 Correlation and regression coefficient between analytical result of XRF and AAS
Number of
No. Type reference Na Mg Al CI K Ca Ti A\ Cr Mn Fe Ni Cu Zn Pb
samples
@) Thin-layer type r 044 0.75 0.86 0.96 0.97 0.98 0.92 0.88 0.88 0.99 0.98 0.88 0.97 0.95 0.98
. 20 a 1.06 1.08 1.09 093 1.01 1.02 0.91 0.70 1.03 1.00 1.12 2.27 1.01 1.00 1.07
b 0.00 0.05 0.00 0.00 0.00 0.10 0.00 —0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
® Thin-layer type r 0.50 0.78 0.86 0.66 0.98 0.93 0.92 0.88 0.83 1.00 0.98 0.88 0.98 0.95 0.98
: 5 a 1.39 1.10 1.12 049 0.90 1.38 0.94 0.73 0.76 0.97 1.15 2.74 0.97 1.00 1.08
b 0.00 0.08 0.00 0.00 0.00 —0.06 -0.00 —0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01
® Bulk type r 044 0.73 0.65 0.91 0.76 0.80 0.74 0.63 0.74 0.85 0.73 0.58 0.74 0.61 0.66
20 a 0.70 0.67 0.87 0.72 0.88 0.57 0.73 040 0.67 043 0.83 0.83 0.62 0.58 0.71
b 0.00 0.13 0.00 0.00 0.00 0.40 0.00 0.00 0.01 0.02 0.00 0.01 0.00 0.00 0.00

(XRF)=aX(AAS)+b (n=89), r: correlation coefficient; a: regression coefficient; #: y-axis intercept

L7z F 5 VP LOBELRIZZOERSKE D12,
X, BB 08 LI ETLZOERBHAEIZ 1 LV
x<HENTHBD, WMOFETK 30% D LEDOHEN D -
7.

AEER I, K&EH SPM b 2 BERER & LTl &
W, 20 [EFEE OEMEYE % BV CHEER X BRERE Z KD
i, FPEEFAL T TS ES 2R > TE LR
EBNWTEHEEBIE LB D 0wl

4 £ &£ ®

WESEA XRF EEIC L% SPM HOS TRERE
DOEFES % EC RO FPIRTHE L7z, EC HTWEF
P EOTRIZOVWTIIFEICERICEETSE, T b
UL, <AV IR ONTET MY v ARIEET
b VIBRSIIEBEESEL - 2. FP BEREIENEYME
RS UTEuHY, EEEEZ 20 AW S
Hi3F b A, w7 Ay ADAMSHEEEREN 0.8 DL
b, EC MICHEANTRBKOSITER S 23515 W,
HABREOEKOEENEZABLILEI P LVERVE
X TCEEBOWTEXRIE80hots. X, SV 7EE
EUTHOH- 284 1F, HEREEFE TR 017 &
7y, BZETREIFORTYARE» o2, DEE
0, KKH SPM 3k 2 EEEE & U TE D HF, 20
EREEOEEME AV THER X HEE2zRdhiE,

FPEZFAUTCL TR EEI2FH > CEILREEN
TEBEPHEETE -

HEED X HBRERED O ORERARBIZO>VTO
BEbITo 7. SEEEOREAGEE B & OB 3 fEH
Tx, B Ol o TRITHE A2 AT XRF ORERKIE
AaEBE UCHERTE S EMgp ot

B, SEE 100 B EoBZ < ORB 2z 5T
52 &ITkY, XRF OIERES 2#ET U PR EZ R
CRERLTHBY, FRALOIZDICELDMIEED
MEPRETHEEERLD. X, &k, HRULTLES
OB TELEP o T AREEXODVTHERDIERE
SO ETO>OBVTHB.
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