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Determination of Trace Elements in Atmospheric

Dust by X-Ray Fluorescence Spectrometry (I)

X-Ray Fluorescence Spectrometric Determination of Metals in Urban Dust
using Standard Materials Prepared by Spotted Filter
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ABSTRACT

The metals present in atmospheric particulate come from various sources; natural or anthropo-
genic. Among various metals Fe, Zn, Pb, Cu, and Mn are of particular concern in as much as they are
not only present in large quantity, but toxic to human body. A simple, fast, and non-destructive
analytical method for these metals in atmospheric particulate was developed and the analytical details
were described herein. The method involves the measurements of X-ray fluorescence of sample
contained in filters and comparing it with those for standards. The standard filters were prepared by
applicating premeasured standard solution to the filters and then drying. The accuracy of the method
was tested by analyzing standard reference materials and by independently analyzing samples using a
different, previously accuracy-proven method, inductively coupled plasma atomic emission spectro-
metry, and comparing the results obtained. Analytical sensitivities and detection limits of the
present method were 62.9 , 178.2, 82.9, 146.1, 37.2, 120.3 cps/ug/cm? and 39.0, 35.6, 137.5,
1259, 182.6, 72.8 ng/cm? for Fe, Zn, Pb, Cu, Mn, and Ni respectively. The method was applied to
Seoul atmospheric particulate and some results were reported.
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Fig.1 Spot filter

Table 1. Metal contents on each
filter paper for staundards

Contents( ug )

No.
Fe Pb Zn Cu Mn Ni
1 0.000 0,000 0.000 0,000 0.000 0.000
2 0.120 0.040 0.040 0.008 0.008 0.008
3 3.080 1.000 1.000 0.200 0.200 0.200
4 15.00 5.000 5.000 1.000 1.000 1.000
5 30.00 8.000 8.000 2.000 2,000 2.000
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Table?2. Analytical condition for
measurement

XRF spectrometer Rigaku 3070
Target Rh
Voltage 50Kv

Current 40 mA

X-ray tube

Atmosphere in Vacuum

X-ray path

Analysing crystal LiFC200)

Detector Scintillation
counter

Measuring time peak 40 sec

background (0 sec

Table 3. Analytical conditions for
each element

Angle(26)
Flement
Background
Peak
low high
Fe 57.530 57.060 58.040
Zn 41,800 41,390 42.290
Pb 28.280 27.940 28.690
Cu 45.030 44,650 45.550
Mn 63.020 62.530 63.420
Ni 48.660 48,260 49,070
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Table 4.Ef fect of substrate on XRF
analysis

0 " F Y 4 J~

A B C
I Ie Iy L Iy I

Element

Fe 1614 1.667 0.098 0.301 0.076 0.113
Zn  13.59 13.799 0.004 0.725 0.002 . 0.106
Pb  0.001 0.226 0.009 3.85 0.000 0.226
Cu 0.3 0.128 0.054 0.564 0.017 0.105
Mo 0.004 0.027 0.0 0.101 0.001 ©.001
Ni Q.57 1,120 0.087 0.444 0.033 0.101

Unit :kcps

A : sample holder

8 acryl plate (10 mmthick)
C: aluminium cup (3m» thick)

2.07
1.6
1.2
0.8
0.4

Intensity(kcps)

Zn-K,

1
25,000 30,000 35,000 40,000

1 L
45,000 50,000 55,000 60,000 65,000

BRARRZLEE F56 F2H% 1989

28
Fig,2 X-ray spectrum for standard and sample

- 25 —~



3.2 84 A F3Ade AA 33 AR W e

Age} BFEARE FHY ol WF A, 2 dFellA 7} (sensitivity) & FFAlg g
SA7 ge ®ure] ofst g4 ZAwH} Y de B4 XA AE(2d cps) 9t BE
Mz wgszz ay2ed vegRe] NEF 249 w9l Ay DeH(De pg/
matrix7} §4}sbch. ok matrix 2 g2 2 cm?)ol o8 FAME PeEde serz Ao
28 ggtow, wa AgFet e A4 stdot "™ 2 Ase m59 gon, Ked
o) FHuh Abbol o7k wpEbghe) Mol & & B4 X4doz MUy astx 2o o

THEdet, vgRAge T3 Bl ZAXHY
280 4 o] XA 7}=(Peak intensity, I,)elA

1€ 22 HEsk Fohee meh test A
€ o 5 A olde AN} 2ol

-33;,,], 2 821)01 7_]21/(1

oo

4 48 (fluorescent yield)

Table 5. Sensitivities and limits
of -detection

Element Sensitivity dLei‘t?;ictt fofn
Fe 62.9 39.0
Zn 178.2 35.6
Pb 82.9 137.5
Cu 146.1 125.9
Mn 37.2 182.6
Ni 120.3 72.8

Fig.3 The method for background corr

Sensitivity : cps/ug/cm?

ection Iy =1,— (I, *B;+T5+B/) Limit of detection:ng/cm?
/ (B, +B,;) Iy : Net intensity, I,
: Peak intensity, Ip : Background

249 AR g XA A= F73H)
ez gzZdc, ¥, FF4A Pbd A
YL 97 98 AdHez F=r) o L
o}Z ulebgk(Background intensity, Ig)e % Hqe 24 Xdoz Adilgermz gmv)
FPFe wFdc. 1 A% FFAde] HAA Zn, Cu, Nivdx stc},
of wymgdon, i nFez EAste Az WAE QRHo gL 304
Cu, Mn, Nidl s ugdBA & 3= % o2 gL ol &3t kAt
o & Jgg v|AA Hr2 nF FHdF N. 2 Nus + 30%
= vwlgr o] "WHYS Lgich. BAHNE os : Standard deviation of background
Zt(Net intensity, Iy)& 7Fxx =AF = N, : Background intensity of a stan-
A& a2y 43 zen Zhzhe] F&o WA dard
A& r>0.995149 £ & It N, @ Limit of detection
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Fig.4 Caliblation curves for Fe, Zn, Cu, Mn, Pb and Ni
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Table 6, Comparison of XRF results of 4., A 2
suspended particulates with ICP

Sample } Sample 2 i g7 AT vekgs RS XA 3
EL t )
et XRE ICP XRF/ICP XRF ICP XRF/ICP FEAPo g Mrl tHEA A5ty 9 sl
Fe 758 803 0.98 1158 1042 1.11 HH 7 EF0] REAEE AAste] 7 SaA
Zn* 203 235 0.86 408 428 0.95 . h o
—_ = ‘Q_‘
Pb 243 272 0.89 496 481 1.03 & ZHEIZ 7] FHEZ A8 L3
Cu 30 2 1.13 41 33 1.03 O Aexde Ausiegrt,
Mn* k)| 26 1.19 49 40 1.22 “ )
2 A7l vlaz A7 e EwE
NI 31 % 0.84 0 3% 1.1l TollAs WA A el 5w

E=1 = = Hs
Conc, unit : ng/m* NFE AXYN BF AEE FHEA 24§
* measured by ICP-MS o2 7] ®gRxRF9 Fe, Zn, Pb, Cu,
IR L

AegsA AR ¢+ ddce. 4, A

h 2L

=Y AR 21 PEH v 9)sio w1 3°l9
T 71aC T ER HHEA3 o] Haddglate
712 %4 (SRM) 24 NIST No. 1648 7 o A" o7 oA zp 7o) o] A}o]

e Alge FA7E 9k A $eoll 5wl ot Fu)
4% AR AAANZ 2143811 Fe, Zn, Pb,
Cu, MnflzZo] B3 matrixe] B Ao] £3g

NIES No. 8& #¢& ®whyoz at¥s)sle] =
qdie] FAZE 1 REAY wmaeleg.
2 Ade & 73 Feo] wlay A Axsle gt
T 2. W HHAEF) TEA R4

w3l &3 2& FF8ME A2 Fo]o A=z
o]k &3 XAl 2y e o) 7] g Bl = n) 2k g =5 FRAG AB Lol HA
5 Az 34 EFs585Hy s 7
'EL',—“:%AJ‘E"QI _EI_]:}. A]_._. \l"\_?} _f':_zgtgii %_g_ ]'04 ] T AL T -, “]- ° ‘jRa;li
de e AUAS o z2ew X
G salseo $& A44e detdde, 29
W3t ICP-AESHoz Z3% 2Age =%
Table 7, Concentrations of metals in SRMg Z dF sgdervz B owyel o o] BB
159 35488 %3 2 A4Usz 9
NIST® NIES®
Element — 5 - 5 A B4 4 ASS HAF 5 AN
Fe 391000 1100 3695 2141 4850 £500™ 420 +44
Zn 4760 140+ 45174243 1010 £ 40 1008 +-2%8 0] =22 1989 EHr sk 3Rich 2X7|x%
Pb 6650 80 6373 383 23+3 221 7 of o =
XNA( 2z 42 ) 22 o|R0{HE
Cu 80927 663119 67 %11 6742 a7 C2rdz) IS,
Mn 80 * R7£39 75+ 6.6 671 (HZHST "89. 9. 4)
Ni 82 %3 80+ 19%04 20 %3
Conc. unit : ug/g - - -
a : National Institute of standards and Techno- Q 'T,— o Ei

logy(formerly National Bureau of Standards)
b : National Institute for Enveronmental Studies 1. George T., (1967), Determination of traces
(Japan Environment Agency)
A : Certified values,
B: The results obtained in this work by metry, Anal. Chem., 39,4, 427 ~432.

ICP-AES 2. Burnham, C.D., Moore, C.E., Kanabrocki,
* : Uncertified value, s+ May not homogeneous

of lead in air by atomic absorption spectro-

(1969), Determination of lead in airborne
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