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by
Mohd Rashid Mohd Yusoff
Chemica!l Engineering Dept.

U™

Abstract

The performance_of ¥RP spectrometern as 'a tool for
multielemental analysis of air pollution gsamples was discussed,
The non-destructive couples with multielemental nature of the
technique andsatisfaclory sensitivity for most elements were
the most important chavacteristics for its popularity as &
method of analysis. Thus, the technigue promises a significance
reducticn in cost and time of analysis. As.a result, more
extensive and revealing air particulates survey should be possible,
with consequent improvements In the discovery and positive .
identification of particulaté pollution sources.

Introduction

An analysis of the elemental composition of particulate

matter can be very uséful in determining the sources. of pollution.

The chemical charécteriiation of particulate pollutants in the

: environment has been greatly facilitated by the develcpment in

' :
L recent years of a number of instrumental multi-element analytical

procedures. A rapid and inexpensive analytical technique 1is

sought for if there are large numbers of air particulate samples

need to be analyzed. With such technique, surveillance could be

established over wide areas where air pollutiocn is a problem

The Ffour techniques most widely used for elemental analysis

of airborne particulate samples are optical emission spectroséopy

(ES), atomic absorpticon speciroscopy (AA), Neutren activation

(NA) and x-ray fluorescence (XRF). Each of these methods has’

h none is applicable

definite advantages and disadvantages, thoug
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to all elements.

~Emission spectroscopy1 and atomic absorption spectrophotometry2
are at present the most widely used methods in air pollution
control laborateries. Imission spectroscopy is a multl—elemental
technique but requires careful sample pretreatment and is not

considered to be very precise. TIts sensitivity varlies significantly

from element to element and in Fact it has Insufficient sensitivity

to detect such important pollutants as Se, Hg, As and C4d.

Atomic adsdrption spectrophotometry is strictly a sinpgle
element analytical techniqﬁe, but the modern instruments have
been equipped with interchangeable lamps for sequential |
analysis of up to six elements per sample . A standardized
éxEO inch air particulate filter may not be large enough for
sequential analyses of many elements, especially when the more
accurate method of standard addition is used. This technique

may have insufficient sensitivity for As, Hp and Se.

Appilication of neutron activation for anaiysiq of air
particulates huS been demonstraued by a few workers, e.g., ?ollep
and Gardon, 1870, Dams, et at., 1971-5 Tris method is very -
sensitive for some elements while quite insensitive for otheﬁ;
in particular lead. It requires an access to.a nucleax‘reéctor
if it is to cover ﬁhe whole range of elements of interest to
study. A long/time between sample irradiation and measuremént
must be allowed, from several hours up to a few weeks for some

. L5 . : . :
elemants. Thus, this method can be used for special cases but

is not practical for routine application.

- X~Ray Fluorescence Spectrometry

_Presently, X-ray fluorescence analysis has emerped as a
very powerful technique for the elemental analysis of env;ronmental'
samples. - The use of x-ray fluore;cence is notlceably 1ncrejslng

because a- numbmr of attributes make it especially attractive




for the analysis of airborne partiéulate matter, These features
include (1) direct analysis of filter deposits with no need of
sample preparation, (2) the nondestructiveness of the method,
which permits samples to be retained for fUrthep énalysis of
futufe reference, (3} fairly uniform déteétabilify across the
pericdic table, with the ability to analyze all elements from
atomic number, 9 (fluorine) upward, and (Hﬁ'the.availability of
commercial instruments that permit the analysis of samples for
a large number of elements in relatively short intervals and

at low éost. Once ioaded Wlth samples, the apparatus can

operate unattended.

Briefly, an XRF technique consists of exciting inner
electrons in atoms of an unknown material. On returning to-

the ground state, the electrbnslgive up ‘their energy in the

-from of x-rays. Thus, the characteristic of x-ray energies

identify the element oresent in the material. The schematic
view of x-ray fluorescence spectrometer is SHown in Figure 1. -

Exciting radiation provided by an’' x-ray tube impinges upon the

filter medium or impactor film containing the collected.

particulate matter. A fractlon of ‘the photons, if of

suff1c1ent energy, produce vacancies 1n the inner shells of

atoms within the specimen, and in turn characterlstlc ﬁ~rays

are emitted. These x- rays are detected by a detector sorted

by their energies and the elemental concentratlons are determlneé

from the intensities of the x- rays.

There are two general apprcaches to sortlng - rays of
different wavelength dispersion, in whlch the xdrays are
identified after the original beam has been spread out by an
analyzing crystal » and by energy dlsper31on, in which the
undxspersed X-rays are sorted inte 100 to 1000 eneryy groupq by
means of a high-resolution frequency-sensitive semi- conductor

detector coupled to a mult1 channel analyzer.

Birks and coworkest at he Naval Research Laboratory

carrled out an EPA Jupported laboratory study 1o develop XRE as
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a method for routine multi-elemental analysis of filter-deposited
particulate samples. The study compared various XRF techniques,

including the options available for both excitation and detection

of the flucrescence. Among the main conclusions were the follo-

wing :

1. The single-element 1imit of detection, where inter-
ferences are absent or negligible, is about the same’

for either wavelength or energy disperaiVe{

2, Atmospheric particulates'samples'apd'phe sémple.
from the power plants, incinerators‘ahd othepigouréen"
; I emissions typleally confain many elements at widely
different concentrations. Vnergy—dispefsive XRF
spectra for such samples show swgnlflcant inter-
ferences between neighboring elements,.partlcularly
the elements from sulfur to nlckel in the perlodlc'
table, and require mathematlcal unfoldlng to determlne
the x-ray intengities. For such real pollution eamples”
the use of wavelength dispersion: spectvomp rers with: -
thelr hlgh resolution capablllty is a dlst¢nct ad—”
_vantage- their use requlres con51derably less data
manlpulatlon, thus av01d1np what can be in many

lnstan(es a ma}or source of error.‘

3. For boutine analygis of large number of samples in
which elements of 1nterest can be specfoéd in advance,
the use of multi-channel wavelength spectromet@rs '
appears as the most practlcal soluthn, inasmuch as
these instruments ccmbine two impoftant features;

i.e. high spectral resolving poﬁef and simultaneous

measurement of a large number of elemental concen-

trations.

Figure 2 shows the comparison'of the spectrum obtéined
for a CaClQ—KCl mlxture uSLng the wavelength dlSPEFSlVe and
energy dlsperSlye XRF. - The KB pot3351um line, whluh ‘is eaSLIy

separated by tha wavelength dispersive XRF, is ev;dent ‘in Lhe
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energy-dispersive spectrum only as siipght distortion in the right

side of the zal Lum'Ka peak. The wavelength dispersion offers

superior resolution for most elements. higher count rate per elément,
better peak-to-back gfound ratic, and is applicable to the low-
energy x-ray region where chemical effects (balance, coordination)

can be measured using high-resclution X-ray speciroscopy.

The cbl;lty of the wavelenpih. Clnurrsive'XRf system to
detect a wide varzegy of elem@nts-ln the thoaphere is 1llustra ed
in Flgure 3 which ig a plut of the “5naes-and typical values
of the concentrations. of various elements in urban_air.7 The
detectioh limitS'représented by Tﬁe crosses (3 sigma peak areas:
above background) for x- -Tay *lucrevcrﬁce are superimposed on

L 2
the plot. Thende&eLt+on Timite are expressed in ng/cm for

[

each element assuming that it is deposited on a2 cellulose

membrane filter which has a mass per unit area of SImg/Cm2

The detection limitSfcan be converted to units of mass per unit

" volume by dividing.the values of I ‘wgwro 3 by the alr volume sampled

per unit area of filter.

For x-ray anaTy51q it is neccssarv that the parthles be
_collected on a filter h:vlnf Ve y low level of impurities.
Clearn glass fiber f ]1erv coutdjnlnw a large amount- of impurity
are unacceptable for xMray fluorescenée, whereas. teflon mem- .
brane filter with a polyethylene backing are found to be
 excellenf'for'x~ray fluerescence analysis. The x-ray énalysis
-may also be effected.by the thickness of the speciméns. The
use of thin specimeﬁs minimizes matrix effects in x-ray fluo~
rescence analysis. The preparation of thin uniform épecimens.
usually eliminates the tedious procedure of ¢ither preparing
sets of standards similar te the specimens to be analyzed, or
adding intetnal standards To correct for matrix effect. When
- employing thin spécimehs, matrix enhancement effects are nor-
mally very small. Similarly, particle size effects caused by
significant absorption or enbancement of required fluorescence

radiation within a single grain may.also deter the ®-ra iy analysis.

e e e e e e e e L
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Even though the average mass per unit area of the particulate
. deposit conforms: to that for a thin specimen, individual grains

may be large encough to produce'these'effects.

The Performance of XRF Techniques

The XRF technloues have Deeﬂ used in many air pollutlon
studies lately. Rhodes, et al. used radicisotope sources °

for excitation wlt% a Si \Ll) detectnr ror energy- d;SDe“SlVQ

spectrometry and & minicomputer for data reduction and automatlc.

instrument control in order to determine the neavy metal

constituents of air particulates collected on a filter paper at

‘various locaticons in Texas. Eighty—ﬁine'sémpleé were collected
and seventeen elerents per sample were . determined. Twelve of the:“
“samples were also determined with AA.ano1YSis for.commarison:aé.
.shown in Table 1. Et was concludeo ‘that XRF qpec?roneter has proved
tself capable of use for multi- elemental ai partlculate survey

'measurements and for pollutlon scurce locatlon

Dzuby, et aZ.,8 analyzed:size fbéctionated aercscl sample
coilected in St. Louils using-XRF'techntie for tﬁenfv two '
e’ements The results of the analvsas is glven in Table 2. It
was found that the small particles contazr at least 75 percént
Qf_the S, Zn, Br and Pb at the sampling site. At least 75
percent of the 8i, Ca, Ti and Fe:is'éontaihed in the lafge'par;“-
ticles size. The concentratioﬁ listed in' Table 2 for V, Cr,
| , Ni, Cu, Zn, Rb, and Sr are'éignifiéantly lower than the
typical urban Valuéé in Figure 3. This may be due to the
residential value of the sampling site and to the reiatlvely'

- clean air CGndlthﬂS at the time of measurements.

Trace metals collected on filter by a hi-volume air sampler

fcr 24 hours were analyzed using XRF method by Dittrich and

9 41
~Cothern.” A gamma Tay 9xc¢t1ng source ( Am) and a Bremstrahlung

e o1y
ekciting source ( 7 ‘Bn) were hoth used to produce the x-ray.

Several metals 1nclud1ng Ti, fe, cu, Zn5 Ph, C¢d and Sn were

S e e
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.n.m.m\suu
AA XRE AA XRE AR XEF - AA  XRF an T XRF
Amarillo .02 0.05  1.u8 1.5 010 70.12 1 0.20  0.15 0.35 = 0.32°
Beaumont 0.03 - 0.04  0.65 0.4 0.13  0.23 - 0.11 0,01 .46 0.4y
Clute .03  0.01  0.98 1.0 0.03 0.01  0.13 0.11 0.55  0.60
Corpus Christi 0.08 - 0.08 . 4.4l 10.0 .16 016 1.37 0 1.77 0,75 0.80
El Paso 0,10 0.11 2.61 3.4 0.80° 0.96 - 1.55  1.66 2.73  2.56
Fort Worth 0.05 0.05  1.53° 1.3 0.01° 0,01 . 0.69 0.23 0.66  0.5b
Harlingen .02 <0.03  1.24 - 1.2 0.20  0.02 . 0.20 0.02 0.12 - 0.04
Lubbock 0.16  0.17  2.59 8.6 o.ow._.o.op 0,22 0.05 1 0.34  0.28
pallas 0.0 ©0.01  0.75 0.7 0.02  0.02 . 0.10 0,01 0.66  0.87
Houston 0.02 <003  0.65 0.6 0.22°  0.22 0.19. . 0.1%. 0.92  1.03°
Matagorda NA  <0.072 0.28 0.2 0.31 . 0.36 .37 _o.omw 0.08 0.0
San Antonio 0.01 <0.02 0.62 0.1 o.om_.Ao.ow_ 0.51  0.07 0.u6. . 0.33
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Table «
‘Analyals of St. Louis fAervosol Ly Tnerpy-Dispersive

ReoRtcse
¥-Ray Tluorescence {(Dzubay, et al.%)

. . A . - T ),
Fine. 7 . - Coarse. .”

Flemant
s Emen _(ng/ma) - (ng/m3)

i+
-+

51 B 600
s 3700
K. S 160
ca” _ 110

700
200

160 - 2000
600 . 600

i+
"+

4

60 2u0 80,

=N

I+
(T

40l 1700 £ 300

30

-+
i+

Ti ' © B 7 o

. . y

b+

R

co : 130 \ ; 3:4._{ o !400 i

As 20 & 100D sy

19:? . f36;g + -?_f{."

s

=
T
ta .
=

1

a0 T R

-+

B AUE SR IR T R T S e
Ba el <o <
Ph LU uB0 & SDL oL 1107 ® A2

“The ¢ollected size ranges are 0-2 um . for fine particles
and 2.5 - 10 um for coarse particles.. . SR




detected. It was found that the eloment in the Perdodic

Table between Ti and Cs were seen 1o have 4 sensitivity limit of

' 3 . . L
0.5 u g/m of ailr. Thus, the mmethod |rﬁ\ ides a-potentially useful

technique for the determinatinn of trace metallic alr contaminants.

: B RN : . .
Stevens, 2t @l., had applied YRF and source apportionment

methods to determine the origin of the ambient aerosols that

effect the visibility:in the forested area of Shenandcah Valley.

:They caleuiated that 90% of vieibility deprs u?*lOﬂ in the valley

was caused by fine marticles { <2.5um) and sugfates account for

' 63% the fine partic

il

Wagman, ot al. had farried cul an experiment in order.
to make a comparison between XRE and ‘AA analysis. The samples
' consisted of partlcle emissions collected on high-purity quartz

Filters from a contrelled combustion source fueled with oll

splked with known amounts of organometallic compouﬁd% The

ealculated values {(shown in Table 3) for the five metals unalvhed

are based upon the amount of spikéd”fuel consumed and the known

fracticn of total smissions collected on- the filter. They found

“that AP copcentrations are in remarkably ﬂood agreement with the

ca¢cu;ated values Wwith the PYCGDTIOH of the cadmiuwm value, which

“is abcut 10 percent.low. This was probably due to .the stienuat ion

of some of the relatively low-encrgy wﬂdminm'fluorescence resulting

from only partial penetration of rellected aerosol inte the
y ol 2 _ .

Cinterstices of the guartz fiber filter.

The perfomance of the ¥RE speclrometer as a method for the
‘the atmospheric aerosols.

' 1: L 11
were also studied by Hammerle and coworkers. . Ten elements

. analysis of the elemental compasition of

Ca, Ti, Mn, Cr, Te, Ni, Cu, Zn, gy and Ph that are present in

typical alr pollution samples were detected by the XRE

=

spectpometer usinpg a ijslo excitation Pudldflwﬁ (Mo ). As a

-compurl son, Neutron Activation was also uced'- detelmlne all

of these elements pxcppt yb, which wasg aﬂa¥y4@d bf Atomlc fhs Plpiloﬂ




- The elemental composition of the collected particulate matter as .

Table 3

Comparison of XRF and AAS Analyses of Particulate S??Dles_. f
from a Simulated Combustion Source (Wagman, et al}. IR

. Total Collected, mg

Ele@en?. " Calculated Atomic ©X-ray
~Valuew. © absorption fluorescence
Pb - ’ 202 228 217
Mmoo - qap .o18s 1gy
Co o 182 13 143
Scd T LI 187 166
v a1 1ss o asg

% Based on analysis of fuel 0il spiked with organometallic

:-compounds
determined by the two - methods'afg shown in Table 47
Table 4

- Comparison of X-Féy'FiuQPescence'andgNeutron Actiﬁation':‘
Analysis® (Hammerle, et aqi., 1973); . N _ _

"o Element . .: T ~ XRF : NAA
e 45+ g a1y
i 7008 00 Not seen
oro 092 % o0.08 12 o+ on
Mn- L 3.62 + . 0.1y S 3.ut: 0,08
Fe . 52.5 1+ 0.3 §5.7 b3
Ni L 007 s 0.03" . : 0.40 -'0.24
Cu 159 s 0.06 - . 1.22: 0.7
Zn - sis0r 020 5501 0.8
. Br REER 5.04 £ 020 2.56 £ 0.15
P 2873 11 SRR 1Ly
.* mass is piven in Hg

*analyzed by atomic absorption

R



In summary, the‘perférméncé of_non—destrdcfiveﬂx—réy
fluorescence anaﬂv515 systems has-dembnstrated.fhe applicahlity
of this technique to lcrge scale air sampling_netwprks. ' ts
sen51t1v1ty_and accuracy is ‘more than adequété'for most air

pellution studies.
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