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ABSTRACT

Eighteen samples of ambient 24-nhr average total suspended
partlculate matter were collected at Universiti Teknologi Malaysia
sampling station. A total of 25 trace-elements (af, Ag, As, Au, Ba,
Br, Ca, Cd, Co, Cr, Cu, Dy, Eu, Fe, La, Mg, Mn, Ni, Pb, 5b, S5c, Sw,
Ti, V and Zn) were determlned from the samples using intrumental
neutron activation analysis and atomic absorption spectrophotometry
techniques. The use of pairwise correlation statistic and enrichment
factors were presented to ildentify sources. It was demonstrated that
the particulate can be related into two specific source categories:
soil-derived (af, Au,  Ba, Ca, Cr, Dy, Eu, Fe, La, Mg, Mn, 5c, Sm,

Ti and V) and anthropogenic sources (Ag, As, Br, Cd, Co, Ni, Pb, &b
and 2n}. Pb and Br were mainly due to automobile exhausts emission.



INTRCDUCTION

Atmospheric aerosols can have sighificant effects on tﬁe
environment. At current concentration, the principal effects are asso;
ciated with the degradation of visibility, local weather modification,
soiling and material damage. More importantly, howeverf'aiiborne parti-
culatee ha#e long been known to be associated with deleterione health
effectl.. Many studies have shown that our atmospheric environment does
contain number of toxic elements originat*ng from:anthfopogenic
sources. Such studies have been largely COﬂflned to major . urban areas
where the center of human activities as well as the major populatlon
area are located. The release of potentially toxic substance to the
atmosphere and the possibility of adverse.health_effects of these

substances should be of our great concernad,

Consequenely, lnvestlgatlon of ‘the total suspended oartlculate
matter (TSP) in the ambient air has progressed from determlnatlon of
simple mass loading through particle size claSSLflcatlons and dlstrl—
bution as well as its elemental comgoSition. Characterlzatlon of the
amblent urban air in temms of its chemical and physmcal propertles have

3,

been repOrted by many researchers Measurement. of the sx;e dlstr1~_“
bution and chemical composition of the'particlee in the aﬁbient:air are
imporﬁant-in understanding the behaviour and mechaﬂ'ems.oF-fermat*on-of
particles in the atmosphere which will eventually lead to the identifi-

catlon of air pollutlon sourcesg

The use of the large number of trace elements in the ambient
airborne particulate matter to identify air poliution soﬁfces have
received much attention in recent years. Friedlandezs formulatéd.and
applied the theory of source- receptor chemical element balance to the
sources of Pasadena, CA aerosel. The basic assumption ls-that ‘each
type of source emits a characteristic disf:ibuticnjof.a set of elements,

These sets were determined from an inventory sources emissions.



A comparison were made with the ambient déta. Sea-salts, soil, auto-
exhaust, fuel-cil, coal combustion and cement dust contributions were
estimated and accecunted for more than 72% of the Pasadena aerosol.
Neustadter et a1.6, used relatively simple approach using pairwise
correlation, cluster_analysis and elemenﬁal enrichment factors to relate
the suspended particulate maﬁtér in Cleveland to their respective sources,
It was found that some elemental constituents were associated with
specific source types: earth's crust (Af, Si, Sc, Ti, VvV, La, Sn, Eu,

Dy, Th), automotive exhause (Pb. Br), metallurgy (Fe, Cr,.co) and
unidentified specific industries (Sb, Hg). In another study, Paciga

and Robert7 analyzed as many as 25 elements in the aerosol samples
collected at urban and industrial site in Toronto. An enrichmeﬁt

factor and linear correlation analysis were applied. 1t was found that
al, Ca. Fe, La, Mg, Sm, Sc, Na, and Ti were appeared to be mainly sail
derivéd aerosols whereas Sb,.As, Br, ¢f, Pb, V and Zh appeared to have
significant anthropogenic sources in the area. Another study of a
similar type were alsc conducted in Indianae. This abproach has become
“increasingly attractive with ﬁhe avaiiability_of'sensitive, inexpensive,
-non-destructive, multielement analytical methods such as.int:ﬁmental

- neutron activation.

To da£e there is no detail and comprehensive study of the’
airborne trace-elements in this region. Although, Pb héé_been occa-
sionally determined by few local investigators_but it has nét been
extended to other considered impbﬁtant elements. Tha purpose of the.
present study is to describe the level of varlous trace elements found'
in the ambient TSP samples collected at Kuala Lumpur., "The elemental
analysis were done by both instrumental neutron actlvatlon and atomlc
absorption specrophotometer. The results were subjected to enrichment
and pairwise correlation analysis in order to determine the source,
behaviour and fate of airborne trace elemenﬁs in a complex urban énvi—
ronment. In particular, it was hoped to identify those-elemeﬁts which
‘were abnormally enriched in the atmosphere as well as to dlfferentlate

sources of these elements.



EXPERIMENTAL TECHNIQUES

Sampling. Ambient 24-hr average partiéulate samples were
collected every other day from Jan. thyough March 1986. air saméiing:
was carried cut on the roof of the PGllution Control Laboratory

.Bulldlng (15 meters high) at the Universiti Teknologl Malay51a, Tocated
2 km northeast of -city center oF Kuala Lumpur The location of the
.sampllng gite is shown in Figure i. Tectal suspendéd'particulate matter
was collected with a high voiume air sampler fSierra Anderson UVOOI/BBI)
calibrated at 1.13 m3/hr (40 CFM) on every Lllter changed. All'samples
.were cellected on a glass fiber filter (Whatman EPM 1600) conditioned
in controlled room temperature for at least-24—hr‘before.pre—_and_post~
weighted with three control filters tO‘avoid-any'erronous grayimetric

results.

Neutron Activation Analysis. The elemental analysis of af,:
As, Bu, Ba, Br, Ca, ¢, Cr, Dy, Eu, X, La, Na, Sb, Sc, Sm, Ti, and v
were perfommed with intrumental neutron activation analyzer (Model

Triger Mk II). Several 25 cm’. filter area were cut for the analysis.

Table I. Neutron Irradlatlon and Sample Countlng Schedble for

this study.
Irradiation Z Cooling ' 'Counﬁing . - . o 1
. i . . : Elemental detected. .’
time ! time : time
P
? o :
36s ¢ 10 min : 5 min Dy, Bu, Ba, Ti, Br, Na,
; : I - v, X, cf, ca.- :
10 hr b4 -5 50 min Sm, Au, Sb, Na, As, K,
: ) days i '~ La, Sc, Br, Cr. '
i ! |

Table I shows the irradiation and counting procedure that was followed.
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The short irradiation time was done by the Pnuematlc Transfer System
{(PTS) while the long irradiation was done in the-Rotary.Rack. The
average neutron flux in the reactor is about 3 x 1012 n.chn = s_l The -
gamma rays emitted by the radlonucllde in the lrradlated samples were R
detected by the nyper pure germanium {Hp Ge) semi conductor detector_ 
with the resolution of 1.9 KeV at 1332 Kev 6OCo. The relatjive o
efficiency.of the detector is about 20% of the Nal (TL) detector

(3 x 3"). The analy51s of the gamma ray spectra were done by the

ND 66/ND 6600 computerlsed multichannel analyzer system,

The elemental composition: in the samples were calculated by
direct comparison of the corredted pboto—yean activity of the isctop
in the sample and the standard ({the corrected photopeak act1v1ty is
the photopeak act1v1ty after correctlon due to blank and ratiocactive
decay) The accuracy and pxec1sxon ef the INAR system at NEU
laborato*y have been verified by analy51s of National Bureau Standard

10
Reference Materidls reported elsewhera’ .

Atomlc Absorptlon Analy51s. Eleven elemental concentrations
(Pb, Mn, Cd Zn, Ca, Co, Mg, Cu, Fe, Ag and Ni) were determined.by ARS
techhique (Perkin Elmer_SOOO).m A portion of the effeétive filter area
(3.5 x i?.S <m} were cut 1nto small pileces and digested with concentra—.
Fed 5 ml HNO3, 5'ml BZSO4 and 1G ml of double a;stllled deionised.
water. ' The samples were heated up to boxllng for at least 1 hr to _
reduce the volume to approximately 10 ml: transferred and ‘diluted to :'t
50 ml' for flame atomic absorption analysis together thh the standard

stock solutions. Blank fllters were Sub3ected to sxmllar treatment

for blank correctlon before flnal elemental concentratlon were obtained,



' RESULTS AND DISCUSSION -

As many as 25 eiements were’ determlned in the TSP samples.
Table II presents the average, ‘standard deviation and ranges of the
elemental concentration along-with the average TSP mass for the study
period. Na, £, ¥, and Ca.(for NAA). were not reported in the list
due to high conceﬂtratlon of these elements found in. the background
matrix. This made it almost 1mpossxble to detect the actual concen-
tration of these elements dEpOSlted on the sample filters. The use of.
Srher filter type like cellulose type fﬁlter would be strongly reco-
mmended to eliminate this lnterferlng effect11 : Copper contaminaticn;'
from the brush wear on the copper commutator of hlgh volume air samplar’
motor is significant’ 12 and . was reflected in this study by high daily
copper concentratlon and poor correiatlons of copDe* with other e*emerts.:
A short sampllng period of the present study, allow no correlatlon
analys;s cf copper with meteorologlcal parameters such as wind dLreCthn

' to be performed to further verlfy the above statement.

The A£ Ag, Ba, Co, Nl Concentratlon showed the greatest
range of arithmetic: standard dEVlablOnS compare to other elements for
‘this variable. As expected the lmpaCt of the commercxal or ;ndustraai
source on the sampllnq Slte due to variability of the meteorclogical
parameters such as w1nd speed and - wxnd dlrectlon could have brought to
this effect _ Although A£ wh;ch is known. to be predomxnantiy soil
derived aerosol was no exceptlon. Since at any time the wind could
have blown up the uncovered ground area (as there are constructlons and
development around the city) to the sampling 51te‘. As a result, a B
wider range between the minimum - and the maxtmum concentratlon of-tﬁe
element found on the sample fllter‘: In other word the elements with
large standard deviation are’ assocxated with locallzed souxces.e Those
with small standard. devxatlons suggest earth. crust weak,_or unlformly;
distributed source contr;butlons 'In-addition!_SOme elements were

poorly resolved {e g. Ba),"'“



.'_Table II: Average Concentration of Trace-element in the TSP Samples
. ' { PPM )

J

ﬁ_ _ L o : - Range
\ .
T

-al o ?' 4.87% a 5.86% - 981 - 15.4%
Ag ?3 57.8 i 68.s | Y 3.24 - 186
" Bs 154 [\D%w@{% ,3 57 - 1837 - 37
Au . 50.9ppb .. 28.0 ppb ' 15.8 - B5.6 ppb
Ba 1087 Cone C3.76 - 24310
Br . oeaa 1 203 O 1e2 - 1138

- ca Cl 278y 2018 - | 0.82% - 6.89%
a0 12,2 (ofheafni) 1006 o L 1.6% - 32,5

co boass T es D 8.43 - 2390

Croo L3220 0 110 226 - 443

cu o ess 0 oams | 308 - 17523

Dy s 7.57 3.25;— 26.10

Ba o i2.s . ga 300 - 26.7

Fe - Ce1s . 2ier S 2017 - 11514

La R VI 8.44 | a.sa-3:25

Mg S 3aes o 21s 0.35% - 7.59%

M S 176 1 60.7.- 807

wi U agase o giea o119 < 13077
b terio 1997 3205 - 10862
sb S B 14.6 11'_.; | 6.17 - 60.5
se £.92 0 0.44 o 1sa -~ 204

Sm© o 168 - 1.6 | 0.3 - 4.95
B 4471 . 1626 L 2235 - 6129
v B2 a5y 2004 - a1
i Zn o 680 B os0 T 430 - 1068
' T8P Mass 'i 66.6 . 5.3 43.2 - 915

. i
L

* Mass in pg/m



Pairwise Correlation

In an attempt to find a common metal éource, correlation
coefficient of netal concentration have been. coﬁputed between pairs
.of element. Table III shows these correlation: coefflC1ents for metal
pairs whlch have been detected in at least 15 of the salees B large.
'COfIELathﬂ coefficient value between metal pair is lndlcatlve of a

_common source and sxmllar behavxour

The best interelement correlatlon seen in this study is that-
between Br and Pb. Automonlle is the main source of these elements.
Lead is added to petrol in the form of an crganic tetraethyi_lead CTEL).
”as anti-knock agent: During combustion this reacts with ethylene

.(EDH} 'ﬁcavengers‘; also added to petr01{ with consequent emission of
the lead in an.organic particulate form préddﬁinantly.?bBrCﬂlB'l4 The '
.steichiometry of the major compounds reported. in automoblle exhaust |
partlculate matter is such that the Br/rb mass ratio should be approx1~

-mately equal to tetraethyl fluld value (O.386).-_The average and the

maximum Br/Pb rate for this study were 0. 096 . and'0‘138'respectivély.fﬂ..

Loss of Br from the partlculate phase due to irradiation and uncovered'-”"”:

of . sample filters immediately after sampllng are probably respon51ble :-
for the variation in the Br/Pb ratio. Low wind speed during study
pericd and hicgh sampllng point may also contribute to this effect.
 Nevertheless, Br and Pb have been wldely used bv many workers to predlct

the impact oF automob;le on air quallty

Aé expected both By aﬁd Fb show é negative correlation with
Fe and Mn...While positive correlation between Fe and Mn is obsérved.
Apparently, this lndlcate that Fe and Mn originate from a common source
i.e. soil dust._ Pb ‘also shows a positive: correlatlon with Zn. The
presence of Zn as one of the many additives used in lubrlcatzng oil
such-as zinc~di- thlophospate as suggested by.: Largerwerff and Specht15
'could support this flndlng Appllcatlon cf a s;mple 11near correlatlons

analys;s as in Table 11, may seem to be the easxest and most dlrect



Table IXT: Pairwise Corfelati_on Coefficients W x 100}

As.

- Br

"Fe

Mn~

Pb

Sb -

o

As

100

15

1.0

Y

24

17

Br

100

-49

=29

©.82

43

25

Fe

100

36

~56

-6

13

_._—21"

1 100

: .-_'1.6.

-18

14

5.1. :

Pb

100 |

37

. Sb

100

12

U100

S 2Zn

100




method for such interpretations to be made. It is however, in view of
the relatively small size of the datad sets Meesurement we ‘wish. to
remlnd the readers of the necessary caution regarding the lnterpretatlcn'

16
of such 1nformatlon, as has been noted by Bogen .
Enrichment Factor

. An increaeingly popular method of exaﬁining the relative _
importance of selecﬁed sources on the'measered atmospheric burden of
I
trace~spec1es is to compare the relative abundance of species in source
materlal to that found in the atmospherel7.' In the case of a soil _
source, this comparison is made bv vxam1W¢ng the enrichment of elements

in the air- over what is found in crustal or soil materlal Thls enrlch-

" ‘ment is calculated by obtalnlng the ratio of the air concentratlon of

an element_normallzed to.a reference element to'the'crustal concentra-.

- tion normalized to the same reference element. For this work Al has
'been chosen as the reference element since soil is aimost certalnly the -
.. source for aAl. Pernaps Si should be chosen as the reference element
“.because of ltS high natural abundance {compared to Al} but it is not

_ readliy determlned by cenventional nuclear technlque The” enrlchment

'factors, EF, are calculatea as follow:

Alr concentration of indicated element
Alr concentraticon of Al
Crustal concentration of indicated el ement
Crustal concentration of AL

EF =

An enrichment factor eclose to 1 would indicate that the relative
‘concentration of a given element is identical'to'that which is present
in soil. An -enrichment factor anreaSLngly greater than 1 indicate the:

element is more abundant in the air- relatlve to that found in soxl

- :j _1'0 .



Value less than 1 for EF,. would suggest a depletion of the
element in air over that found in soil. Fpr this study the reference

. _ P .
€rustal ratios were taken from Wedepohl . The ‘average calculated

' enrlchment factors for the elements ‘is given in Table IV.

An examination of the data in Table IV, lndlcates that
the element al, au, Ba, Ca, Cr, Fe, La, Mg, Mn, Sc, Sm, Ti and V had
:relatlvely low EF values. Most of these ‘elements were also positively
‘correlated wlth each other and can be assumed to have a major 5011
_cqmponent However, the presence of local sources cannot be discounted,
especxally in the case of Cr (EF = 7.4} which is a substant;al congti-

tuent of metallurgy emission.

An’ lnterestlng peint to note in this study, is the

'relatlvely hlgh EF value for mine related elements namely Au, Dy and

. -Eu, The authors belleved that the soil in the area is rich with these

:elements.' The area was once known with lts tin-mining aCthltlES
.-Therefore, scil or mining dust is the only possible source for these

B elements.' The contributicn of soil material to the total atmospheric

:f burden of'part culate matter (assumlng an al concentratlon of 7.8% in

'soil) is estimated to be £4% at sampllng Slt@.

_ The elements Ag, As, Br, Cd Co, Cu, Nl, Pb, Sb and Zn

.are greatly enriched in the atmosphere relative to soil. Contamination. -

 of Ccu from the high-volume air sampler has been discussed previously.

. Ag, As, Cd, Co, Ni, Pb and %n are known to be industrial scurce chemical
séecies.. The As, Cd, Co, Ni and 2n are among the important constituent_:
of combﬁstion related sources {e.g. fuelmoil bﬁrning incineration.
_émelting) - Both C4d and Zn could also be aSSOCLated with motor- vehxclesﬂ'-
_Studles have shown that higher level of airborne cadmium cencentration
Y were cbserved in city area than suburban axealg. - Cd, Pb.and In are
;pOSLtively correlated wlth each. other which suggests that there is-a-

'4“common source for these elements.. Hkgher level of cadmlum observed in -7



" Table IV: Enrichment Factors of the Trace—elementé

H

Conc, ) Crustal; Wedepohl - . .l EF
(ppm) ' . {(ppm) coo '

AL  4.87% | 7.80% P B
Ag 57.8 006 .l 1543
Bs 154 - 7 | ias

Au- . 50.9 ppb ©0.004 0 20.a¢
L oBa 1067 é. 590 el 2.9
LB ean o R R X1
? ca . . 2.78% L 2.87% _5;'-f_ 11.55
 § ca 12.2 S0 '1'; - RISt
o a2 oz 65
| 322 a0 7
co o oesa . 300 mg
Ew - i .o12.50 j;'g . | 1.4 _ ': ,l”? _' 14
6135 L 3sas. .28
La - . 14.9 S P
| | 1.39% !
wno 341 S o200 T
s oass | w o e
BB o Cermo L s RO NS STR
' sb o -;f 27.;- PR . R 0.2 oo f o217
”fsc ' _' 1l f_':’ S Y L ’f'_f' 'f'o.zz_'

e
a4

Mg . 4 % 3.46% .99

o w o o

' sm   31 :'L.é9~ : _ _
| L oa00 | sz

v j' 52.4 _". iz' Coes o 0,88-7_“
_.Zn . L .680.' . ;. o 6O N ‘   ' ; .19 o

Comic 4471

.78

66 ;_-__;Q : .__:0.41._,.

12



higher traffic density area or urban environment, support the hypo—'_-
thesis that automobiles. tyres are a llkely source of Cd as. suggested

. 20 .
by Lagerwerff and Specht and supported by Burton

The large Ag, Br, Pb and Sb enrlchment values are=eupport1ve'f
of anthropoaenlc gsources rather- than normal soil-weathering processes’
for these elements._ Lead_and bromine are malnly produced by combusﬁione
of leaded gasoline. Their source is.a significent aréa‘soerce'pollutionﬂ'
in the urban envifonment'which exhibit negative COrrelation with '
iecreasing wind epeed term. A good'coirelation-betweeﬁ these. ﬁwO'
elements is an indication of their common. source orlaln as has been
found by other studles2}e- 23. It is much more. é;ffic‘*t to re;ete_
:both Ag and Sb to thelr respectlve sources.. The presence of thelr
potential sources are not fuily understood in the area-. Sb could be
 attrlbuted to a chemlcal faceory whlch specializes in the manufacture
.of 5b products. : Pewter maklng or an-electric- lamp fllament manuxacturlng_
plant are elso.pOSSLbze sources .for Shb 1n this area-” In“view of tbe fatt':
that quite a large number of 1ndustr1es are locatea Wlthln few kllometers

around the city area, a more detall lnvestlgatlon lS necessary to ascertaln

the soueces of these trace -elements.

.  ~13.:



CONCLUSION

_ The cencentration of 25 trace- elements 1q the air over
Kuala Lumpur area’ has been measured by NAA and AAS . On the basxs'
of elemental enrlchment analysis calculated base on ratios to Aﬂ
as the reference element, a soil—defived group of_elements_eere
identified. These ;nelude al, au, Ba, Ca,-C;,'Dy}'Eu,.Fe, La,

Mg, Sc, Sm..Ti ahd.v.. An enriched level of Au, Dv and Eu in the
air 1ndlcates that the soil is rich WLth fhese elements. Industrial..
'related chemlcal species lncludes Ag, As Cd Co, Ni, Sb and .
Zn. - Bromine and lead, taken as a palr, are sxgnlflcant and
increaSLngly enrxched when normallzed to Al as compared. thh
typlcal earth . crustal abundances, can be ldentlflEd with auto-

native exhaust.

The use of paleLse correlatlon stat;st;cs can be mofe:"
:meanlngful lf more data sets were obtalned. Determlnatlon of
'other lmoortant tracenelements shouid be sougﬁt ln the. future -as
to enhance the ldentzflcatlon of potential ‘air pollution sources..
Subsequently, more monltorlng statlons should be set up in the
uarea for this weuld improve the statlst;caL IEliability of the
fesults and help.to ioeateesources of pollueants 'Aiihoucﬁ‘ :
'thls paper was based on a short te*m study,fan overall Lnder—'_
standlng of Kuala Lumpur aerosol emerges from the present study

would prov1de a bas;s for future work
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