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Abstract

Air paniculate matter is known to affect human health, impairs visibility and can cause
climate change. Study on air paniculate matter in term of particle size and chemical
contents is very important to indicate the quality of air in a sampling area. Information
on concentration of important constituents in air particles can be used to identify some of
emission sources which contribute to the pollution problem. The data collected may also
be used as a basis to design a strategy in order to overcome the air pollution problem in
the area.

The study involved sampling of air dust at two stations, one in Bangi and the other in
Kuala Lumpur using Gent Stack Sampler units. Each sampler capable of collecting air
particle sizes smaller than 2.5micron (PM2.5) and between 2.5-1Omicron on two different
filters simultaneously. The filters were measured for their mass, elemental carbon and
elemental concentrations using analytical equipments or techniques including
reflectometer and Neutron Activation Analysis. The results of analysis on samples
collected in 1997-1998 are discussed.

Abstrak

Debu udara terutama nya yang bersaiz halus diketahui boleh memberi kesan kepada
kesihatan manusia, mengurang jarak penglihatan serta mempengaruhi keadaan cuaca.
Kajian keatas debu udara dalam aspek saiz dan kandungan kimia adalah sangat penting
untuk menggambarkan kualiti udara di sesuatu kawasan. Maklumat tentang kandungan
kimia debu udara boleh membantu kearah mengenalkan punca punca pencemar yang
terbabit. Maklumat maklumat inijuga boleh menjadi asas untuk merangka strategi yang
bertujuan mengatasi masaalah pencemaran di kawasan berkenaan.

Kajian ini melibatkan persampelan debu udara di sekitar Kuala Lumpur dan Bangi
menggunakan alat persampelan Gent Stack Sampler yang boleh mengumpul debu udara
bersaiz lebih kecil dari 2.5 micron serta bersaiz antara 2.5-10 micron. Sampel sampel
debu udara pada penapis di ukur jisim nya dan seterus nya dianalisis menggunakan
reflectometer untuk penentuan 'elemental carbon' serta Teknik Analisis Pengaktifan
Neutron dan ICPMS untuk tujuan penentuan unsur unsur. Hasil hasil yang telah
diperolehi dalam kajian antara 1997-1998 dibincang.
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INTRODUCTION

Klang Valley is a very important area in Malaysia for economic activities. The area has
also become a great concern in terms of air pollution, specifically due to airborne
particulate matter. There are many activities that contribute to the air pollution problem in
the area including transportation, energy generation, construction and factory processings
which emit pollutants in formed of gases and fme particles. Naturally produced air
particles (coarse particles) in atmosphere are seasalt, wind blown soil and volcanic dust.
In Malaysia the air particulate matter (PM10) is continuously monitored by the
Department of Environmental as it is a component of the Malaysian air quality index.

The most common effect of air particles known to the public is haze. It is one of the
phenomenon related to the high concentration of fine particles (<2.5um) in atmosphere
that causes reduction in visibility. Haze occur in an area during a period of stable weather
condition where atmospheric ability to disperse and dilute the pollutant is reduced. Fine
particles are very harmful to human health as they can penetrate deep into the lung(i\
Short term or acute health effects of particulate exposures include mortality, respiratory
symptoms, exacerbation of asthma and changes in lung function. Possible long-term or
chronic effects are mortality, respiratory symptoms, decrement in lung function and
possible risk of lung cancer.

Sources of particulate pollution can be identified by physical and chemical investigation
of particle fractions (fine and coarse) since their chemical composition and physical
properties are characteristics of the sources. The unique chemical composition of
particles from each type of source is known as 'fingerprint'. However the process for
identification of fingerprints for various sources is not easy as it requires for accurate
determination of multi-constituents from a very small quantity of dust sample (less than
lmg) collected on special filters. On top of that it requires for observation on many
samples which represent most of the events that contribute to the pollution. In this work
NAA and reflectometry techniques were used for the determination of various elements
and elemental carbon respectively.

METHODOLOGY

Sampling stations were located in Kuala Lumpur (UTM, Jalan Semerak) and Bangi
(MINT) which repreresent an urban and suburban areas respectively. Details about the
sampling sites is given in the Table 1. Collection of sample was conducted once a week
in KL and or twice a week in Bangi. Duration of the sample collection was 24 hours
starting around 9 am. until the next day-
Samples were collected using Gent Stack Samplers provided by IAEA. The samplers
were operated to collect fine (PM2.5) and coarse (2.5-10micron) particles on two filters
(47mm diameter Nucleopore polycarbonate) of 0.4micron and 8micron pore size
respectively. The procedure for collecting of samples was according to the instructions
described by maenhaut {2\ The samplers were operated at starting flowrate of 15 L/m and
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normally finish at flowrate of higher than 12 L/m. Timers were used to preset the total
exposure time in order to avoid overloading of the filter especially during haze period.

The mass of particulate matter on filters were determined by gravimetric method using a
microbalance. Prior to weighing filters were preconditioned for 2 days in order to remove
moisture. All samples were measured for their elemental C using the EEL Smoke Stain
Reflectometer. Method for measurement of elemental C by reflectometry has been
described by Cohen(3).

Elements that have been determined by the INAA technique were Al, As, Br, K, Mn, Cl,
Cr, Fe, Na, Ti, V, and Zn. In INAA, samples were folded into pre-cleaned polyethylene
vials and irradiated in MINT Triga reactor. Both short and long irradiation programs were
used for the analysis. In short irradiation program, samples were irradiated individually
using a pneumatic transfer system. Samples were counted for 5 minutes and subsequently
for 30 minutes on PC based gamma spectrometer systems. Those samples were irradiated
again (after 2 weeks cooling period) on the rotary rack facility for the measurements of
elements that produce long-lived radionuclides. Details of the analysis procedure have
been described by Suhaimi et. al.(4). Elemental concentration were calculated based on
comparative method. Several reference materials were analysed in every batch of
samples for quality control purposes. We have also participated in intercomparison work
organised by IAEA as part of quality assurance program for this project.

RESULTS AND DISCUSSION

Mass concentration
Total number of samples collected in 1997 to 1998 from both sites were about 450
including fme and coarse particulate samples. Some samples were damaged during the
sampling due to overloading especially during unexpected haze occasions. Daily
concentration of fine and coarse particles are shown in the Figure 1. Average
concentration of both fractions during normal period are given in the Table 2. In general
the PM 10 level in Kuala Lumpur and Bangi were below Malaysian guideline (150
ug/m3, hourly) except in certain periods of time, for example in September-October 1997
and August 1998. Both sites experienced highest PM10 level during September 1997
which was considered a worst haze episode in Malaysia. The concentration of fine
fraction was always higher than the coarse fraction and being the dominant factor to
contribute for the PM10 level especially during haze periods. During the haze period of
Aug - Oct 1997, the concentration of the fine fraction increased by 4-5 times for both in
Kuala Lumpur and Bangi sites, while the coarse fraction only increased by 2 times during
the same period. This indicating that the haze period was mainly due to burning activities
as fine particles are mostly produced by combustion processes.

Plot of PM10 against PM2.5 (Figure 2a) shows a good correlation which indicates the air
quality problem related to air particulate matter in Klang Valley (as monitored through
PM10) was mostly determined by the fine particle fraction which was generated by
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human activities. Plot of PM10 against coarse particles (Figure 2b) does not show such a
good correlation which indicate less dependence of PM10 on coarse particle fraction.
Since PM2.5 is a significant factor in contributing to air pollution problem and health
hazards it is very important to monitor PNC 5 alongside PM10. This type of data will be
very useful for health and environmental control authorities in the country. Recently,
USEPA has introduced PM2.5 national ambient air quality standards, with the limit of 65
ug/m3 for 24 hours maximum and 15 ug/m3 for annual average.

Elemental carbon
In urban area a major component in the fine particle fraction is carbonaceous material
which includes elemental carbon (Elt. C) and organic carbon. Figure 3{a and b) shows the
plot of estimated Elt. C values in time series for Bangi and Kuala Lumpur sites. Highest
Elt. C concentration was found during the September-October 1997 which coincided with
the haze period. During this period the concentration of Elt. C increased as high as 2
times compared to during non-haze. Information from setelite images*5J confirmed that
the haze was mostly due to the forest fire in Indonesia. In Klang Valley Elt. C could be
considered as a major chemical constituent in the fine fraction which contributed to about
10-30 % of the fine mass. Common sources of elemental C are motor vehicles, fossil fuel
combustion, biomass burning and incinerators. Organic carbon was not determined in
this work as a procedure has yet to be established. The fraction of organic carbon in
atmosphere is about 60-80% out of total C mass*6*.

Elemental contents
The accuracy for most of the elements determined was within 15% error. Table 3 shows
results of our laboratory in an intercomparison activity (NAT-3) organised by IAEA for
the analysis of air dust on filter. Results for most of the elements were satisfactotry
except for antimony. In analysis of the fine particle samples, elements like Al, Na, Br, V,
Zn, Mn, Cl, Cr and Co has been determined in most of the samples. However it was not
easy to determine Fe, Ti and K in many of these samples as the sensitivities for these
elements were not so good. In coarse particle fraction, the presence of Fe, Ti and K were
relatively higher and not so difficult to be determined.

Distribution of elements in fine and coarse fractions is given in Table 4. It was found that
As and V were mostly present in the fine fraction or generated by the anthrophogenic
activities while Al, Br, Cl, Cr, Mn, Na and Fe were mostly present in the coarse fraction
or generated from natural process. There was no clear separation for the rest of the
elements determined between the two fractions which means that both natural and
anthrophogenic activities were important contributors for these elements.

Fingerprints and source apportionment
There was no clear correlation between the elements in the fine particle fraction could be
found. Large variation in the analysis results for some elements probably was a reason for
poor correlation between the elements. However, the plots of K, Mn and Na against Al
(Figure 4) in coarse fraction show some trends of better correlation which might be
attributed by soil as a major component.
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Up to now, It is too early to identify the fingerprints and apportion the sources using
sophisticated statistical packages like Statgraphic or Chemical Mass Balance (CMB)
since variation in analytical results was still relatively large; some of the key elements
like S or sulphate, Si, K and Fe were not determined or mostly below detection limit in
many of the samples; and the calculated mass obtained by analytical methods were
relatively small compared to the gravimetric mass. Instead, a simpler approach has been
used to estimate the contribution of certain sources to the pollution problem.

Total contribution from common sources including seaspray, soil, smoke and others in
each sample were calculated from the data of key elements (Na for seasalt and Al for
soil) concetrations to give a value known as recostructed mass (RCM). The percentage
ratio of RCM to the gravimetric mass (also known as mass closure) indicates our
capability in measuring the components in termed of mass compared to the gravimetric
mass. So far we could only measure up to between 15-40 % and 50-75% of mass
closures in the fine and coarse fractions respectively. Other main costituents that has not
been measured were sulphur or sulphate and organic C, which were estimated about 50-
70 percent of the fine gravimetric mass. Elemental C was the highest component
measured in the fine fraction with its content of 25-47%, followed by soil (3-5%) and
seasalt (1-2%). In the coarse particle fraction, soil contributed to about 47±35% of the
total mass as calculated based on Al concentration. Other constituents in the coarse
fraction could be road dust, seasalt, construction materials and minerals.

Future work is: to improve accuracies and uncertainties in the elemental analysis in order
to reduce the variabilities of data; to determine some other important constituents such as
cations (K+, Na+, Mg2+ and Ca2*) and anions especially chloride, sulphate and nitrate and
then to identify fingerprints of some important emission sources and to estimate the
contribution of those sources to the pollution problem.

References

1. Dockery D. W. et al Effects of inhalable particles on respiratory and health of
children, Am. Rev. Diseases, 139 (1989) 587-594.

2. Maenhaut W, Francois S. CajmeyerJ.; Report on First Research Co-ordination
Meeting. Vienna, Austria, 1993

3. Cohen D.D., Taha G, Stelcer E, Garton D, Box G.; Paper for 15th International Clean
Air Conference, 20-24 Nov. 2000, Sydney, Australia.

4. Suhaimi Hamzah et. al., Geol. Soc. Malaysia, Bulletin 24, October 1989,pp. 121-133.
5. Lim J. T, and Ooi S. K; Proceeding of National Symposium on The Impact of Haze,

Universiti Putra Malaysia, 21st April 1998.
6. Colbech I.; in T Kouimtzis and Samara C. (ed) Airborn Particulate Matter, The

handbook of Environmental Chemistry, Springer, 1995, pp 1-33.

SEMINAR RND 2000



Table 1: Information on the sampling sites
parameters

General description of the area

Major activities in the area

Major source emission

Sampling height

Frequency of sampling

Type of sampler used

Number of sample collected in
1997
Number of sample collected in
1998

Kuala Lumpur

Urban, high populated

Trading, administration,
industries

Transportation, illegal waste
burning, industries

10 meters from ground (on top of
2 storey building)

once a week (on monday)

GENT sampler unit

Fine: 48, Coarse: 48

Fine: 50, Coarse: 50

Bangi-Dengkil (30Kmtothe
south of Kuala Lumpur)

Sub-urban, residential area,
medium populated

Agriculture, industries,
universities and training
institutes.

Transportation, illegal waste
burning,

1.5 meters from the ground

twice a week (on monday and
friday)

GENT sampler unit

Fine: 80, Coarse: 80

Fine: 45, Coarse: 45

Table 2: Mass concentration for Klang Valley in 1997-1998
a. Non-haze
Sites

Kuala Lumpur

Bangi

Fine particle
(<2um)

30.9 ±14.4

36.8 + 17.3

coarse particle
(2-10um)

24.5 ±21.1

26.7+13.9

PM10
(<10um)

55.4 ±30.3

63.6 + 26.4

b. Haze period (15-26 September 1997)
Sites

Kuala Lumpur

Bangi

Fine particle
(<2um)

174.3 ±95.3

164.5 + 86.0

coarse particle
(2-1 Oum)

50.3 ±25.5

47.5 ± 23.6

PM10
(<10um)

224.6 ± 98.7

212.0 + 95.4



Table 3: Results of analysis of an intercomparison sample (NAT-3)

Element

Al

As

Br

Cl

Co

Cr

Fe

La

Mn

Na

Sb

V

Zn

MINT- NAA Lab.
(mg/Kg)

30710 ±950

ND

ND

1495 ±815

13.6 ±5.4

435 ±122

50270 ± 5440

27.2 ± 2.7

598 ± 82

3451 ±163

217±11

81.5 ±5.4

3098 ± 340

Overall mean of accepted
lab.
(mg/Kg)
34093 + 8631

23.0 ± 0.9

60.0 ± 49.2

1426 ±847

18.8 ±9.4

412 ±198

48314 ±5762

21.9 ±3.2

558 ±121

3362 ± 594

127± 11

94.5 ± 29.7

3981 ±591



Table 4: Distribution of elements in fine and coarse particles
Sites

Elements

Elt.C (ug/m3)

Al (ng/mJ)

V (ng/mj)

Ti (ng/m3)

Cl (ng/m3)

Mn (ng/m3)

K (ng/m3)

Na (ng/m3)

Br (ng/mj)

As (ng/m3)

Fe (ng/m3)

Cr (ng/mj)

Co (ng/m3)

Zn (ng/mJ)

Kuala Lumpur

Fine

5.9 ± 3.0

75.8 ± 98.7

2.9+1.9

39.1+86.3

106 ±162

3.8 ±5.0

58 ±136

112 ±105

8.1 ±7.0

2.5 ± 2.0

-

4.5 ± 8.6

0.3 ± 0.5

18.6 ±19.6

Coarse

ND

920 ± 560

1.5 + 1.0

50± 117

180 ±178

6.0 ±4.1

298 ±461

344 ± 290

2.3 + 14.4

1.3 ± 2.2

-

6.2 ±9.5

1.1 ±1.8

10.2 ±11.8

Bangi

Fine

6.7 ± 2.3

74.6 ± 68.7

5.3 + 3.6

ND

222 ± 297

1.7 ±2.0

463 ± 566

142 ±125

11.0±9.7

8.3 ±8.1

ND

4.4 ± 9.4

0.6 ± 0.8

23.3 ±31.0

Coarse

ND

1110 ±840

2.4 ±1.9

110 + 223

393 ± 399

5.5 ± 8.2

370 ±433

359 ±279

4.8 ±13.9

1.8 ±3.4

2335 ± 6044

7.1 ±13.9

0.4 ±2.5

31.3 ±76.1
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Figure 1: Daily and monthly concentrations of particulate for Kuala Lumpur site
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Figure 2: Plots of PM10 against Fine and Coarse particle fractions
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Figure 3: Daily Elt. C for Kuaia Lumpur and Bangi Sites



2000 ^ _
1500 ^ H

* 1000 g H
500 -j^H

0 - ^ ^
0

a. K versus Al

t ~ i

2000 4000

Al

b.Mn versus Al

c. Na versus Al

1000 2000 3000 4000 5000
At

6000

Figure 4: Plots of K, Mn and Na versus Al


