
 

 

Prosiding Seminar Kimia Bersama UKM-ITB VIII 

9-11 Jun 2009   
 

 

 

331 

 

 

DETERMINATION OF  LEAD, CATIONS AND ANIONS CONCENTRATION IN INDOOR 

AND OUTDOOR AIR AT THE PRIMARY SCHOOLS IN KUALA LUMPUR 

 

NORMAH AWANG
a
, FARHANA JAMALUDDIN

a
 & MOHD. TALIB LATIF

b 

 

a
 Environmental Health Programme, Faculty of Allied Health Sciences, Universiti Kebangsaan 

Malaysia, Jalan Raja Muda Abdul Aziz, 50300, Kuala Lumpur 

b
 School of Environmental Sciences and Natural Sources, Faculty of Science and Technology, 

Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor 

email address: normahawang1969@yahoo.com 

 

ABSTRACT 

 

This study was carried out to determine the concentration of lead (Pb), anions and cations at six 

primary schools which are  located around Kuala Lumpur. Low volume sampler (MiniVol PM10) was 

used to collect the suspended particulates in indoor and outdoor air. Results showed that the average 

concentration values of Pb in indoor air were in the range 5.18 ± 1.08 μg/g – 7.01 ± 0.08 μg/g which 

were higher than in outdoor air at all sampling stations. The concentration of cations and anions were 

also higher in outdoor air. The average concentration values of  Ca
2+

 were the highest (39.51 ± 5.01 

mg/g – 65.13 ± 9.42 mg/g) because it was exist naturally in soil dusts while the average concentration 

values of NO3
-
 and SO4

2-
 were  higher in outdoor air because there were more sources of exposure for 

anions in outdoor air such as highly congested traffic and motor vehicles emissions. In comparison, 

the average concentration values of NO3
-
 (29.72 ± 0.31 μg/g – 32.00 ± 0.75 μg/g) were slightly higher 

than SO4
2-

. The concentrations most of the parameters in this study such as Mg
2+

, Ca
2+

, NO3
-
, SO4

2-
 

and Pb
2+ 

 were higher in outdoor air at all sampling stations. 

 

Keywords: air pollution; primary school; lead; cation; anion 

 

ABSTRAK 

Kajian ini dijalankan untuk menentukan kepekatan plumbum (Pb), anion dan kation di enam buah 

sekolah rendah di sekitar pusat bandaraya Kuala Lumpur. Persampelan dijalankan menggunakan 
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persampel berisipadu rendah (MiniVol PM10) bagi memerangkap zarahan terampai di udara dalaman 

dan luaran. Hasil kajian ini mendapati kepekatan Pb adalah tinggi di udara dalaman dengan julat 5.18 

± 1.08 μg/g – 7.01 ± 0.08 μg/g. Kepekatan kation (Mg
2+

, Ca
2+

 dan K
+
), adalah lebih tinggi di udara 

luaran berbanding dalaman. Ion Ca
2+

 menunjukkan kepekatan tertinggi berbanding kation lain dan julat 

kepekatannya ialah 5.01 mg/g – 65.13 ± 9.42 mg/g. Kedua-dua anion (NO3
-
 & SO4

2-
) menunjukkan 

kepekatan yang tinggi di udara luaran kerana udara luaran lebih terdedah kepada sumber penghasilan 

partikel dan zarahan terampai seperti kepadatan trafik yang tinggi dan pelepasan dari kenderaan 

bermotor. Ion  NO3
-
 didapati mempunyai kepekatan yang lebih tinggi dengan julat 29.72 ± 0.31 μg/g – 

32.00 ± 0.75 μg/g di udara luaran berbanding ion  SO4
2-

. Parameter kajian seperti ion Mg
2+

, Ca
2+

, NO3
-
, 

SO4
2-

 dan juga Pb mempunyai nilai kepekatan yang lebih tinggi di udara luaran pada setiap stesen 

persampelan. 

 

Kata kunci: pencemaran udara; sekolah rendah; plumbum; anion; kation 

 

INTRODUCTION 

 

Air pollution is generally the most widespread and obvious kind of environmental damage 

(Cunningham et al. 2005). Kuala Lumpur is the capital as well as the largest city in Malaysia. The 

last decade has seen its phenomenal growth as a center of commerce in this region. This trend is 

still continuing. Because of this, there is a need to address the energy consumption and 

environmental situation, such that its future growth will be in harmony with nature (Lodhi et al. 

1997). With the increase in energy consumption and urbanization, increase in ambient air 

pollution seemed inevitable (Chen et al. 2004). 

 

Air pollutants exist in the form of solid, semi-solid, liquid and gases that being emitted 

directly or indirectly from its sources of pollution (Mohd. Talib et al. 2002). Some of heavy metals 

such as lead and cadmium are common environmental pollutants in industrialized and developing 

nations (Hogervost et al. 2007). Lead is very toxic, non – degradable heavy metal and exist 

naturally in Earth’s crust (Shen et al. 1995; Tong et al. 2000). Lead in atmosphere arise from two 

major ways which are primary sources involved lead from mining activities and secondary sources 

such as industrial emission, battery manufacturing and its use as additives in motor vehicles 

gasoline (Mao et al. 2008). In any  population, children are more vulnerable to lead exposure than 

adults because of hand-to-mouth activites, high rate of gastrointestinal absorption and developing 
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brains are more sensitive to insults resulting from lead exposure (Wilson 1983; Muhammad et al. 

2008). 

Ionic species either anions or cations significantly contributed as particulate in air 

pollution (Mysliwiec & Kleeman 2002). Generally, anion such as sulphate (SO4
2-

) and nitrate 

(NO3
-
) are secondary particulate and usually dominated in air pollution (Schlesinger & Casse 

2003). Meanwhile, cations like calcium (Ca
2+

) arises from soils, magnesium (Mg
2+

) dan klorida 

(Cl
-
) from marine sources (Tsitouridou et al. 2003). 

 

In this paper we reported the concentration of lead, cations and anions in air at the primary 

schools in Kuala Lumpur. Then, we have compared the concentration of the parameters between 

indoor and outdoor air in every sampling stations. 

 

METHODOLOGY 

 

STUDY AREA 

This study was conducted in Kuala Lumpur which characterized as highly congested traffic city. 

Six sampling points were chosen by using stratified random sampling and size for known 

population was calculated. 

Table 1.   List of sampling station 

Sampling 

Station 

Primary schools 

A SK Jalan Raja Muda Abdul Aziz  

B SK (L) Jalan Batu 

C SK Jalan Hang Tuah 1 dan 2 

D SK St. John 1 dan 2 

E SK (P) Pudu 1 dan 2 

F SK Convent Sentul 1 dan 2 

 

 

SAMPLING AND ANALYSIS 

Suspended particulate for indoor and outdoor air being sampled using Low volume sampler 

(MiniVol PM10) for 24 hours duration with fibre glass filter papers pore size 0.45 μm and diameter 

47 mm.  The filters was then split into two parts, whereby the first half was used for analysis of 

anions and cations, whilst the second half was used for analysis of plumbum. For plumbum 

concentration determination, part of filter paper being added with nitric acid ad perchloric acid 
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with ratio 16:4. Then the mixture was filtered using vacuum pump with cellulose acetate filter 

papers (pore size 0.2 μm) and 50 ml of deionized water was added. Plumbum concentration in 

particular samples have been determined using Inductive Coupled Plasma-Mass 

Spectrophotometry (ICP-MS). 

For analysing anions and cations, the second parts of filter paper being added with 40 ml 

of deionized water into centrifuge tube. Centrifugation was done for 45 minutes at 1500 rpm. Then 

the mixture was filtered using vacuum pump and 100 ml of deionized water was added. All 

samples that ready to undergo analysis were placed in polyethylene bottles at 4°C. Cations (Mg
2+

, 

Ca
2+

 and K
+
) was analyzed by using AAS meanwhile anion (NO3

-
 and SO4

2-
) concentration 

determined by HACH DR 2800 spectrophotometer. The data was then analysed using software 

Statistical Package for the Social Sciences (SPSS) version 16. 

 

RESULTS AND DISCUSSION 

 

Concentration of lead for indoor and outdoor air. 

Overall, this study indicated that lead concentration was higher for indoor air rather the outdoor 

air. For indoor air, mean of plumbum concentration was in the range 5.18 ± 1.08 μg/g – 7.01 ± 

0.08 μg/g meanwhile for outdoor air was 3.25 ± 0.35 μg/g – 4.09 ± 0.71 μg/g (Table 2). Based on 

one-way ANOVA test, there was a significant different (p<0.05) for plumbum in indoor air. 

Station F showed highest lead concentration for indoor air due to the location of classroom near 

main road which was highly congested during peak hours. Shen et al (1995) and Norlen et al. 

(2004) also stated that stationeries, desk paint and coloured book wrappers contributed to lead in 

indoor air. Study by Clark et al. (2006) determined that old paint based on its colour in the market 

contained lead in certain countries like China, India and Malaysia. 

 

 

Table 2.   Concentration of Pb for both indoor and outdoor air according to sampling stations 

Sampling station Concentration of Pb (μg/g) 

Indoor air Outdoor air 

A 6.05 ± 1.14 3.90 ± 1.04 

B 6.01 ± 0.62 3.25 ± 0.35 

C 7.01 ± 0.08 3.53 ± 0.05 

D 5.64 ± 0.09 4.09 ± 0.71 

E 5.18 ± 1.08 3.33 ± 0.08 

F 8.15 ± 0.52 3.99 ± 1.15 
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Concentration of cations in indoor and outdoor air.  

Concentration of Mg
2+

 in indoor air was in the range 1.83 – 3.87 mg/g meanwhile for outdoor air 

was 2.63 – 4.41 mg/g (Table 3). The average concentration value of Mg
2+

 was the lowest 

compared to the others cation. Ion Mg
2+

 was one of the component with high concentration in sea 

spray aerosol which was far from sampling points (Kim et al. 2002). But for Ca
2+

, the range of 

concentration was quite high,  30.30 ± 2.09 mg/g – 48.33 ± 1.97 mg/g in indoor air meanwhile for 

outdoor air was 39.51 ± 5.01 mg/g – 65.13 ± 9.42 mg/g (Table 3) since its exist naturally in soils 

and Earth’s crust. Station A showed highest concentration of Ca
2+

 in outdoor air. Existance of 

indoor Ca
2+

 probably arised from soil dust being introduced to indoor environment. In this case 

this was due to the construction project located in the school compound. There was a significant 

different of Ca
2+

 concentration for both indoor and outdoor air based on the statistical test. Ion K
+
 

for indoor air was in the range 38.07 ± 1.03 – 60.56 ± 3.71 mg/g meanwhile for outdoor air was 

37.64 ± 5.33 mg/g – 66.33 ± 7.54 mg/g (Table 3). Statistical tests showed that the significant 

different of K
+
 concentration was only in outdoor air. K

+
 was mineral found in Earth’s crust that 

being transferred from rocks to soil (Kim, 2002; Lim et al. 2006). 

 

Table 3.  Concentration of Mg
2+

, Ca
2+

 and K
+ 

for both indoor and outdoor air according to 

                      sampling stations 

 

Sampling 

Station 

Mg
2+

  ions (mg/g) Ca
2+

 ions (mg/g) K
+
 ions (mg/g) 

Indoor Outdoor Indoor Outdoor Indoor Outdoor 

A 3.87±0.05 4.41± 1.07 47.65±2.12 65.13±9.42 60.56±3.71 61.69±5.24 

B 3.06±0.18 3.28 ± 

1.54 

48.33±1.97 61.49±9.67 38.07±1.03 37.64±5.33 

C 2.59±0.99 3.23 ± 

1.89 

38.85±0.72 56.03±9.72 52.80±1.41 66.33±7.54 

D 2.64±0.87 3.03 ± 

0.74 

36.92±1.56 52.34±7.16 45.09±1.09 64.25±4.92 

E 1.83±0.39 2.81 ± 

1.93 

40.8 ± 0.53 60.56±4.93 48.74±1.34 50.16±4.36 

F 1.88±0.11 2.63 ± 

0.12 

30.30±2.09 39.51±5.01 58.23±0.97 49.28±5.05 
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Concentration of anions in indoor and outdoor air 

The average concentration value of SO4
2-

  in indoor air at every sampling points was in the range 

21.76 ± 1.13 μg/g – 23.42 ± 0.91 μg/g meanwhile in outdoor air was 22.89 ± 2.04 μg/g – 23.95 ± 

0.92 μg/g (Table 4). The concentration of ion SO4
2-

 was high in outdoor air  due to the emission 

sources from motor vehicles that resulted in heavy traffic nearby the schools. Emission of 

antropogenic pollutants such as sulphur dioxide, vehicles exhaust and also naturally emitted from 

decaying of plants and animals may increase the concentration of SO4
2-

 in air (Zailina et al. 1999; 

Ariola 2006). The average concentration value of ion NO3
-
 in indoor air was in the range 21.34 ± 

0.97 μg/g – 24.80 ± 0.58 μg/g meanwhile its concentration in outdoor air was 29.72 ± 0.31 μg/g – 

32.00 ± 0.75 μg/g (Table 4). Overall, the concentration of NO3
-
 can be seen higher in outdoor air. 

Fuels and exhaust emission from motor was the main sources for the anions in the air. Also, dust 

particles usually contained about 10.8% of NO3
-
 ion (Daizhou & Yasunobu 1999). 

 

Table 4.    Concentration of SO4
2-

  and NO
3-

for both indoor and outdoor air according to sampling  

                 stations 

 

Sampling 

station 

 

SO4
2-

 (mg/g) NO
3-

 (mg/g) 

Indoor Outdoor Indoor Outdoor 

A 21.76 ± 1.13 22.89 ± 2.04 25.36 ± 0.76 31.10 ± 0.08 

B 22.81 ± 0.55 23.09 ± 1.35 23.17 ± 1.56 32.00 ± 0.75 

C 23.42 ± 1.91 23.95 ± 2.51 21.79 ± 0.38 30.93 ± 0.41 

D 23.05 ± 2.43 23.38 ± 2.74 22.53 ± 1.21 30.72 ± 0.26 

E 22.76 ± 1.81 23.73 ± 1.21 24.80 ± 0.58 29.53 ± 0.63 

F 22.71 ± 2.14 24.52 ± 1.03 21.34 ± 0.97 29.72 ± 0.31 

 

 

CONCLUSION 

Concentration of lead for both indoor and outdoor air did not exceed the standard given by 

Department of Environment (1.5 μg/m
3
). But the level of the contaminants must be monitored 

from time to time because exposure to the high concentration of lead can cause chronic health 

effects. All the sampling stations showed the concentration of cations and anion were higher in 

outdoor air. This may be due to outdoor environment exposed to higher sources of this ionic 

species. Relative concentration for cations in this study was Ca
2+

 > K
+
 > Mg

2+
 meanwhile for 

anions was NO3
-
 > SO4

2-
. 
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