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Despite all efforts taken by the Government, water quality related problems 

in Malaysian rivers remain unresolved. This is mainly due to the fact that most of 

the attention is focused on the point source (PS) pollutions whereas a significant 

amount of annual pollution load is also generated from the nonpoint sources (NPS) 

as a result of storm runoff. After the endorsement of the urban stormwater 

management manual by the cabinet in June 2000, it was realised that in order to 

quantify the significance of NPS pollution there was an urgent need to conduct 

detail studies on the storm runoff quality from various landuses in Malaysia. As 

such, this pioneer study was conducted in detail to characterise the storm runoff 

quality fi-om a developed urban residential area. 

Rainfall is the main driving force of nonpoint source pollution. Therefore, 

the daily rainfall data was collected from a nearby station to study the distribution 

of daily rainfall from 1985 to 2003. It was found that about 83% of the storm 



events was less than or equal to 25 mm. This proved that the most frequent and 

small rainfall events were responsible for more NPS pollution. This finding was in 

agreement with the hypothesis that frequent rainfall events cause more NPS 

pollution. Frequency analysis of monthly maximum rainfall revealed that rainfall 

amount of 3-month return period for the NPS pollution control would be 60 rnm. 

FiRy-six rain events were monitored to calculate the event mean 

concentration (EMC) values of the parameters, which are contributed mostly from 

the nonpoint pollution sources. The median EMC values for Turbidity, TDS, TSS, 

BOD, COD, Pb, Zn, Cu and Cr were calculated to be 36 NTU, 47.3, 126.5,29, 120, 

0.0143, 0.3046, 0.0135 and 0.0187 mg/L, respectively. These data can be used to 

calculate the annual pollution loading from an urban residential area with combined 

sewerage system, which conveys sullage and storm runoff. 

It was determined that TSS (78.4%), COD (51.8%), Pb (loo%), Zn (80%), 

Cr (100%) and Cu (52.7%) were mostly generated from the nonpoint pollution 

sources. This finding was in agreement with the second hypothesis that nonpoint 

sources contributed more annual TSS, COD and heavy metal loads than point 

sources in a developed urban residential area. Compared to the point sources, 

and TDS loadings were generated from the nonpoint 

1% and 20%, respectively. However, according to the 

existing water quality guideline, contribution of BOD loading from runoff was 

considered significant. The hypothesis was not true in the case of BOD and TDS 

annual loading, which were more generated from the point sources. 

lesser amounts of BOD 

sources, which were 39. 



First flush phenomenon was also analysed for the selected parameters. It 

was found that the first flush phenomenon in the study area was weak and irregular 

indicating that the capture of first flush would not be an effective way to control 

NPS pollution from the area. Based on the frequency analysis of rainfall data, it 

was recommended that isolation of first 25 mm runoff would be a more feasible 

way to control NPS pollution loading fiom the study area. 

Multivariate regression models were proposed for TDS, TSS, Zn and Cu, 

which could be used to estimate pollution loading fiom the residential areas having 

activities and drainage system similar to this study area. Models for other 

parameters exhibited low coefficients of determinations (less than 0.50) and, 

therefore, considered not usefhl for the estimation of pollution load fonn nonpoint 

sources of a developed urban residential area 

Water quality indices (WQI) of sullage and storm runoff were calculated to 

evaluate the average quality of the wastewaters released tiom the study area. The 

median WQI of sullage during the working, weekend and non-working days were, 

30.2,3 1.2 and 26.8, respectively. Sullage quality during the Sunday was inferior to 

other days by about 3 to 4 WQI points. The mean water quality index of sullage 

discharged from the study area was equivalent to Class V of MWQS. The median 

WQI values of storm runoff during minor, medium and large rain events were 38.3, 

44.1 and 39.9, respectively. The average runoff quality at the drainage outlet of the 

residential area was equivalent to Class IV of the INWQS. The study also 

proposed a water quality index (WQIR) to evaluate the return water quality fonn 

the developed urban residential area. However, further detailed analyses might be 

required to adopt the proposed WQIR for implementation. 
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Walaupun pelbagai langkah telah diarnbil oleh Kerajaan, masalah 

berhubung kualiti air masih tidak dapat dikawal. Ini adalah kerana kebanyakan 

tumpuan adalah kepada pencemaran punca titik (PS) sedangkan sebahagian besar 

beban pencemaran tahunan dihasilkan oleh pencemaran punca bukan titik (NPS) 

menerusi air larian hujan (ribut). Susulan persetujuan Jemaah Kabinet terhadap 

pelaksanaan Manual Saliran Mesra Alam pada Jun 2000, disedari bahawa untuk 

menilai kepentingan pencemaran oleh NPS, kajian-kajian terperinci mengenai 

kualiti air larian hujan (ribut) dari pelbagai guna tanah di Malaysia adalah perlu. 

Sehubungan itu, kajian perintis ini dilaksanakan untuk menentukan ciri-ciri kualiti 

air larian hujan (ribut) dari satu kawasan kediaman bandar yang merupakan 

sebahagian besar guna tanah kawasan yang telah dibangunkan di negara ini. 

Hujan adalah faktor utama punca pencemaran NPS. Oleh itu, data hujan 

harian telah dikumpul dan dianalisis untuk mendapatkan taburan hujan harian dari 

tahun 1985 hingga 2003. Hasil kajian menunjukkan 83% dari peristiwa hujan, 

jumlahnya tidak melebihi 25 mm. Ini menunjukkan bahawa kebanyakan peristiwa 

hujan yang kerap dan sedikit merupakan faktor utama pencemaran NPS. Analisa 



kekerapan hujan bulanan untuk nilai maksimurn menunjukkan rekabentuk hujan 

(untuk tempoh 3 bulan kala kembali) untuk kawalan pencemaran NPS di kawasan 

kajian ialah 60 mm. 

Lima puluh enam peristiwa hujan dipantau untuk mendapatkan nilai-nilai 

"Event Mean Concentration" (EMC) bagi parameter-paramater utama akibat 

pencemaran NPS. Nilai median EMC untuk Kekeruhan, TDS, TSS, BOD, COD, 

Pb, Zn, Cu dan Cr masing-masing ialah 36 NTU, 47.3, 126.5, 29, 120, 0.0143, 

0.3046, 0.0135 dan 0.0187 mg/L. Data ini boleh digunakan untuk menilai beban 

pencemaran tahunan dari sebuah kawasan kediaman bandar dengan sistem 

gabungan kurnbahan-limbahan yang mengalirkan air limbah dan air larian hujan. 

Dinyatakan di sini bahawa 78.4% TSS, 51.8% COD, 100% Pb, 80% Zn, 

100% Cr dan 52.7% Cu adalah disebabkan oleh pencemaran NPS. Kajian ini 

menepati hipotesis kedua, di mana NPS merupakan penyumbang besar kepada 

beban tahunan TSS, COD dan logam berat berbanding PS di kawasan penempatan 

yang membangun. Beban BOD dan TDS yang dihasilkan oleh punca bukan titik 

iaitu 39.1 % dan 20% masing-masing adalah lebih rendah jika dibandingkan dengan 

punca titik. 

Walaubagaimanapun, berdasarkan panduan kualiti air sediada, sumbangan 

beban BOD daripada air larian hujan adalah dianggap penting. Dalam keadaan ini, 

hipotesis yang menyatakan beban tahunan BOD dan TDS lebih banyak dihasilkan 

oleh punca titik adalah tidak sahih. 

Fenomena pancur pertama ("first flush phenomenon") juga telah dianalisa 

untuk parameter-parameter terpilih. Di kawasan kajian, didapati fenomena ini 

adalah lemah dan tidak menentu. Oleh itu, pengasingan pancur pertama adalah 

vii 



tidak berkesan dalam pengawalan pencemaran NPS dari kawasan tersebut. 

Sebaliknya, adalah disyorkan pengasingan 25 mm air larian pertama sebagai 

langkah paling baik untuk meminimumkan pencemaran NPS di bandar-bandar di 

Malaysia. 

Model regrasi multivariat bagi TDS, TSS, Zn dan Cu telah disarankan 

untuk menganggar bebanan pencemaran dari kawasan penempatan yang 

mempunyai aktiviti-aktiviti dan sistem perpaipan yang serupa. Model-model untuk 

parameter-parameter yang lain menunjukkan kadar bacaan yang rendah (kurang 

daripada 0.50), dan dengan itu dianggap tidak begitu berfaedah dalam menganggar 

beban pencemaran NPS di kawasan penempatan membangun. 

lndeks kualiti air (WQI) untuk air limbah dan air larian hujan telah dikira 

bagi menganalisis purata kualiti air kurnbahan yang dihasilkan di kawasan kajian. 

Purata WQI untuk air limbah pada waktu bekerja, cuti hujung minggu dan bukan 

hari bekerja masing-masing adalah 30.2, 31.2 dan 26.8. Kualiti air limbah pada 

hari Ahad adalah lebih rendah daripada hari-hari yang lain di antara 3 ke 4 WQI. 

Purata indeks kualiti air untuk penghasilan air limbah dari kawasan kajian adalah 

setara dengan kelas V dalam piawaian kualiti air interim kebangsaan (INWQS). 

Nilai purata WQI untuk air larian hujan semasa minor, medium dan major 

peristiwa hujan masing-masing ialah 38.3, 44.1 dan 39.9. Purata kualiti air larian 

hujan di saluran keluar dari kawasan penempatan adalah setara dengan kelas IV 

dalam INWQS. Kajian ini juga menyarankan indeks kualiti air (WQIR) dalam 

menilai kala kembali kualiti air dari kawasan penempatan yang membangun. 

Walaubagaimanapun, analisa lanjutan yang terperinci adalah perlu dalam 

pelaksanaan WQIR. 
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