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Introduction
Monitoring the nitrate concentration in water courses will give us 

an idea of the extent of pollution from agricultural fertilizer run-off 
and might be used to predict the eutrophic state in such as those from 
China.1,2 The environmental concern on this nutrient are 1) it causes 
methemoglobinemia, a disease which could be totally prevented, 
2) the toxicity effects of nitrate are especially susceptible to infants 
below the age of 4months.3,4 and 3) the sources of water in rural areas 
are prone to nitrate contamination due to the increased usage of nitrate 
fertilizers.5 

In the aquatic environment, natural events such as atmospheric and 
geological depositions, runoff from various water sources, fixation N2 
and biological degradation of organic matter have brought upon the 
release of in organic nitrogen in their most reactive forms, namely 
ammonium ( 4NO+ ), nitrite ( 2NO−

) and nitrate ( 3NO−
).6 Naturally, 

nitrate concentrations are found to be higher in the aquatic ecosystem 
as compared to ammonium and nitrite.7 These three reactive elements 
are eliminated by aquatic organisms which utilize them as a source 
of nitrogen.8 Nitrate acts as an inhibitor of oxygen carrying activities 
in aquatic organisms by transforming oxygen-carrying pigments 
(e.g., hemoglobin, hemocyanin) into inactive susbtances (e.g., 
methemoglobin).9 

Consuming drinking water with high levels of nitrate causes 
detrimental health effects to human. As nitrate enters the biological 
system, especially in infants, it will be converted into nitrites which 
may halt the normal oxygen-carrying capacity of hemoglobin.10 This 
health complication is known as methemoglobinemia or ‘blue baby’ 
syndrome which occurs in infants and stomach cancer in adults.11 
Apart from that, the formation of nitrosamines (a highly carcinogenic 
substance to mammals) take place in the digestive tract through 
ingestion of nitrates, adding to the risks of cancer.10 Previously, Yap 
et al.12 reported that the nitrate concentration in the offshore and 
intertidal coastal waters of the Straits of Malacca. However, an in 
depth study on nitrate levels in the rivers and drainages in Malaysia 
is very limited. Although nitrate has been a commonly known 
contaminant in ground water of agricultural areas but there is a lack of 
reported studies addressing this issue in tropical regions.3 This study 
evaluated the concentrations of NO3

-N in surface water collected from 
some urban drainages and intertidal area from northern to southern 
parts of Peninsular Malaysia. The river water of these area received 
water runoff from agricultural activities (fertilization) and urban 
catchment (sewage) that may leach nitrate.13,14 On the other hand, 
Sigua et al.15 noted that the nitrogen and phosphorous availability 
for the requirement of maize plantations are greatly influenced by 
irrigation management decision and may possibly minimize the loss 
of nutrients from leaching. 
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Abstract

The intertidal and urban waters of west Peninsular Malaysia are interesting area for 
ecotoxicological studies because they receive wastes due to agricultural, municipal and 
industrial wastes along the west coast of Peninsular Malaysia. Surface water samplings 
were conducted from the intertidal coastal waters and from urban rivers/drainages from 
northern to southern parts of the west coastal areas of Peninsular Malaysia between January 
and April 2005. These nitrate levels in the south western part ranged from 0.33-0.56mg/L 
while those in the north western part ranged from 0.11 to 1.91mg/L. These nitrate levels 
in these intertidal waters were much lower than those found for urban drainages (0.45 to 
2.27mg/L) of Peninsular Malaysia. Overall, the mean values for the nitrate concentrations 
(mg/L) follow: Urban drainages (1.04)>north western intertidal (0.79)>south western 
intertidal (0.43). The results showed the occurrence of nitrate contamination in the urban 
area due to human-induced activities such as domestic wastes. Albeit this study revealed no 
serious threat of nitrate contamination in the urban and intertidal coastal waters compared 
to the safety limits, continuous monitoring should be carried out on the concentrations of 
nitrate in the aquatic ecosystem of Peninsular Malaysia since it could be a harmful nutrient 
to living organisms if presented in excessive concentrations. 
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Knowing that nitrate contamination can serve as a useful indicator 
of overall water quality and since the information of nitrate in the 
river and drainage waters of west Peninsular Malaysia is lacking 
in the literature, this study aims to provide the status of nitrate 
contamination level in the waters of rivers, drainages and intertidal of 
west Peninsular Malaysia. 

Materials and methods
Seawater samples were collected during three sampling periods. 

The first sampling in January 2005 covered the southern part of 

Peninsular Malaysia. The second sampling in April 2005 covered 
the northern part, while the third sampling (in April 2005) covered 
the central part of Peninsular Malaysia along the intertidal waters of 
west coastal areas. The sampling stations were established from Kuala 
Perlis in the north to the southern Johore. Triplicates of the surface 
water samples from each station were collected. For comparative 
purposes, water samples were collected from nine urban rivers water 
near a few townships. Information on the date of sampling and global 
positioning system (GPS) of each sampling site of the south western 
part, north western part and urban drainages of Peninsular Malaysia 
are given in Tables 1‒3, respectively.

Table 1 Date of sampling and GPS of each sampling site of the Intertidal waters of south western part of Peninsular Malaysia

No. Locations Date of 
sampling Longitude Latitude Description of site

1 Kg. Pasir Puteh 19-Jan-05 N 01°26.001’ E 103°55.326’ A jetty

2 Pantai Lido 19-Jan-05 N 01°28.144’ E 103°43.553’ A jetty

3 Tanjung Piai (Tg. Piai) 18-Jan-05 N 01°16.925’ E 103°30.585’ A mangrove area

4
Kukup Jetty (near mussel culture site) 
(Kukup-2)

18-Jan-05 N 01°19.550’ E 103°26.501’ A jetty

5 Kukup Jetty (near jetty) (Kukup-1) 18-Jan-05 N 01°19.550’ E 103°26.501’ A jetty

6 Sungai Senggarang 18-Jan-05 N 01°44.888’ E103°03.181’ A river

7 Sungai Rambah (Pontian) 18-Jan-05 N 01° 25.790’ E 103°25.018’ A river

8 Sungai Rambah (Sg. Pontian) 18-Jan-05 N 01° 25.790’ E 103°25.018’ A river

9 Pulau Ketam Jetty (J.P. Ketam-2) 17-Jan-05 N 03°01.213’ E 101°21.733’ An old and abandoned woody jetty

10 Pulau Ketam Jetty (J.P. Ketam-1) 17-Jan-05 N 03°01.213’ E 101°21.733’ An old and abandoned woody jetty

11 Sungai Ho/Ark 17-Jan-05 N 02°59.132’ E 101°24.173’ A boat repairing house

12 Sungai Benut 18-Jan-05 N 01°39.095’ E 103°15.158’ A river

13 Minyak Beku 18-Jan-05 N 01°47.732’ E 102°53.327’ A rocky shore

14 Port Dickson Jetty 17-Jan-05 N 02°31.315’ E 101°47.745’ A jetty

15 Sungai Lukut Besar 17-Jan-05 N 02°35.164’ E 101°49.614’ A mangrove area

16
Jetty Star Cruise, Pulau Indah (T.S. 
Cruise) 17-Jan-05 N 02°59.157’ E 101°20.317’

A rocky shore near a Terminal Star Cruise 
platform

17 Selat Lumut 17-Jan-05 N 02°58.730’ E 101°23.000’ A jetty

18 Sungai Batu Pahat 18-Jan-05 N 01°51.481’ E 102°55.460’ A river

19 Jetty Bandar Hilir Melaka (J.B. Hilir) 17-Jan-05 N 02°11.398’ E 102°14.708’ A jetty

Table 2 Date of sampling and GPS of each sampling site of the Intertidal waters of north western part of Peninsular Malaysia

No. Locations Date of sampling Longitude Latitude Description of site

1 Tanjung Harapan 25-Apr-05 N 03°005.96’ E 101º21.637’ A rocky recreational site

2 Kapar Besar River 25-Apr-05 N 03°00.141’ E 101º21.823’ A mangrove area

3 Janggut River 25-Apr-05 N 03°08.161’ E 101º22.511’ A mangrove area

4 Jeram River 25-Apr-05 N 03°10.403’ E 101º18.819’ A mangrove area

5 Sg. Buloh 25-Apr-05 NA NA A mangrove area

6 Kg. Kuantan 18-Apr-05 N 03°21.745' E 101º18.093' A jetty
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No. Locations Date of sampling Longitude Latitude Description of site

7 Kg. Penambang 18-Apr-05 N 03°21.744' E 101º18.096' A jetty

8 Sg. Bernam 18-Apr-05 N 03°21.599' E 101º14.965' A river

9 Hutan Melintang 18-Apr-05 N 03°52.345' E 100º55.965' A mangrove area

10 Pelabuhan Hutan Melintang 18-Apr-05 N 03°21.599' E 101º14.965' An abandoned port

11 Bagan Datoh 18-Apr-05 N 03°59.563' E 100º47.150' A rocky shore

12 Lumut 18-Apr-05 N 04°14.145' E 100º37.854' A jetty

13 J.R.P.Bainon 18-Apr-05 N 04°16.803' E 100º39.335' A river

14 Kuala Kurau (K. Kurau) 18-Apr-05 N 05°00.928' E 100º25.867' An estuary

15 Sg. Kuala Kurau (P.K.Kurau) 18-Apr-05 N 05°01.052' E 100º26.017' A river

16 Jalan Pantai Kurau (K.Kurau J.) 18-Apr-05 N 05°01.106' E 100º24.779' A roadside drainage

17 Tanjung (Tg.) Piandang 18-Apr-05 N 05°04.524' E 100º22.528' A mangrove area

18 Bagan Tiang-1 (B. Tiang-1) 18-Apr-05 N 05°08.517' E 100º22.459' Offshore

19 BaganTiang-2 (J.B. Tiang)) 18-Apr-05 N 05°06.702' E 100º23.840' A small jetty

20 Kuala Juru-2 (K. Juru-2) 20-Apr-05 N 05°20.410' E 100º24.518' Juru Estuary

21 Kuala Muda (K. Muda) 20-Apr-05 N 05°34.343' E 100º21.735' A jetty

22 Kuala Kedah Jetty (J.K. Kedah) 20-Apr-05 N 06°06.333' E 100º17.149' A jetty

23 Kedah River (Sg. Kedah) 20-Apr-05 N 06°06.624' E 100º17.282' A jetty

24 Sungai Berembang 18-Apr-05 N 06°21.313' E 100º08.787' A rocky shore

25 Kuala Perlis 18-Apr-05 N 06°23.927' E 100º07.740' A jetty

Note: Not available

Table 3 Date of sampling and GPS of each sampling site of the urban drainages of west part of Peninsular Malaysia

No. Locations Date of sampling Longitude Latitude Description of site

1 Klang-3 25-Apr-05 N 03º01.120’ E 101º22.453’ An urban drainage

2 Klang-2 25-Apr-05 N 03º01.151’ E 101º22.421’ An urban drainage

3 Klang-1 25-Apr-05 N 03º03.684’ E 101º30.347’ An urban drainage. Taman Rashna

4 Shah Alam-2 25-Apr-05 N 03º03.683’ E 101º31.173’ An urban drainage.

5 Shah Alam-1 25-Apr-05 N 03º02.665’ E 101º32.512’ An urban drainage.

6 Serdang 25-Apr-05 N 05º20.072’ E 100º26.080’ An urban drainage. Besides JP Metal Factory

7 Kuala Juru-3 20-Apr-05 N 05º20.105' E 100º26.011' An urban drainage. Besides Packard Bell Factory

8 Kuala Juru-1 20-Apr-05 N 05º19.772' E 100º26.083' An urban drainage. Juru industrial area near Juru River

9 Alor Setar 20-Apr-05 N 06º07.420' E 100º21.595' An urban drainage

Table continue

Upon sample collection, the samples were immediately filtered 
by using filter paper Whatman No. 1 into preacid-washed pillboxes. 
Later, they were preserved with concentrated HCL below pH2 and 
were kept in a cool box <4°C until transportation to laboratory. The 
nitrate level in seawater was determined according to the hydrazine 
reduction method.16 The prepared samples were measured for nitrate 

concentrations at the absorbance of 540nm using a spectrophotometer 
model Shimadzu UV 160. A calibration curve was prepared with 
known nitrate concentrations (0.05mg/L:0.026abs; 0.010mg/
L:0.048abs; 0.30mg/L:0.132abs; 0.50mg/L:0.212abs) prepared from 
analytical grade KNO3.
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Results
The nitrate concentrations in the surface waters collected from 

the intertidal area of the south western part, north western part and 
urban drainages of Peninsular Malaysia are presented in Figures 1‒3, 
respectively. These nitrate levels in the south western part ranged 
from 0.33-0.56mg/L while those in the north western part were in 
the range of 0.11-1.91mg/L. These nitrate levels in these intertidal 
waters were much lower than those found for urban drainages (0.45 
to 2.27mg/L) of Peninsular Malaysia. Overall, the mean values for the 
nitrate concentrations (mg/L) follow: Urban drainages (1.04)>north 
western intertidal (0.79)>south western intertidal (0.43).

Figure 1 Nitrate concentrations (mg/L) in the surface waters collected 
from the intertidal area of the south western part of Peninsular Malaysia 
(19sampling sites).

Figure 2 Nitrate concentrations (mg/L) in the surface waters collected 
from the intertidal area of the north western part of Peninsular Malaysia 
(25sampling sites).

Figure 3 Nitrate concentrations (mg/L) in the surface waters from urban 
drainages of the west part of Peninsular Malaysia (9sampling sites).

Discussion
Yap et al.12 reported that the concentrations of nitrates in seawater 

were higher in samples collected from southern locations when 
compared to those collected from locations in the north. This was in 
contrast with the present result in which the northern part was found to 
have higher level of nitrate than those in the southern part as reported 
by Yap et al.12 These findings could be due to hydrologic factors such 
as raining that increased the dilution factor besides man-induced 
inputs. 

Comparison of nitrate levels of the present results with those found 
in the seawater of coastal areas in the literature is presented in Table 
4. Overall, the present results are lower and within those reported 
from the literature. Our nitrate concentrations are much lower than 
those reported by Ngenga17 for Nakuru Lake (16-90mg/L) and for 
Naivasha Lake (15-23.6mg/L) in Kenya and are comparable to those 
for Elementaita Lake (0.12-0.15mg/L) and Kolleru Lake (0.01-
1.47mg/L) during monsoon and non-monsoon in India. According to 
the Malaysian Guideline for Drinking Water Quality,18 the benchmark 
for nitrate level is 10.0mg/L. These nitrate levels are also considered 
low when compared with the acceptable nitrate level of 44.3mg/L 
for public health intervention in the US.19 In the incident of Tianjin 
Port 8.12 explosion, a massive amount of nitrate were spewed into 
the coastal soil-water system causing harm to the wellbeing of both 
human and the environment. Liu et al.2 reported a concentration of 
nitrate at approximately 1000mg/L within 5.0m depth, exceeding the 
standard groundwater concentration which is 30mg/L. 

It is interesting to document that higher levels of nitrate were 
found in the urban drainage waters when compared to those in the 
intertidal coastal waters and these results seem to be expected. The 
higher nitrate concentrations in urban drainage waters could be due 
to several reasons. 

Municipal discharge and industrial wastes are the main contributors 
of concentrated nitrogen compounds into surface waters. The lower 
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concentrations of nitrates in intertidal coastal waters than in the urban 
drainage waters could be due to dilution factor. However, it is noted 
that the main source of nitrogen (N) in coastal ecosystems originated 
from anthropogenic sources.20 The nitrate concentrations found in the 
intertidal coastal waters might be due to inland riverine discharges and 
atmospheric input of nitrate though precipitation. The higher levels of 
nitrates found in the city river and drainage waters, indicated that the 
nitrate contamination due to common sources such as livestock manure 
and chemical fertilizers for agricultural lands. Nitrate is an essential 
nutrient for aquatic plants including phytoplankton.21 In reservoirs and 
lakes, in the presence of large growth algae, the nitrate level can be 

rapidly depleted. Although the water samples collected and analyzed 
are not for direct human consumption, the comparison with WHO 
International Standard for drinking water is interesting for estimating 
the health risk if these water samples are being consumed by humans. 
Nitrates in high concentration in drinking water are harmful to human 
health. This is especially so for infants up to eight weeks who are 
fed with milk feed made up from water with a high nitrate content. 
Cyanosis (methaemoglobinaemia) may develop, the so-called ‘blue-
baby’ syndrome.22 The excessive nitrate concentrations in the feed is 
not broken to ammonia, as is normal, but nitrite. 

Table 4 Comparison of nitrate levels of the present results with those found in the seawater of coastal areas in the literature

Sampling site Number of 
sites NO3

- (mg/L) Sampling date Comment Reference

Glama (Norway) NS 0.065-0.33 Meybeck24

Lot (France) NS 0.32-0.52 Meybeck24

Meuse (Belgium) NS <0.1-6.3 Meybeck24

Tees (UK) NS 0.166-1.05 Meybeck24

Upper Volga NS 0.58-0.93 Meybeck24

Wye (Wales) NS 0.1-2.0 Meybeck24

Upper Parana, South America NS 0.03-0.86 Meybeck24

Blue Nile, Africa NS 0.001-0.10 Meybeck24

White Nile, Africa NS 0.010-0.09 Meybeck24

Orange, Africa NS 0.030-1.40 Meybeck24

Gombak NS 0.40-0.88 Meybeck24

Samutra NS 0.175 Meybeck24

Irrigated double rice cropping areas in 
Philippines NS 0-2.0 1998-2000 Bouman et al.11

WHO limit for drinking water NS 10.0 WHO25 

NS 0.37-4.45 Reynolds-Vargas and 
Richter,3

Vistula River, Poland NS 0.05-5.40 Polluted 
stretches Dojlido and Best21 

River Ruhr, Germany NS 3.00-3.80 Kornatzki and 
Koppe26

The Straits of Malacca 20 0.01-0.08 Nov-Dec, 1998 Yap et al.12

Intertidal coastal waters of Peninsular 
Malaysia 11 0.03-0.33 August, 1999 Yap et al.12

Groundwater from Temerloh 1 0.88 2000 Drinking water. Yap et al.12

Intertidal waters of south western part of 
Peninsular Malaysia 19 0.43 ± 0.01     

(0.33-0.56) 2005 This study

Intertidal waters of north western part of 
Peninsular Malaysia 25 0.79 ± 0.11      

(0.11-1.91) 2005 This study

urban drainages of the west part of 
Peninsular Malaysia 9 1.04 ±0.24      

(0.45-2.27) 2005 This study

Note: NS=unspecified
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According to Segar and Hariharan,23 the elevated levels of nitrate 
is likely caused by effluents near the sampling sites while the low 
levels of nitrate near the coastal waters could also be resulted from 
dilution effects with considerable runoff, thus limiting the building 
of free nitrate in the water column. The increased concentration of 
nitrate near human activity sites indicated the distribution pattern 
was in conformity with the patterns found in most reported studies in 
the literature. Therefore, a comprehensive water quality monitoring 
on nitrate contamination should be conducted, expanding to all 
sources of drinking water in Malaysia in order to better identify 
possible sources of contamination. Measures to improve the potency 
of nitrogen fertilizer and modernize sewage management practices 
should be implemented to safeguard the water quality of these 
productive aquatic ecosystems. The sources of nitrate contamination 
may be derived mainly from fertilization and sewage contamination. 

Conclusion
In conclusion, the comparison of spatial variations of nitrate 

concentrations between intertidal and urban drainage waters in the 
west coastal Peninsular Malaysia showed that nitrate contamination 
occurred in the urban area although it was not serious and could be 
considered as background at the time of sampling in January and April 
2005. The present results could become very useful data for future 
reference. Since nitrates are of great toxicological interest due to 
their involvement in nitrites and nitrosamines formation. Thus, future 
monitoring of nitrate levels in the coastal and urban river waters of 
Peninsular Malaysia is necessary. 
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