
Journal of S
cience &

 Technology                         Journal of S
cience &

 Technology                         Journal of S
cience &

 Technology

VOL. 27 (2) APR. 2019
Pertanika JST

Vol. 27 (2) A
pr. 2019

1st Floor, IDEA Tower II, 
UPM-MTDC Technology Centre
Universiti Putra Malaysia
43400 UPM Serdang
Selangor Darul Ehsan
Malaysia

http://www.pertanika.upm.edu.my/
E-mail: executive_editor.pertanika@upm.my
Tel: +603 8947 1622/1616

Pertanika Journal of Science & Technology 
Vol. 27 (2) Apr. 2019

Contents

 

 

Foreword
Abu Bakar Salleh i

Environmental Sciences
Review article 
An Overview on Biodegradation of Carbamate Pesticides by Soil Bacteria 

Johar and Mohd Yunus Abd Shukor

547

Water Quality Characteristic of the National Hydraulic Research Institute 
of Malaysia (NAHRIM) Lake Undergoing Remediation by the Constructed 
Wetlands: A Baseline Study 

Aliyu Danjuma Aliyu, Rusea Go, Hishamuddin Omar, Syazrin Syima 
Sharifuddin, Azroie Muhammad and Bashirah Fazli

565

Pollutants among School Children Nearby Industrial Areas in Terengganu 
-

don and Nur Hazirah Hisamuddin

589

Study of Dissolved Nutrient Condition at Pulau Perhentian, Terengganu 
Khairul Nizam Mohamed, Edriana Godon, Nur Aklili Adnan, 
Quraisha Abdul Rahim, Cynthia Liew, Aizad Imran Zainal Abidin and 
Muhammad Faiz Zainuddin

601

Sustainable Approach using Carica papaya Stem for in vitro Propagation 
of Clinacanthus nutans 

Chia Chay Tay, Najihah Mohamad Nasir, Nur Liyana Jamaluddin and 
Wan Nurul Hidayah Wan Annuar

619

Case study 

and River Water Quality: A Case Study in Beris Lalang Waste Dumpsite, 
Kelantan 

Widad Fadhullah, Mohamad Anuar Kamaruddin, Norli Ismail, 
Nurulilyana Sansuddin and Hasmah Abdullah

633

Engineering Sciences
Design and Fabrication of an Alarm System to Prevent Tractor Overturning 

Javad Tarighi
647



Jo
ur

na
l o

f S
ci

en
ce

 &
 T

ec
hn

ol
og

y 
   

   
   

   
   

   
   

   
Jo

ur
na

l o
f S

ci
en

ce
 &

 T
ec

hn
ol

og
y 

   
   

   
   

   
   

   
   

Jo
ur

na
l o

f S
ci

en
ce

 &
 T

ec
hn

ol
og

y

Journal of Science & Technology

About the Journal
Overview
Pertanika Journal of Science & Technology (JST) is the official journal of Universiti Putra Malaysia 
published by UPM Press. It is an open-access online scientific journal which is free of charge. It publishes 
the scientific outputs. It neither accepts nor commissions third party content.

Recognized internationally as the leading peer-reviewed interdisciplinary journal devoted to the 
publication of original papers, it serves as a forum for practical approaches to improving quality in issues 
pertaining to science and engineering and its related fields.  

JST is a quarterly (January, April, July and October) periodical that considers for publication original 
articles as per its scope. The journal publishes in English and it is open to authors around the world 
regardless of the nationality.  

The Journal is available world-wide.

Aims and scope
Pertanika Journal of Science and Technology aims to provide a forum for high quality research related 
to science and engineering research. Areas relevant to the scope of the journal include: bioinformatics, 
bioscience, biotechnology and bio-molecular sciences, chemistry, computer science, ecology, 
engineering, engineering design, environmental control and management, mathematics and statistics, 
medicine and health sciences, nanotechnology, physics, safety and emergency management, and 
related fields of study.

History
Pertanika was founded in 1978. A decision was made in 1992 to streamline Pertanika into three journals 
as Journal of Tropical Agricultural Science, Journal of Science & Technology, and Journal of Social 
Sciences & Humanities to meet the need for specialised journals in areas of study aligned with the 
interdisciplinary strengths of the university. 

After almost 25 years, as an interdisciplinary Journal of Science & Technology, the revamped journal 
now focuses on research in science and engineering and its related fields.

Goal of Pertanika
Our goal is to bring the highest quality research to the widest possible audience.

Quality 
We aim for excellence, sustained by a responsible and professional approach to journal publishing.  
Submissions are guaranteed to receive a decision within 14 weeks. The elapsed time from submission 
to publication for the articles averages 5-6 months. 

Abstracting and indexing of Pertanika
Pertanika is almost 40 years old; this accumulated knowledge has resulted in Pertanika JST being 
abstracted and indexed in SCOPUS (Elsevier), Thomson (ISI) Web of Knowledge [BIOSIS & CAB Abstracts], 
EBSCO & EBSCOhost, DOAJ, ERA, Cabell’s Directories, Google Scholar, MyAIS, ISC & Rubriq (Journal 
Guide).

Future vision
We are continuously improving access to our journal archives, content, and research services.  We have 
the drive to realise exciting new horizons that will benefit not only the academic community, but society 
itself. 
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Citing journal articles
The abbreviation for Pertanika Journal of Science & Technology is Pertanika J. Sci. Technol.

Publication policy
Pertanika policy prohibits an author from submitting the same manuscript for concurrent consideration 
by two or more publications.  It prohibits as well publication of any manuscript that has already been 
published either in whole or substantial part elsewhere. It also does not permit publication of manuscript 
that has been published in full in Proceedings. 

Code of Ethics
The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all of its 
journal publications to reflect the highest in publication ethics. Thus all journals and journal editors are 
expected to abide by the Journal’s codes of ethics. Refer to Pertanika’s Code of Ethics for full details, or 
visit the Journal’s web link at http://www.pertanika.upm.edu.my/code_of_ethics.php

International Standard Serial Number (ISSN)
An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media–print 
and electronic. All Pertanika journals have ISSN as well as an e-ISSN. 

Journal of Science & Technology: ISSN 0128-7680 (Print);  ISSN 2231-8526 (Online).

Lag time 
A decision on acceptance or rejection of a manuscript is reached in 3 to 4 months (average 14 weeks). 
The elapsed time from submission to publication for the articles averages 5-6 months. 

Authorship
Authors are not permitted to add or remove any names from the authorship provided at the time of 
initial submission without the consent of the Journal’s Chief Executive Editor.

Manuscript preparation
Refer to Pertanika’s Instructions to Authors at the back of this journal.

Most scientific papers are prepared according to a format called IMRAD. The term represents the first 
letters of the words Introduction, Materials and Methods, Results, And, Discussion. IMRAD is simply 
a more ‘defined’ version of the “IBC” [Introduction, Body, Conclusion] format used for all academic 
writing. IMRAD indicates a pattern or format rather than a complete list of headings or components of 
research papers; the missing parts of a paper are: Title, Authors, Keywords, Abstract, Conclusions, and 
References. Additionally, some papers include Acknowledgments and Appendices. 

The Introduction explains the scope and objective of the study in the light of current knowledge on the 
subject; the Materials and Methods describes how the study was conducted; the Results section reports 
what was found in the study; and the Discussion section explains meaning and significance of the results 
and provides suggestions for future directions of research. The manuscript must be prepared according 
to the Journal’s Instructions to Authors.

Editorial process
Authors are notified with an acknowledgement containing a Manuscript ID on receipt of a manuscript, 
and upon the editorial decision regarding publication. 
Pertanika follows a double-blind peer-review process. Manuscripts deemed suitable for publication 
are usually sent to reviewers.  Authors are encouraged to suggest names of at least three potential 
reviewers at the time of submission of their manuscript to Pertanika, but the editors will make the final 
choice. The editors are not, however, bound by these suggestions. 
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Notification of the editorial decision is usually provided within ten to fourteen weeks from the receipt 
of manuscript.  Publication of solicited manuscripts is not guaranteed.  In most cases, manuscripts are 
accepted conditionally, pending an author’s revision of the material.

As articles are double-blind reviewed, material that might identify authorship of the paper should be 
placed only on page 2 as described in the first-4 page format in Pertanika’s Instructions to Authors 
given at the back of this journal. 

The Journal’s peer-review
In the peer-review process, three referees independently evaluate the scientific quality of the submitted 
manuscripts. 

Peer reviewers are experts chosen by journal editors to provide written assessment of the strengths and 
weaknesses of written research, with the aim of improving the reporting of research and identifying the 
most appropriate and highest quality material for the journal.

Operating and review process
What happens to a manuscript once it is submitted to Pertanika?  Typically, there are seven steps to the 
editorial review process:

1.	 The Journal’s chief executive editor and the editorial board examine the paper to determine 
whether it is appropriate for the journal and should be reviewed.  If not appropriate, the 
manuscript is rejected outright and the author is informed. 

2.	 The chief executive editor sends the article-identifying information having been removed, to 
three reviewers.  Typically, one of these is from the Journal’s editorial board.  Others are 
specialists in the subject matter represented by the article.  The chief executive editor asks 
them to complete the review in three weeks.  

Comments to authors are about the appropriateness and adequacy of the theoretical or 
conceptual framework, literature review, method, results and discussion, and conclusions.  
Reviewers often include suggestions for strengthening of the manuscript.  Comments to the 
editor are in the nature of the significance of the work and its potential contribution to the 
literature.

3.	 The chief executive editor, in consultation with the editor-in-chief, examines the reviews and 
decides whether to reject the manuscript, invite the author(s) to revise and resubmit the 
manuscript, or seek additional reviews.  Final acceptance or rejection rests with the Edito-
in-Chief, who reserves the right to refuse any material for publication.  In rare instances, 
the manuscript is accepted with almost no revision.  Almost without exception, reviewers’ 
comments (to the author) are forwarded to the author.  If a revision is indicated, the editor 
provides guidelines for attending to the reviewers’ suggestions and perhaps additional advice 
about revising the manuscript. 

4.	 The authors decide whether and how to address the reviewers’ comments and criticisms and 
the editor’s concerns.  The authors return a revised version of the paper to the chief executive 
editor along with specific information describing how they have answered’ the concerns 
of the reviewers and the editor, usually in a tabular form. The author(s) may also submit 
a rebuttal if there is a need especially when the author disagrees with certain comments 
provided by reviewer(s).

5.	 The chief executive editor sends the revised paper out for re-review.  Typically, at least one of 
the original reviewers will be asked to examine the article. 
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6.	 When the reviewers have completed their work, the chief executive editor in consultation 
with the editorial board and the editor-in-chief examine their comments and decide whether 
the paper is ready to be published, needs another round of revisions, or should be rejected. 

7.	 If the decision is to accept, an acceptance letter is sent to all the author(s), the paper is sent to 
the Press. The article should appear in print in approximately three months. 

The Publisher ensures that the paper adheres to the correct style (in-text citations, the 
reference list, and tables are typical areas of concern, clarity, and grammar).  The authors are 
asked to respond to any minor queries by the Publisher.  Following these corrections, page 
proofs are mailed to the corresponding authors for their final approval.  At this point, only 
essential changes are accepted.  Finally, the article appears in the pages of the Journal and is 
posted on-line. 
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Foreword

Welcome to the Second Issue of 2019 for the Journal of Science and Technology (JST)!

JST is an open-access journal for studies in Science and Technology published by Universiti Putra 
Malaysia Press. It is independently owned and managed by the university for the benefit of the 
world-wide science community.

This issue contains 30 articles; 3 are review articles, 1 case study and the rest are regular articles. 
The authors of these articles come from different countries namely Algeria, Bangladesh, France, 
India, Iran, Iraq, Malaysia, Nigeria, Philippines, Thailand, Turkey and United Arab Emirates. 

Articles submitted in this issue cover various scopes of Science and Technology including 
environmental sciences, engineering sciences, information, computer and communication 
technologies, mathematical sciences, applied sciences and technologies, medical and health 
sciences, chemical sciences, earth sciences, environmental sciences and material sciences.

Selected from the scope of environmental science is an article entitled “FeNO as a Biomarker for 
Airway Inflammation Due to Exposure to Air Pollutants among School Children nearby Industrial 
Areas in Terengganu” by Anis Syafiqah Kamaruddin, Juliana Jalaludin, Titi Rahmawati Hamedon 
and Nur Hazirah Hisamuddin, fellow researchers from Universiti Putra Malaysia, Malaysia. They 
conducted a cross-sectional comparative study among Malay primary school children in Kemaman, 
Terengganu and assessed indoor air quality in each primary school and home using indoor air 
monitoring equipment. Fractional exhaled nitric oxide (FeNO) was measured using an NIOX MINO 
device. The researchers found a significant difference between concentrations of PM10, PM2.5, 
NO2, SO2, and VOCs in different classrooms from selected schools and homes of exposed and 
comparative groups. Statistical analysis revealed that the FeNO level was significantly higher 
among the exposed group compared to the comparative group. This study suggested that the 
exposure to industrial air pollutants would increase the risk of getting respiratory inflammation 
among primary school children living near industrial areas. Details of the article are available on 
page 589.

Selected from the scope of engineering science is an article entitled “Experimental Study of Tsunami 
Bore Induced Forces on Vertical Seawall” by Zaty Aktar Mokhtar, Badronnisa Yusuf and Saiful 
Bahri Hamzah from Malaysia; and Thamer Ahmad Mohammed from Iraq. The study performed 
a sequence of laboratory experiments using dam-break waves to simulate the interactions 
between the tsunami-like bore flow and vertical seawall as well as to measure the bore-induced 
pressures and to estimate forces exerted on the vertical seawall model. The experimental result 
revealed that the maximum pressure (approximately 8 kPa) exerted on the vertical seawall was 
measured at the lowest pressure sensor location. This study used the experimental data to re-
examine the relevant empirical formulae found in the literature. The results obtained by this 
study could be useful for calibrating mathematical and numerical models as well as for future 
research concerning the design of tsunami barriers. Details of the article is available on page 673.

i



Selected from the scope of information, computer and communication technologies is an article 
entitled “Structural and Statistical Similarity Measure based Approach for Effective Eye Blink 
Recognition” by Kapil Juneja and Chhavi Rana, fellow researchers from Maharshi Dayanand 
University, India. The study presented a three-stage model to detect the eye blinks accurately. 
The proposed model was applied on real time, web-collected and the NRC-IIT dataset videos 
which were associated to the indoor and outdoor environments. The study analysed news reading 
and other complex video sequences and found out that the proposed model had reduced the 
possible generated errors and provided the accurate detection of eye blinks. Details of the article 
is available on page 779.

Selected from the scope of material science is an article entitled “Fabrication of Scaffold in 
Tissue Engineering using Selective Laser Sintering Process” by Gajanan Nanasaheb Thokal and 
Chandrakant Ramesh Patil from India. This article described an experimental investigation of 
bone scaffold to measure the porosity using gas porosimeter and suggested an alternative to 
bone scaffold. The researchers made a prototype using additive manufacturing of selective laser 
sintering technique, using synthetic polymer PA12. The behaviour of actual bone and prototype 
had been observed under compressive load of fixed interval loading condition. Mechanical 
properties of polymer had been evolved and compared with actual bone. The results revealed 
that the prototype showed more deformation before ultimate load and suggested further 
experiment to get required strength in the polymer, as an alternative to bone scaffold. Details of 
the article is available on page 1013.

We anticipate that you will find the evidence presented in this issue to be intriguing, thought-
provoking and useful in reaching new milestones in your own research. Please recommend the 
journal to your colleagues and students to make this endeavour meaningful.

All the papers published in this edition underwent Pertanika’s stringent peer-review process 
involving a minimum of two reviewers comprising internal as well as external referees. This was to 
ensure that the quality of the papers justified the high ranking of the journal, which is renowned 
as a heavily-cited journal not only by authors and researchers in Malaysia but by those in other 
countries around the world as well. 

We would also like to express our gratitude to all the contributors, namely the authors, reviewers 
and editors, who have made this issue possible. 

JST is currently accepting manuscripts for upcoming issues based on original qualitative or 
quantitative research that opens new areas of inquiry and investigation.
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ABSTRACT

Carbamates are poisonous pesticides which have been used widely in agriculture production 
for decades. Unlike other pesticides such as organophosphate, carbamate pesticides are 
not persistent in the environment however, their degradation is crucial due to their toxicity 
to living system. The World Health Organization, categorized carbamate pesticide 
as toxic, hazardous and restricted for use. Example of carbamates pesticides include 
Carbaryl, Aldicarb, Methomyl, Carbofuran, and Propoxur. They are extensively used to 
control many insect and pests of crops. Presently, there is significant awareness regarding 
the negative effects of pesticides due to their ability to pollute soil and water bodies. 
Most pesticides are readily degraded or metabolized by microbes. Carbamate pesticide 

degradation by microorganisms relies not 
only on the availability of microbes with 
suitable biodegradative enzymes, but also on 
the various ecological factors. This review-
article outlines the present development in 
biodegradation of carbamate pesticides, 
their toxicity and enzymatic degradation as 
well as their degradative pathways.

Keywords: Biodegradation, carbamates, soil bacteria, 

toxicity
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INTRODUCTION 

Pesticide is a substance or formulation of substances used in controlling, destroying and 
preventing any pests, that include rodents, insects, weeds, birds, nematodes, microorganisms 
or mammals that interfere or destroy things. Apart from their toxic effect, pesticides are also 
beneficial to humans in many ways. Pesticides may be categorized by chemical structure, 
physical form or their target species. They can also be categorized as inorganic, synthetic 
or biological (bio pesticides). Furthermore, pesticides may be grouped into chemical 
families. The most common pesticide families include the organophosphate, pyrethroid, 
organochlorine and carbamate pesticides which are further categorized as rodenticides, 
weedicides, fungicide, herbicide, and insecticide. Carbamate consists of a wide spectrum of 
biologically active pesticides used worldwide to control insects and nematodes. Carbamate 
pesticides are generally categorized into N-methyl-carbamate insecticides and N-allyl-
carbamate herbicides in view of their chemical structures and biological actions (Ozturk 
et al., 2016; Parks et al., 1987). Carbamates are closely linked with organophosphorus 
compounds in mode of action and resistance meaning they are inhibitors of acetyl 
cholinesterase causing very similar symptoms. They have high polarity, soluble in water 
and thermally unstable. They are poisonous to living organisms due to their acute toxicity 
(Alvarez et al., 2017).  The use of carbamate has received great concern not only because 
of their widespread use, but also due to its higher toxicity to plants and animals (Chin-
Pampillo et al., 2015). Carbamates pesticides are usually converted into several products 
through different paths such as oxidation, biotransformation, hydrolysis, bio-augmentation, 
photolysis, biodegradation as well as metabolic reactions in living organisms (Cai et al., 
2015). Many scientists have reported biodegradation of several pesticides by bacteria 
under different physiological conditions. Soil bacteria that are constantly exposed with 
synthetic toxic chemicals may develop new capabilities to degrade such chemicals (Wu 
et al., 2014). Microbial populations in soil have the ability of metabolizing (hydrolyzing) 
carbamate pesticide and can easily adapt themselves to various form of carbamates.  
However, carbamates pesticide and their metabolites can affect the micro flora and soil 
productivity ( Gupta et al., 2016). Even though carbamate pesticides do not persist longer 
in aquatic environment and are very stable under aquatic conditions, the application of 
these toxic compounds may cause a major reduction of non-target organisms. Therefore 
degradation of carbamate using microbes is of great interest since many conventional 
approaches of removing pesticides contamination proved to be ineffective and expensive. 
Hence an effective and inexpensive techniques is required for treating such pollutant. Table 
1, below gives details of carbamate type, chemical formula year of production and the rat 
LD50 in mg/kg values for some carbamate insecticides. It also notes their half-lives in soil.
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STRUCTURES AND TOXICITY OF CARBAMATE PESTICIDES 

Carbamates are acetylcholinesterase inhibiting compounds, and they are used worldwide 
and are responsible for poisoning and prevalent occurrence of an infectious diseases in 
many developing countries (Anguiano et al., 2017). Carbamate pesticides, have high acute 
toxicity. Chemically, carbamate insecticides remain as esters of carbamates as well as 
organic components derived from N-methyl carbamic acid (C2H5NO) which take weeks 
or months to break down in soil (McDonald et al., 2005). Carbamates are insecticides, 
herbicides, and fungicides that act like organophosphates pesticides for insecticides and 
nematocides by inhibiting acetyl-cholinesterase, except that the action is reversible. The 
toxicity is generally low, with the except for compounds such as aldicarb. Carbamate 
pesticides play a vital role in agriculture because of their broad spectrum nature as well as 
varied degree of compounds, degradable in soil and usually have small amount of toxicity 
on living organisms (Chapalamadugu & Chaudhry, 1992; Cycon et al., 2017). Carbamates 
are inhibitors of acetylcholinesterase (AChE) which become acetylcholine in synapses 
and neuromuscular junctions and eventually produce serious disorder of central nervous 
system (Berman et al., 2017; Vidair, 2004). The inhibition of the hydrolysis response of 
AChE results in the accumulation of ACh, which brings about many symptoms, such as 
hyper salivation, sweating and seizure (Guo et al., 2017). Carbamate pesticides are less 
hazardous with respect to human exposure than organophosphorus (Hernandez et al., 2013). 
The use of pesticides has brought a chain of uninterrupted effect to the environment and 
health of rural workers in Brazil rural environment (Soares et al., 2003). The clinical effects 
of pesticide carbamate usually depend upon the type carbamate involved, the dose and 
route of exposure (Lamb et al., 2016). Carbamate pesticides toxicity are responsible for 
many cases of poisonings in the rural environment (Gupta, 1994). Carbamates pesticides 
are absorbed via oral or dermal route, even though the last has a tendency to be the less 
toxic route (Lamb et al., 2016). For instance, carbofuran insecticide has a rat oral LD50 of 
5-6 mg/kg, compared to rat dermal LD50 of 120 mg/kg, making the oral absorption nearly 
24 times more toxic when consumed (Li et al., 2009; Yu et al., 2009). LD50 is the way of 
measuring toxicity. The dosage has to be considered as compounds with high LD50 may 
yield lethal indications if high dose is ingested (Purushothaman & Kuttan, 2017). Carbamate 
toxicity is likely to be of shorter in duration compared with organophosphate toxicity due 
to the reversibility of the (AChE). 

The clinical effects of carbamate pesticides depend on the type of carbamate pesticide 
used and the dose and mode of exposure (Ahmad et al., 2004). The study on biodegradation 
of toxic insecticides is useful, because the reactions that discharges poisonous insecticides 
transform most of the insecticide residues in the environment to harmless and less toxic 
metabolites (Cycon et al., 2017). Figure 1 shows the different structures of carbamates 
pesticides. However, the toxicity of the carbamate compounds differs in terms of molecular 
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structure, but generally the AChE inhibition is of shorter time than other forms of pesticides.  
Figures 2, 3 and 4 show some of their degradative pathways.

Figure 1. Structures of some carbamate pesticides

Figure 2. Proposed Biodegradation pathway of 
carbofuran by spingomonas sp. (Satish et al., 2017)

Figure 3. Degradation pathway of carbendazim by 
Bacterial strain (Fang et al., 2010)

Figure 4. Generalized degradation pathway of 
carbaryl (Jones et al., 2003)

SOURCES, TRANSPORT AND DISTRIBUTION OF CARBAMATE 

Production of chemical pesticides and marketing have continued to increase from 1950s 
(Munnecke, 1979). Fungicidal chemical, Benzimidazole was made available in market 
around 1970. Carbamate pesticides are derived from carbamic acid. Generally, carbamate 
is characterized by low vapour pressure at room temperature, they have low evaporation or 
sublimation rate, which resulted in volatilization from soil. Nevertheless, dispersal through 
air will be a less significant factor. Carbamates are characterized by light absorbance, 
thereby contributing to its photolytic decomposition in water. Therefore, persistent 
hazardous contamination of carbamates is small. The insecticide are mostly applied 
to plants, which will subsequently reach the soil, however, herbicidal and nematicidal 
carbamates are directly applied to the soil (Kazano et al., 1972). Factors such as soil 
type, soil moistness, adsorption, soil pH, volatility and photo-decomposition affect the 
biodegradation of carbamates pesticides in the soil (Wang et al., 2009). Some carbamates 
may decompose easily, while some are strongly absorbed in the soil (Ozturk et al., 2016). 
Soil type and solubility in aqueous medium are very vital in these processes. However, 
it should be noted parent compound should not be the only consideration, but also the 
breakdown products or metabolites (Sahoo et al., 1990).
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The initial stage in the metabolic break down of insecticide carbamates in soil is 
hydrolysis. Several factors influence the fate and transport of pesticides which includes, 
their adsorption, absorption, Run-off, microbial degradation, volatilization, photochemical 
decomposition uptake by plant and chemical degradation. The products of this process 
would then metabolize further in the soil plant system (Tien et al., 2013). Plants metabolize 
carbamates in which aryl-hydroxylation and conjugation or hydrolytic decomposition are 
the important pathways of the detoxification. Many studies suggested that carbamates 
pesticides were entirely dispersed through the apoplectic system in plants (Miyamoto, 
1975). They are also broken down by microbes, florae and faunae in water and soil 
environment. 

   
METABOLISM OF CARBAMATE PESTICIDE

The metabolic product of carbamates pesticide is generally similar in mammals, insects, 
and plants. Carbamates pesticides are commonly absorbed simply via respiratory tract, 
dermal contact and mucous membrane. Generally, carbamate metabolites are less toxic as 
compared with their parent compounds. In some circumstances, the metabolites are even 
more toxic than the original compound (Cycon et al., 2017). Environmental circumstances 
that favor the growth of microbial community equally favor the degradation of pesticides 
carbamates. The primary phase in metabolic degradation of carbamate pesticide in soil 
is the hydrolysis leading to carbamic acid, then breakdown to carbon dioxide (CO2) as 
well as similar amine (Chanika et al., 2011). The mechanisms of hydrolysis is not the 
same for N-methyl carbamate and N-dimethyl derivatives. The N-methyl carbamates 
pass via an isocyanate metabolites, while in the hydrolysis of N–dimethyl carbamates, a 
product containing hydroxyl ion is formed resulting in alcohol and N-dimethyl replaced 
acid (Rosman et al., 2009). Apart from hydrolysis, oxidation also happen which consists 
of: hydroxylation of the aromatic ring, N-dealkylation, oxidation of aliphatic side chains, 
O-dealkylation, N-methyl hydroxylation, and sulfoxidation to the corresponding sulfone 
(Chaudhry & Ali, 1988; Otieno et al., 2010).

MICROBIAL DEGRADATION OF CARBAMATE PESTICIDES     

Pesticides biodegradation by microorganism is not new. Microorganisms simply supply 
all the required energy source for simple chemical reactions to take place (Pandey et al., 
2010). Numerous factors are involved in pesticide biodegradation such as physicochemical 
mechanism, photochemical mechanism, microbial degradation and bioremediation. The 
biodegradation of carbamates by diverse microbial consortia that metabolize the pesticides 
has been studied extensively (Onunga et al., 2015; Satish et al., 2017). Mostly, the studies 
did not undermine the involvement of abiotic processes in the microbial degradation 
(Rangasamy et al., 2017). The use of pesticides over decades, has caused numerous 
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microbes to develop mechanism to degrade toxic compounds, including pesticides, by 
means of different mechanisms, approaches and enzymatic pathways. Organophosphate 
degrading bacterial strain was first isolated in Philippines in 1973 in a paddy field area. 
Subsequently, many phylogenetically diverse strain capable of metabolizing pesticides by 
co-metabolism, and use them as nutrient and carbon sources, have been isolated by many 
researchers from different geographical locations (Das et al., 2005; Talwar et al., 2014). 
Pesticides are mainly used to protect damages of crops and fruits while, these chemicals are 
applied directly to soil. When these pesticides are used in soil they undergo different process 
such as volatilization, degradation, sorption, or surface transport to other places (Li et al., 
2016). Studies showed that soils with a history of pesticide application mostly have shorter 
half-lives compared with soil that has no history of pesticide application (Cycon et al., 
2017). Moreover, the chemicals considered as non-degradable become biodegradable after 
several years in soil. Thus, the soil is a major source of microorganisms that can degrade 
pesticides. Other microbial sources include; microbes from pesticide industry wastewater 
and sediment, activated sludge, sewage slurry, surface waters and their sediments, as 
well as areas closed pesticide manufacturing industries. Many groups of microorganisms 
characterized by growth and degradation ability of pesticides (Ishag et al., 2016). Isolation 
and characterization of microbes for pesticides degradation bring about new tools to restore 
environments polluted with pesticides. Several microbial species capable of degrading 
pesticide such as Pseudomonas, Flavobacterium, Achromobacterium sp., Sphingomonas 
sp., Arthrobacter and Bacillus species have been isolated and characterized in effort to 
know their mechanism to remove pesticides. Degradation of Carbofuran was first carried 
out through degradation to carbofuran phenol and subsequently degraded to 2-hydroxy-3-
(3-methylpropan-2-ol) phenol by Sphingomonas sp. and Arthrobacter sp. strains (Chaudhry 
& Ali, 1988; Kim et al., 2004). Carbaryl is another carbamate that is widely used and 
poisonous to living organism (Anguiano et al., 2017). Bacterial identified as Aeromonas, 
Pseudomonas, Bacillus and Morganella genera isolated from Gaza Strip utilized carbaryl 
as source of nutrient. Bacillus and Morganella degraded carbaryl up to 94.6% and 87.3% 
degradation rate (Hamada et al., 2015). In another study,  Pseudomonas sp. C5pp isolated 
from soil was described to have mineralize carbaryl by means of 1-napthol, salicylate 
and gentisate (Trivedi et al., 2016).  The genomic investigation of C5pp strain shows that 
carbaryl pesticides catabolic genes are arranged into three operons; middle, lower and 
upper. The study mentioned the role of horizontal gene transfer events in the evolution of 
carbaryl degradative pathway in C5pp isolate. Table 2 shows the summary of microbial 
species used for biodegradation of carbamate pesticides in which different bacterial and 
fungal strains from different sources were studied by different scholars. 

Microorganisms have the capability to degrade multiplicity of environmental pollutants, 
including carbamate pesticides. It is highly significant to understand the biochemical 
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bases for the development of new degaradative capacities of microorganisms involve in 
pesticide degradation (Sogorb & Vilanova, 2002). Enzyme-based degradation method are 
potentially capable of qualitatively faster action than traditional microbial remediation 
methods (Nguyen et al., 2014). Several enzymes that hydrolyzed carbamates compound 
are either esterases or amidases. The hydrolysis of carbamate compound is influence by the 
chemical structure of the side chains and substrate (Lei et al., 2017). The parent compound 
is often detoxified by these hydrolytic process. Carbamate insecticide enzymes mediated 
hydrolysis typically yield an alcohol and methylamine as well as carbondioxide (Lei et 
al., 2017). Several carbamate hydrolyzed enzymes responsible for degradation have been 
isolated and also carboxylesterases from various bacteria were previously reported (Ufarte 
et al., 2017; Wang et al., 2017). 

Table 2 
Biodegradation of different carbamate pesticide by microbes

Pesticides Microbial species Environmental 
media

Mechanism 
involve

References

Carbofuran Consortia Soil Degradation Tien et al. (2017) 

Pseudomonas sp. Soil Degradation Devi  et al. (2017)

Pseudomonas and 
Alcaligenes

Soil Degradation Omolo et al. (2012)

Enterobacter cloacae strain 
TA7
Mucor ramannianus
Novosphingobium sp
Aspergillus sp.

Soil
Soil

Soil
Soil

Degradation
Degradation

Degradation        
Degradation

Fareed et al. (2017)
Seo et al. (2007)

Nguyen et al. (2014)
Devi et al. (2017)

Carbaryl Bacillus, Morganella, 
Pseudomonas, Aeromonas, 
Corynebacterium sp.

Soil Degradation Hamada et al. 
(2015)

Micrococcus sp. Soil Degradation Doddamani et al. 
(2001)

Enterobacter cloacae sp.
Paecilomyces

Soil
Soil

Degradation
Degradation

Fareed et al. (2017)
Chan-Cupul et al. 
(2016)

Propoxur Corynebacterium kutscheri, 
Staphylococcus aureus, 
Bacillus pasteurii and 
Aeromonas sp.

MSW Degradation Anusha et al. (2009)

Consortia Sediment Degradation Dewi et al. (2015)

Pseudomonas sp. Soil Degradation Kamanavalli et al. 
(2000)
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GENETICALLY MODIFIED ORGANISMS FOR CARBAMATE 
DEGRADATION

Microorganisms genetically engineered for bioremediation would be an environmentally 
friendly and economical alternate for the removal of contaminants in polluted areas (Li et 
al., 2007). Diverse categories of engineered microorganisms have been developed through 
recombinant DNA and RNA technologies, which have been used for the remediation of 
several pollutants from polluted environments (Jiang et al., 2005). Genetic manipulation 
bids a means for engineered microbes to deal with contaminant, such as pesticides in 
polluted sites. The strategy is to prolong the degradative abilities of already present 
metabolic pathways in an organism by introducing extra enzymes from other organisms 
or by modifying the specificity of the catabolic genes previously present (Lan et al., 2014). 
Microbial genes were aimed to form new metabolic pathways so as to increase degradative 
processes. GM microorganisms can be favorite tool for biodegradation because of the 
special features of their metabolic pathways. Recent researches have shown the way that 
lead to development of degradation pathways and the organization of catabolic genes, 
hence making it simpler to produce genetically modified microorganisms (GMO) for the 
degradation of organic compounds such as carbamates (Liu et al., 2016; Zhang et al., 2016). 
Biodegradation is an environmentally friendly, economical, highly efficient approach 

Pesticides Microbial species Environmental 
media

Mechanism 
involve

References

Methomyl Escherichia coli  Soil Degradation Kulkarni et al. (2018)

Pseudomonas sp. Soil Degradation Kulkarni et al. (2014)

Stenotrophomonas sp. Soil Degradation Mohamed (2009)

Oxamyl Pseudomonas sp. Soil Transformation Rousidou et al. (2016)

Micrococcus luteus Soil Degradation Mohamed (2017)

Aminobacter sp. Soil Degradation Osborn et al. (2010)

Trichoderma sp.
Aspergillus niger

Soil
Soil

Degradation
Degradation

Helal et al. (2015)
Aemmr et al. (2013)

Aldicarb Enterobacter 
cloacae

Soil Degradation Fareed et al. (2017)

Stenotrophomonas 
maltophilia

Soil Degradation Aemmr et al. (2013)

Carbendizim

Consortia

Sphingomonas sp.
Rhodococcus sp
Trichoderma sp.
Nocardioides soli

Sediment

Soil
Soil
Soil
Soil

Transfomation

-
Degradation
Degradation
-

Kazumi et al. (1995)

Xiao et al. (2013)
Xiao et al. (2013)
Tian et al. (2009)
Sun et al. (2014)

Table 2 (Continue)
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compared to the conventional techniques which were typically costly and has negative effect 
on the environment.  The genetically engineered microbes have ample ability to degrade 
organic compounds such as pesticide as they discharge several specific enzymes that contain 
specific catabolic gene into plasmids. The studies of recombinant DNA provide the means 
to develop DNA and RNA examinations for the purpose of identifying microorganisms 
from varied populaces with unique capability to degrade pesticides (Jiang et al., 2005). 

CONCLUSION 

The continuous application of pesticides in agricultural field, has a negative effect on 
the environment. Bioremediation using microbes is an emerging technology and useful 
phenomenon for the degradation of toxic pesticides in soil. Resistant microbes from the 
soils with a history of pesticide application shows the existence of pesticide degrading 
bacteria in the soil. Alterations in the structure and diversity of microbial populations after 
exposure to pesticides may result from toxic effects of pesticides on some communities 
of microbes. Some microorganisms have the ability of using pesticides as nutrients 
and energy source and may benefit from these pesticide exposure. The isolation of 
novel microbes for biodegradation of toxic compounds has long been a key challenge, 
but the emergent knowledge of the genetic and biochemical bases of the metabolism of 
substances has increased. Various species of bacterial and fungal species having capability 
to degrade carbamate pesticides have been identified by many scientists. The application 
of molecular-based approaches in the remediation of pollutants is being increasingly used 
and has provided valuable evidence for improving biodegradation methods. Moreover, 
environmental meta-genomic information from soil and sea can be an important source 
of genes. The viability of the remediation technique has to be assessed bearing in mind 
its real applicability, its possible limitations and shortcomings as well as its benefits. 
Furthermore, a great deal of effort is essential to resolutely establish comprehensive 
knowledge of the molecular basis for catabolic sequences, to limit inactivation of enzymes 
at high threshold concentration of toxic organic contaminants to increase the compounds 
bio-availability in the environments. These species of microorganisms are enabling us to 
suggest an alternative pathway for pesticide biodegradation. In order to fully understand 
the mechanism of carbamate degradation, a detail explanation of the mechanisms involved 
in the degradation of pesticides should be conducted as this study is about the carbamates 
toxicity and their degradation pattern by microbes. 

FUTURE PROSPECTS 

Microorganisms have the ability to degrade different compounds, including carbamate 
pesticides in the field or under laboratory conditions. Nevertheless, effective methodologies 
have yet to be established to remove residues and recalcitrant pesticides from soil and water 
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bodies. Advances in several aspect of contaminants degradation by microbes, have further 
explained the mechanisms, and pathways for their degradation as well as developing viable 
remediation approaches for different polluting compounds. The system of bio molecular 
engineering should be exploited more to improve the capabilities of degradative enzymes. 
The advance of genetically engineered microbes with enhanced abilities to degrade diverse 
types of pesticides under field conditions should be made. Future research should explore 
towards faster and economic restoration of pesticide polluted soil in order to protect the 
soil quality and agricultural produce for the health of human beings.  
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ABSTRACT

This study was conducted to determine the baseline water quality characteristics of a 
contaminated NAHRIM lake undergoing remediation by the constructed wetlands, based 
on the physico-chemical and biological parameters. The sampling was conducted for six 
months (May-October) in 2016 from 5 stations of the lake and analysed using APHA 
standard methods for water and wastewater analysis, while Malaysian water quality index 
(WQI) was used to calculate quality of the lake. The results showed that, the Conductivity, 
Dissolved Oxygen, NO3-N, NO2-N, PO4, Temperature, Turbidity, TDS, TSS, and Zn were 
under class I, while pH, B and COD were categorized under class II. NH3-N, BOD, Fe, 

Escherichia coli, Total coliform and Mn 
were categorized as class III. Moreover, 
Al was not given any classification under 
NWQS but their concentration did not 
exceed EPA guidelines. Furthermore, as 
compared to the water samples from the 
constructed wetlands that reported a class 
III WQI, the lake was observed to show 
an overall class II WQI. This is suggestive 
of the retaining and remedial role of the 
constructed wetlands being the first point 
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of contact for the contaminants going to the lake. Thus the lake is suitable for recreational 
activities. 

Keywords: Biological and physicochemical parameters, constructed wetlands, lake, water quality

INTRODUCTION

Water is one of the important natural resources that have consistently given support to man 
in different ways. The application of water is found in diverse human activities that cut 
across the industrial, agricultural and other activities. In the past decades, the persistent 
use of water resources for various activities by man contributes to the pressure on their 
availability (UN Water, 2017; Ramakrishnaiah et al., 2009) and degradation in the water 
quality (Juhair et al., 2011; Jackson et al., 2012).  The quality of a water sources is usually 
identified in relation to their physical, chemical, and biological contents (Loukas, 2010). 
The degradation in water quality has been a disturbing issues in the developing tropical 
countries, where the treatment of effluents before being discharged into the water bodies 
is of low priorities (Konnerup et al., 2011).  

Lakes are important type of water sources that are designated as places of recreation, 
reflection and as storm water retention pond; these activities subjects them to an increasing 
pressure and stress by contaminants resulting in most of them being degraded (EPA, 2009). 
Various authors have conducted studies into Malaysian lake with the aim of determining 
their water quality characteristics. Ismail et al. (2012), in their study of Tasik Chini for 
its hydrological water quality characteristic found the lake to be under NWQS class II 
which was suitable for recreational activities. Another study was conducted at Ampang 
Hilir lake, in Selangor, Peninsular Malaysia. The results classified the water quality as 
class II which allowed for the body contact for recreation as well as for fishing activities. 
The concentrations of the metals were lower than the stipulated values (Said et al., 2012a)

Said et al. (2012b) reported a similar study on the water quality parameters in 
Titiwangsa Lake, Selangor Peninsular Malaysia. Selected parameters were analysed in-situ 
using Hydrolab data sonde 4 and surveyor 4, a water quality multi probe (USA), while the 
metals were determined using Inductively Coupled Plasma Mass Spectrometer (ICP-MS). 
The findings identified the water quality to be appropriate only for recreational activities 
(class II); the metal concentrations found in the lake were reported to be lower than the 
standard stipulated in international indexes and as such presenting non-toxic effects to the 
aquatic organisms in the lake. Akinbile et al. (2013) evaluated Bukit Merah lake water for 
the level of pollution detection which would lead to suggestions of the possible treatment 
required before the usage of the water. Standard laboratory procedures were employed 
to assess the concentration of water quality parameters and trace metals. Their findings 
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showed Bukit Merah Lake to be slightly contaminated with WQI value of 75.63 which 
placed the status of the lake in class III.  

Although, considerable efforts have been expended on understanding the condition of 
Malaysian lakes water quality, the focus has always been on the natural lakes with bigger 
sizes while fewer studies have been conducted on the other man-made lakes with respect 
to discussing the remediation efforts that may enhance their quality.  

Constructed wetlands have been shown to have the capability to trap and remove 
toxic materials through sedimentation, filtration, microbial interactions and uptake or 
transformation by helophytes to cause an improvement in the water quality (Kadlec and 
Wallace, 2008; Martins et al., 2013). Moreover, very little information has been reported 
on the deployment of CWs as contaminant treatment media in the developing countries 
despite its relative acceptance in the other part of the world (Bojcevska & Tonderski, 2007).  

The National Hydraulic Research Institute of Malaysia (NAHRIM) have an artificial 
lake that serve as the storm water retention ponds and also designed to serve the recreational 
needs of the staffs. The water quality in this pond was affected by the pollution from 
point sources and non-point sources (sewerage treatment plant, sullage water from 
the administrative office, hydraulic laboratory and runoff from the impervious area) 
surrounding the lake which is making the water unfit for human contact. 

The constructed wetlands serving as the remediation media were built with sole 
purpose of serving as the first point of contact for the discharges and runoff coming 
from the sewerage treatment plant, drainage system and impervious areas to the Lake.  
The constructed wetlands were designed as a surface flow type based on the type of the 
contaminants they were set up to treat. Nine aquatic plants species (Cyperus papyrus, 
Echinodorus cordifolius, Nymphea capensis, Nymphea nouchali, Nymphea lotus, Sagittaria 
lancifolia, Thalia sp., Nelumbo nucifera, Typha angustifolia and Victoria amazonica) were 
planted in the CWs, only four become firmly rooted in the wetland; and Cyperus papyrus 
being the most dominant plant species. Based on the preliminary study of the wastes that 
is being discharged into the lake prior to the construction of the wetlands, the discharge 
rate of the contaminants of the NAHRIM lake is 163.82m3/ day and the estimated pollution 
load contribution from the STP and other effluents sources ranges between 2.785kg/ day 
to 3.457kg/day for the parameters studied (NAHRIM, 2012). 

This was supported by the class III water quality status reported for the water sampled 
from the wetland cells. However, the assessments of the NAHRIM lake water quality 
improvement have not been carried out since the construction of the wetlands. Thus, the 
objective of this study is to evaluate the water quality characteristic of the NAHRIM Lake 
through the analysis of water physicochemical, biological and elemental parameters in 
order to understand the remedial effects of the constructed wetlands on the lake. 
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MATERIALS AND METHODS

Study Area and Sampling Stations

The National Hydraulic Research Institute of Malaysia (NAHRIM) is located along 
Jalan Putra Permai (Lat.3’00’03.88”N and Long.101’41’05.11”E) in Seri Kembangan, 
Selangor State, Malaysia. The location of the study area is characterised by climate of 
substantially high but uniform average daily temperatures of 21°C to 32°C. The average 
daily humidity levels of the area is above 80% with the mean annual rainfall of around 
2,500 mm (Abdullah et al., 2012). The Institute has in its compound a drainage system 
that comprises of three retention ponds named Pond A, Pond B and the lake. The surface 
area of the lake is approximately 3600m2 and with a depth of 3-4 meters at the deepest 
site. NAHRIM lake covers the entire watershed which is made up of the Institute head 
office, the Staff quarters, Water quality and Environmental research center, Pond A, Pond 
B, Hydraulic laboratory, Sewerage treatment plants and the impervious area surrounding 
the lake are shown in Figure 1.  

Figure 1. The Study Zone (NAHRIM Catchment Area). 
CW, Constructed wetlands cells; NL, NAHRIM Lake ampling points

In this study, five sampling stations were selected along the Lake, from the upstream 
to downstream (NL1-NL5), and identified by the GARMIN handheld GPS (GARMIN 
Handheld GPS, GARMIN, Olathe, Kansas, USA). This is to enable the gauging of the 
overall water quality of the lake. The sampling points selected were described in Table 1.

Sampling Methods and Analytical Procedures

The water samples collection from the NAHRIM Lake was conducted according procedures 
in the standard method for water and wastewater treatment (APHA, 2005). Duplicates 
water samples were collected from five sampling sites (NL1-NL5) of the NAHRIM 
Lake accessed with the aid of a hand paddled boat. Water samples were collected for the 



Water quality of the National Hydraulic Research Institute of Malaysia (NAHRIM) Lake 

569Pertanika J. Sci. & Technol. 27 (2): 565 - 587 (2019)

duration of six months (May-October, 2016). Prior to the sampling, Polyethene sampling 
bottles which were pre-condition with 5% nitric acid and rinsed thoroughly with distilled 
de-ionized water were used for the collection of the water samples. Water samples were 
collected using Van Dorn automatic sampler. About 1 L of the water samples was taken at 
each of the sampling site. Water samples collected from the lake were placed in an ice box 
and transported to the laboratory. The water samples with colloidal particles were filtrated 
using 0.45µm membrane filter (Whatman Milipores, Clifton NJ). This was done to avoid 
clogging which may interfere with the spectrometry during analysis (APHA, 2005). The 
water samples that were used for heavy metals were preserved with concentrated HNO3 
to pH<2 to prevent precipitation of metal oxides and hydroxides as well as to stop any 
biological activities (Radojevic & Bashkin, 2007). The samples were then kept at -10 0C 
until further analysis.

In-situ water quality parameters such as temperature, turbidity, DO, conductivity, pH 
and TDS of the water were measured at each sampling point using multiparameters water 
quality sonde YSI6600 V2 sonde (YSI incorporated, Yellow Spring OH, USA). Ex-situ 
water parameters such as the anions and heavy metals were determined in accordance with 
the APHA standard method for water and wastewater analysis (APHA, 2005). Biochemical 
oxygen demand5 was determined using a modified 5-Day BOD test procedure (method 
5210B) (APHA, 2005), Chemical oxygen demand was determined using colorimetric 
method 5220D of APHA (APHA, 2005). Total suspended solids was determined by using 
a modified direct HACH Method No. 8006, The determination of NH3-N concentration 
was conducted using the APHA standard method 4500-B&C, while Nitrites (NO2-N) 
concentration in the water samples was determined by USEPA Diazotization methods 
(HACH method 8507). Cadmium reduction method 8192 was used to determine the 

Table 1
 The description of the sampling points of the NAHRIM Lake

NAHRIM 
Lake sampling points  Locations	                   Description

NL1 N 30.0’0.36”, 1010.41’6.65”E Located besides the wetland A 
(downstream of STP discharge)

NL2 N 30.0’0.38”, 1010.41’5.95”E  Middle of the NAHRIM Lake

NL3 N20.59’59.50”, 1010.41’4.92”E               Close to Overflow point

NL4 N 30.0’0.56”, 1010.41’4.70”E Downstream of the wetland B  
(Canteen discharge area)

NL5 N20.59’58.84”, 1010.41’5.40”E  Located besides the fence 
downward of NL3.
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concentration of Nitrates (NO3-N) in the water samples, and the concentration of Total 
phosphorus (PO4) in the water samples was achieved using the modified APHA method 
4500-P E.  

The determination of the Escherichia coli and Total coliform in the water samples 
was carried out using the USEPA method 9223B (Colilert-18/ Quanti-Tray 2000). The 
analysis of Heavy metals were carried out by Inductively Coupled Plasma-Optical Electron 
Spectroscopy. The samples were digested according to APHA standard methods for the 
examination of water and wastewater (APHA, 2005) and analysed. 

The Water Quality Index (WQI) of NAHRIM Lake was calculated using the method 
of Department of Environment Malaysia (DOE, 2008; Rosli et al., 2010). This index has 
been in use for quite some time now. The WQI is a product of opinion-poll formulated by 
the experts on the choice of water quality parameters to choose, and the weightage to be 
assigned to each of the parameters. Thus the parameters chosen were Dissolved oxygen 
(DO), Biological oxygen demand (BOD), Chemical oxygen demand (COD), Suspended 
solid (SS), pH value, and Ammonical nitrogen (Khuan et al., 2002).  The resultant equation 
as approved by the DOE was calculated based on the above six parameters with the 
weighing factors of 0.22, 0.19, 0.16,0.16, 0.15 and 0.12 assigned to DO, BOD,COD,SS, AN 
and pH respectively. The overall WQI equation was then turned into sub-indices calculated 
according to the best-fit relations as illustrated in equation 1 below.

WQI=0.22SIDO+0.19SIBOD+0.16SICOD+0.16SISS+0.15SIAN+0.12SIpH     (Eqn 1)

Where, WQI = Water quality index; SIDO = Sub-index of DO; SIBOD = Sub-index 
of BOD; SICOD = Sub-index of COD; SIAN = Sub-index of AN; SISS = Sub-index of 
TSS; SIpH = Sub-index of pH.                             

Statistical Analysis 

Data generated were subjected to statistical analyses using IBM SPSS (Version 22.0, IBM 
Corp., Chicago, IL, USA). Basic descriptive statistic reported as mean ± Standard deviation 
was performed. One way ANOVA and a post-hoc Tukey pair wise comparison were used 
to test for significant difference of the each of the studied parameters among the sites for 
each of the months. Statistical significant difference was set at confidence level of 95% 
(alpha = 0.05). Pearson correlation was use to combine correlated variables in the data set.

RESULTS

Physical (In-situ) Water Quality Parameters of the NAHRIM Lake

Figure 2 (a-f) illustrated the concentration of the analysed in-situ parameters of the 
NAHRIM lake. The parameters were reported as mean ± SD. The average temperature 
value recorded was 29.100C and ranged from 28.33±0.060C to 29.90±0.00C. The highest 
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Figure 2. (a) Temperature (b) Conductivity (c) pH (d)Turbidity (e) Dissloved Oxygen and (f) Total Dissolved 
Solids distribution in water samples of NAHRIM lake in the sites for the months. Bars are expressed as mean 
± standard deviation. Bars with the same superscript letters are not significantly different in their concentration 
at p<0.05 across the sites in each of the months. The dotted line in red is the National Water Quality Standard 
limit for water bodies stipulated for recreational contact.



Aliyu Danjuma Aliyu, Rusea Go, Hishamuddin Omar, Syazrin Syima Sharifuddin, Azroie Muhammad and Bashirah Fazli 

572 Pertanika J. Sci. & Technol. 27 (2): 565 - 587 (2019)

and the lowest temperature values were observed at sites NL4 and NL1 in the months of 
May respectively. Significant differences (p<0.05) in temperature values for sites were 
recorded in all of the studied months (Figure 2a). 

The illustration of conductivity was depicted in Figure 2b. The average conductivity 
values recorded for the lake water samples was 159.10µs/cm and this ranged from 
152±7.07 to 169.5±5µs/cm. The highest value was recorded in October at site NL4, while 
the lowest value was recorded in August at site NL3. The significant differences (p<0.05) 
in conductivity values was observed across the sites in each of the months. 

The pH (Figure 2c) average value recorded for the NAHRIM Lake was 7.20; the range 
concentration is from 6.72±0.04 to 7.82±0.21. The highest and lowest concentrations were 
observed at sites NL1 and NL2 in October and May respectively. There is a significant 
difference (p<0.05) in the concentration among the studied sites for months except for 
the months of September. 

The mean turbidity concentration was illustrated in Figure 2d, with the overall mean 
of 112.80 NTU which ranged from 8.40±0.00 to 17.5±0.85NTU. The highest turbidity 
was recorded at site NL2 in May and the lowest at site NL3 in August. The sites were not 
significantly different (p<0.05) in concentration of turbidity across the months. 

The average dissolved oxygen concentration recorded for the studied water samples of 
the NAHRIM Lake was 6.77mgL-1. The highest was in May and June (9.2±0.014 mgL-1) 
while the lowest and (4.67±0.35mgL-1) concentration were recorded at site NL5 in August 
respectively (Figure 2e). The concentration in the studied sites differ significantly (p<0.05) 
across the months. 

The mean concentration of total dissolved solids in the water samples of NAHRIM Lake 
was 0.079gL-1 and this ranged from 0.05±0.00 to 0.11±0.01gL-1

. The highest concentration 
was recorded at sites NL3 and NL4 in the month of June, while the lowest was recorded 
at sites NL5 and NL3 in the months of August and September respectively. The studied 
sites exhibited a significant difference (p<0.05) in the concentration in each of the months 
(Figure 2f). 

Laboratory (Ex-situ) Water Quality Parameters of the NAHRIM lake

The overall descriptive statistics of the laboratory water quality parameters was illustrated 
in Figures 3(a-e). The illustration of chemical oxygen demand was presented in Figure 3a. 
The mean chemical oxygen demand recorded for the water samples was 10.13mgL-1, ranging 
from 8.61±0.04 to 13.00±1.41mgL-1. The highest (13.00±1.41 mgL-1) COD concentration 
was recorded at site NL3 in June and the lowest (8.61±0.04 mgL-1) was observed at site 
NL4 in May. The concentration of COD differed significantly (p<0.05) in studied sites 
across the six months. 
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The biochemical oxygen demand (BOD) (Figure 3b) concentration of the water 
samples of NAHRIM lake ranged from 2.97±0.05 to 5.86±0.09mgL-1.  The average BOD 
concentration was 4.41mgL-1 and the highest and lowest BOD concentrations were recorded 
at sites NL5 and NL3 in October. The concentrations in sites for the month of May show 
no differences (p>0.05), while other months present a significant differences (p<0.05) 
across the sites. 

The concentration of ammoniacal nitrogen (NH3-N) in the water samples of NAHRIM 
lake was illustrated in Figure 3c. The mean concentration is 0.31 mgL-1, with the range of 
0.17±0.014 to 0.4±0.021mgL-1. The highest and lowest concentrations were recorded at 
sites NL1 and NL4 respectively in June. All the sites show a significant difference (p<0.05) 
in their ammoniacal nitrogen concentrations across the months. 

The nitrites (NO2-N) concentration in the water samples was depicted in Figure 3d, 
and ranged from 0.000 to 0.009±0.002 mgL-1. The average concentration was 0.0054mgL-1. 
The highest (0.008±0.002mgL-1) and lowest (0.000mgL-1) concentrations recorded were 
at sites NL2 and NL1 in October and August respectively. The concentrations in the sites 
differ significantly (p<0.05) from each other across the months.

Figure 3e elucidated the concentration of nitrates (NO3-N) in the water samples of 
NAHRIM lake. The mean concentration of nitrates (NO3-N) was 0.035mgL-1 ranging 
from 0.015±0.007 to 0.06±0.014mg L-1. The highest (0.06±0.014mgL-1) and lowest 

Figure 3. (a) Chemical Oxygen Demand (b) Biochemical Oxygen Demand in water samples of NAHRIM lake 
in the sites for the months. Bars are expressed as mean ± standard deviation. Bars with the same superscript 
letters are not significantly different in their concentration at p<0.05 across the sites in each of the months. 
The dotted line in red is the National Water Quality Standard limit for water bodies stipulated for recreational 
contact for the analysed parameter.
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Figure 3. (c) Ammoniacal Nitrogen (d) Nitrites and (e) Nitrates distribution in water samples of NAHRIM lake 
in the sites for the months. Bars are expressed as mean ± standard deviation. Bars with the same superscript 
letters are not significantly different in their concentration at p<0.05 across the sites in each of the months. 
The dotted line in red is the National Water Quality Standard limit for water bodies stipulated for recreational 
contact for the analysed parameter.

(0.015±0.007mgL-1) concentrations were recorded in May at sites NL1 and NL5 respectively. 
The sites in each of the months differs significantly (p<0.05) in the concentration of nitrates. 

The total phosphorus (PO4) recorded mean was 0.056mgL-1 and this ranged from 
0.046±0.0042 to 0.065±0.0042mgL-1. The highest (0.065±0.0042mgL-1) and the lowest 
(0.046±0.0042mgL-1) concentrations were recorded in May at sites NL5 and NL2 
respectively. The analysed concentration indicated a significant differences (p<0.05) in 
the sites across the months (Figure 4a).

The total suspended solid concentration in the water samples of NAHRIM Lake was 
presented in Figure 4b. The mean concentration was 12.89 mg L-1. The range was from 
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5.84±0.23to 27.06±0.08mg L-1. Site NL4 in the month of September recorded the highest 
concentration (27.06±0.08mg L-1) while site NL5 in August had the lowest (5.84±0.23 mg 
L-1) concentration. The concentration in the sites for October statistically differs significantly 
(p<0.05) from each other for the studied months. 

The analysed data for Escherichia coli and Total coliform are presented as a 
logarithmical transformation of the original data (Figure 4c and 4d). The mean log10 
E. coli CFU/100mL was 2.91. The range was from 2.47±0.21 to 3.52±0.12. The highest 
(3.52±0.12) was recorded at September in site NL2 and the lowest (2.47±0.21) in July 
at site NL1. The significant difference (p<0.05) in the colony forming units of the E.coli 
in the studied sites was exhibited in July and September, while other months presented 
a non-significant difference (p>0.05) in the E.coli counts for the studied sites. The total 

Figure 4. (a)Phosphorus (b) Total Suspended Solids (c) Escherichia coli and (d) Total coliform distribution in 
water samples of NAHRIM lake in the sites for the months. Bars are expressed as mean ± standard deviation. 
Bars with the same superscript letters are not significantly different in their concentration at p<0.05 across 
the sites in each of the months. The dotted line in red is the National Water Quality Standard limit for water 
bodies stipulated for recreational contact for the analysed parameter.



Aliyu Danjuma Aliyu, Rusea Go, Hishamuddin Omar, Syazrin Syima Sharifuddin, Azroie Muhammad and Bashirah Fazli 

576 Pertanika J. Sci. & Technol. 27 (2): 565 - 587 (2019)

coliform mean log10 CFU/100ml in the water samples of NAHRIM Lake was 3.93 and 
ranged from 3.72±0.04 to 4.14±0.12. The highest (4.14±0.12) and lowest (3.72±0.04) 
total coliform were recorded at site NL4 in October and August respectively. The month 
of August and October also show a significant difference in the counts of total coliform 
in the studied sites, while other months did not indicate any significant difference in the 
total coliform counts among the studied sites. 

Heavy Metals in the Water Samples of the NAHRIM Lake

The descriptive statistic of the concentration of the five detected heavy metals in NAHRIM 
Lake is given in Figures 5(a-e). The average Aluminium (Al) concentration was 0.19 mgL-1. 
The range concentration was from 0.07±0.01to 0.37±0.02mg L-1. The highest Aluminium 
(Al) concentration (0.37±0.02mgL-1) was detected at site NL4 in August and the lowest 

Figure 5. (a) Aluminium (b) Iron (c) Manganese (d) Zinc distribution in water samples of NAHRIM lake 
in the sites for the month. Bars are expressed as mean ± standard deviation. Bars with the same superscript 
letters are not significantly different in their concentration at p<0.05 across the sites in each of the months. 
The dotted line in red is the National Water Quality Standard limit for water bodies stipulated for recreational 
contact for the analysed parameter.
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(0.07±0.01mgL-1) at site NL5 in September. All the sites across the months show significant 
difference (p<0.05) in their aluminium concentration (Figure 5a). 

Figure 5b shows the distribution trend of the iron in the water samples of NAHRIM 
Lake. The mean iron (Fe) concentration in the water samples of NAHRIM Lake was 1.33 
mgL-1, ranging from 0.20 ±0.03 to 2.22±0.03mgL-1. The detected highest iron concentration 
(2.22±0.03mg L-1) was at site NL1 in June, while the lowest concentration (0.20 ±0.03mg 
L-1) was recorded at site NL5 in September. Each of the studied sites across the months 
indicates a significant difference (p<0.05) from the other.

The variation in the manganese (Mn) concentration of the water samples of NAHRIM 
Lake (Figure 5c) was from 0.12±0.03 to 0.52±0.01mgL-1 and presented in Fig. 4.7c. 
The mean concentration was 0.26 mgL-1. The highest manganese concentration was 
0.52±0.01mgL-1   recorded at site NL4 in July and lowest concentration of 0.12±0.03mg L-1 
was recorded at site NL1 in May. The significant differences (p<0.05) in the concentration 
level of manganese in sites was observed in each of the reported months. The zinc (Zn) 
concentration detected in the water samples was highest (0.05±0.007mgL-1) at site NL5 
in October and lowest (0.01±0.00mgL-1) at site NL3 in June. The overall zinc contents 
varied from 0.01±0.00 to 0.05±0.007mgL-1. The sites in the months exhibited a significant 
difference (p<0.05) in the level of zinc present in (Figure 5d). 

The average boron (B) concentration trend (Figure 5e) observed for the water samples 
of NAHRIM Lake was 0.046mgL-1, and this ranged from 0.02±0.014 to 0.08±0.007mgL-1. 
The highest (0.08±0.007mgL-1) and lowest (0.02±0.014mgL-1) concentration were recorded 
at sites NL4 and NL2 in May and October respectively. The sites show any significant 
differences (p<0.05) in the boron concentration across the months.

Figure 5. (e) Boron distribution in water samples of NAHRIM lake in the sites for the month. Bars are 
expressed as mean ± standard deviation. Bars with the same superscript letters are not significantly different 
in their concentration at p<0.05 across the sites in each of the months. The dotted line in red is the National 
Water Quality Standard limit for water bodies stipulated for recreational contact for the analysed parameter.



Aliyu Danjuma Aliyu, Rusea Go, Hishamuddin Omar, Syazrin Syima Sharifuddin, Azroie Muhammad and Bashirah Fazli 

578 Pertanika J. Sci. & Technol. 27 (2): 565 - 587 (2019)

Correlation Analysis of the Studied Water Quality Parameters of the NAHRIM      
Lake

The statistical analysis of the Pearson correlation of the studied water quality parameters 
of the NAHRIM Lake is presented in Table 2.  The correlation analysis was employed to 
show how the concentrations of the water quality parameters impacted on each other. This 
usually helps in explaining the role such parameters plays in the maintaining the status of 
such water quality and how they impacted the general ecosystem.  The observed correlation 
varies from moderate negatively to strong positively correlations. There was however one 
very strong positive relationship (r = 0.930*) between turbidity and electrical conductivity; 
a strong positive correlation between ammoniacal nitrogen and COD(r = 0.746*) and a 
moderate positive relationship between turbidity and total coliform (r = 0.570), ammoniacal 
nitrogen and conductivity(r = -0.542*), Fe and B(r = 0.408*), manganese and calcium 
(r = 0.546**) as well as a moderate negative relationship between DO and turbidity (r 
= - 0.538*), DO and Manganese (r = - 0.484*) and between total coliform and iron (r = 
-0.420**).

Table 2
 Pearson correlation analysis of studied water quality parameter of the NAHRIM Lake

Parameters r- value Parameters r- value Parameters r- value

Temp x B  0.326* DO x Turb -0.538* TDS x EC  0.243*

EC x Ph  0.311* DOxNO2  0.348** TDS x Mn  0.383*

ECxNH3  0.542* DO x Fe -0.349** COD x NH3  0.746*

ECxNO2  0.255* DO x TCO  0.335* NO2 x NH3  0.330**

pH x DO -0.284* DO x Mn -0.484** NO2 x Mn  0.296*

pH x TDS -0.259* DO x Ca  0.278* NO2 x TCO  0.319*

pH x NO2  0.383** DO x Mg -0.271* NO3 x TCO  0.32*

pH x Mn  0.289* Turb xNH3 -0.314* NO3 x Mn -0.279*

pH x B -0.279* Turb x EC  0.930* NH3 x Fe -0.283*

pH x Mg  0.273* Turb x TCO  0.570* TCO x Fe -0.420**

pH x K -0.267* Turb x COD -0.306* Al x Mn  0.261*

NO2 x B -0.294* Fe x B  0.408*

Temp., Temperature; EC, Electrical Conductivity; B, Boron; NO2, Nitrites; NO3 , Nitrates; NH3, Ammoniacal 
Nitrogen; PO4, Phosphorus; Mn, Manganese; TDS, Total dissolved solids; DO, Dissolved oxygen; Turb., 
Turbidity; Fe, Iron; COD, Chemical oxygen demand; BOD, Biochemical oxygen demand; ECO, Escherichia 
coli; TCO, Total coliform; Al, Aluminum.
**Correlation is significant at the 0.01 level (2- tailed)
*Correlation is significant at the 0.05 level (2- tailed)
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Water Quality Index (WQI) of the water samples from the NAHRIM Lake and 
Constructed wetlands

The mean calculated water quality index for the NAHRIM lake sampling sites varies from 
84.27 to 87.19; with the highest and the lowest water quality index recorded at site NL4 
and site NL2 respectively. The highest WQI of the water samples from the wetlands was 
recorded at the sites CW3 (66.32) and the lowest at the CW2 (61.99) (Table 3).

Table 3
The mean Water Quality Index (WQI) for the sampling sites of NAHRIM lake and the constructed wetlands

Study sites Sampling points DOE-WQI Class Status

NAHRIM Lake NL1 86.93 II Clean

NL2 87.19 II Clean

NL3 86.44 II Clean

NL4 84.27 II Clean

NL5 84.79 II Clean

Constructed 
wetlands

CW1 63.41 III Polluted

CW2 61.99 III Polluted

CW3 66.32 III Polluted

CW4
CW5
CW6

63.80
63.74
65.23

III
III
III

Polluted
Polluted
Polluted

DISCUSSION

In-situ Water Quality Parameters  

The temperature value reported in this study varies among the sites in the studied months. 
The mean temperature value of 29.100C is lower than the NWQS threshold for class IIB 
(normal ±2) but slightly higher than the temperature (29.020C) reported by Said et al. 
(2012b) for Titiwangsa lake with related recreational activities. The slight differences in the 
temperature may be due to the stagnant nature of the lake that allows for the retention of 
the heat during low precipitation periods. In an event of an increase in temperature, which 
is not the case with the NAHRIM Lake, there will be a shoot up in metabolic activities of 
the living components which in turn will lead to a reduction in dissolved oxygen content 
of the lake and may impact negatively on fish and other organisms.  

The conductivity of the water samples exhibited slight spatial and temporal differences. 
However, the total mean conductivity value of 159.10µs/cm was far below the stipulated 
level for class IIB of NWQS and can be categorised under class I. The conductivity 
was higher than those reported by Gasim et al. (2015) and those reported by Al-Badaii 
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et al. (2013) for Cempaka Lake and Semenyih river respectively. The highest detected 
conductivity was at NL4 which was located at the downstream of the constructed wetland 
B support the facts that conductivity is affected by wide range of organic chemicals and a 
failed sewerage system. And a very strong significant positive correlation of conductivity 
with Turbidity (r = 0.93*) lends credence to the impact of particles that contributes to the 
turbid water which is a contributing factor to higher conductivity (Bhateria & Jain, 2016).

The overall mean pH value was 7.20 which is within the class IIB (pH= 9). However, 
the slight variation in pH concentration from weak acidic to basic is an indication of 
decomposition of some organic matter in a complex photosynthetic process by plants and 
algae that utilised carbondioxide released in the water (Gandaseca et al., 2011). The pH 
contaminant sources are from the discharges of canteen and laboratory activities. This 
is clearly supported by the low to moderate positive significant relationship of pH with 
NO2-N (r = 0.383**), Mg (r = 0.273*) and Mn (r = 0.289*) that may be the content of 
the discharges stated above and responsible for the pH.  The pH recorded in this study is 
similar to those reported by Ismail et al. (2012) in their study of hydrological and water 
quality characteristics of Chini Lake but contrasted the findings of Said et al. (2012b) that 
reported a higher pH value for Lake Titiwangsa. 

There is spatial distribution in dissolved oxygen concentration for the NAHRIM water 
samples. Dissolved oxygen is one of the critical parameter in water quality assessment 
that present an insight into the biological and physical processes occurring in the water 
(Dirican, 2015). The dissolution of oxygen in water occurs from the atmospheric diffusion 
and aquatic vegetations photosynthetic processes. The total mean concentration of dissolved 
oxygen of 6.77mg L-1 was below the NWQS class IIB threshold of 7 mg L-1 but on the 
monthly basis, the majority of sites present DO concentration level higher than the class 
IIB threshold and fell under class I, which is similar to the one reported for water quality 
studies of Temmengor lake, Perak by Khalik & Abdullahi, (2012) and Gasim et al. (2015) 
for Cempaka lake in Selangor. The reported DO in this study can effectively support the 
physiological activities of various organism especially the planktons since the deleterious 
effect of DO can only manifest at a DO level of below 5 mgL-1 and critical for fishes at 
2mgL-1  (Said et al., 2012b). 

The mean turbidity concentration (8.40 NTU) is less than NWQS class 1 threshold of 
1000 NTU, and appropriate for NAHRIM lake recreational activities since the NWQS does 
not have a defined level for turbidity. Turbidity occurred from atmospheric deposition that 
leads to erosion taking place at the NAHRIM lake watershed, with most of the effluents 
coming off the wash down of the materials from the impervious areas. However, the 
turbidity value recorded in this study did not agree with the turbidity findings of Ismail 
et al.  (2012) reported for Chini Lake. High turbid water may have injurious effect to the 
fishes and other organisms and this may lead to the movement of the fishes away from a 
very turbid water (Said et al., 2012b). 

The total dissolved solids concentration among the sites in the studied months did not  
highlight any spatio-temporal variation. The average TDS value of 0.079gL-1 categorised 



Water quality of the National Hydraulic Research Institute of Malaysia (NAHRIM) Lake 

581Pertanika J. Sci. & Technol. 27 (2): 565 - 587 (2019)

the lake on water quality basis of class 1. Although there is no stipulated level of TDS 
for the freshwaters meant for recreational activities, it high presence in water can lead to 
clarity issues which may have devastating effect on the photosynthetic organism. In addition 
to the runoff from the roads and impervious areas during weathering processes, organic 
substances from the waste treatment and agricultural chemicals like fertilizers contributes 
to the level of total dissolved solids in the lake (Bhateria & Jain, 2016). The high increment 
in TDS especially those with salt content disrupts aquatic life in the water since the salt 
enhances the dehydration of the skin of most of the animals.  The minimal TDS recorded 
in this study may be due to less land use for anthropogenic activities at NAHRIM Lake but 
more of runoff with large suspended particles from the impervious area. In comparison, 
the TDS value reported in this study is slightly higher than the one reported for by Ismail 
et al. (2012) for Chini Lake; Rostom et al. (2017) for Mariut Lake but slighthly lower than 
that reported for Siling reservoir by Naveedullah et al. (2016). 

Ex-situ Water Quality Parameters 

The chemical oxygen demand (COD) concentration pattern across the sites in the 
months exhibited a slight spatial and temporal variation. However, the mean COD 
(10.15 mg L-1) recorded for the study lies between the NWQS class 1 and II which 
is suitable for recreational body contact. This identifies the organic pollution of the 
lake water to be at minimal level. COD examination is usually used to determine the 
oxygen required for the decomposition of organic matter and oxidation of inorganic 
chemicals to occur. This implies that theoretically, a high COD concentration is an 
indication of a polluted water (Amneera et al., 2013). The COD concentration reported 
in this study is in agreement with those reported for Temenggor lake and Tasik Chini 
(Ismail et al., 2012; Khalik & Abdullah, 2012) but contrasted the higher findings of 
Mood et al. (2017) in their study of effectiveness of Lake remediation towards water 
quality: application in varsity lake as well as that of Sener et al. (2017) for Aksu lake 
in Turkey. 

The biochemical oxygen demand (BOD) together with COD are the two important 
water quality parameters that gives an indication of the organic pollutant content in the 
water bodies. The biochemical oxygen demand (BOD) distribution trend recorded in 
this study does not shows high differences among the study sites, however, the mean 
BOD of 4.41 mgL-1 recorded is above the recommended threshold for the surface water 
meant for recreational activities (3.0 mgL-1) and fell in NWQS class  III. This finding is 
similar to the findings reported by Sujaul et al. (2012) but deviates from the findings of 
Sabri et al. (2016) in their study of water quality monitoring of Tasik Cempaka, Bangi, 
where a lower BOD was reported. 
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The ammoniacal nitrogen which ranged from 0.17 to 0.38 mgL-1(0.34 mg L-1) is 
slightly above the class IIB but still suitable for the recreational contact. The ammoniacal 
nitrogen concentrations in the surface water is associated with the biological decay of 
organic matter discharged from the watershed of the lakes or released from the bottom 
sediment of the lake. Farming and domestic sewage discharge were also contributing agent 
to ammoniacal nitrogen contamination in the water (Naveedullah et al., 2016). This scenario 
is true for the NAHRIM Lake since discharges occurs from the laboratory and canteen area 
as well as sewerage treatment plant with a pollution load that ranged between 2.785kg/day 
to 3.457kg/day (NAHRIM, 2012). The result of this study is partially different from the 
one reported by Al-Badaii et al. (2013) for Semenyih river and Sujaul et al. (2012) in their 
study of surface water pollution in peninsular Malaysia. Ammoniacal nitrogen, nitrites, 
nitrate and phosphorus have a role in the eutrophication of the lake (Orderud & Vogt, 2013).

The nitrites (NO2-N) and nitrates (NO3-N) concentrations in the NAHRIM Lake were 
far below the stipulated level of 0.4 and 7 mg L-1 by the NWQS. They can be categorised 
as class I. This implies that, the agricultural and canteen sources in the lake watershed 
that should be responsible for their contamination is having minimal effects on the water 
quality of the lake. The findings deviated from the one reported by Gasim et al., (2015) 
for Cempaka lake. 

The mean phosphorus concentration (0.056mgL-1) recorded for the NAHRIM Lake 
were below the recommended level for surface water and hence categorised under class 
I. Although phosphorus contamination results from the domestic discharges containing 
detergents, fertilizers and wastes from treatment plants which are present in NAHRIM, 
the discharges from NAHRIM phosphorus sources are having a minimal effect on the lake 
water pollution. The concentration of phosphorus above 0.025mg L-1 usually triggers algae 
and other aquatic plant growth (Yasir et al., 2017). However the concentration recorded 
here is lower than those reported by Gasim et al. (2015) and Yasir et al. (2017) in their 
respective studies of water quality of Cempaka lake and Chini lake respectively. 

TSS is an important parameter for water quality study because the oxygen will easily 
dissolve in low suspended solids water. The concentration of the total suspended solids of 
the NAHRIM Lake falls within the range of class I to II of the NWQS. The average TSS 
for the lake effectively categorised the lake in Class I. This occurrence is associated with 
less consistent land use within the lake general area as well the erosive contribution of the 
rain that washed down the particles from the impervious areas that is less covered by the 
constructed wetlands. The finding of TSS is higher than those reported by the Gasim et al. 
(2015) and Ismail et al. (2012) for Cempaka  and Chini lakes respectively but consistent 
with the findings of Sabri et al. (2016 ) for the same Cempaka lake.

The Escherichia coli and total coliform content of the lake were way above the 
stipulated level of Class II (5000CFU/100mL) and fell in the class III category of NWQS.  
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This occurrence is attributed to the high amounts of discharge containing substances that 
will aid the growth of the microbes. This effluents majorly from the sewerage treatment 
plant of the Institute with a contribution from drainage system that connects the laboratory, 
canteen and workshop to the lake. This findings is consistent with similar one reported 
for Cempaka Lake by Gasim et al. (2015) and Al-Badaii et al. (2013) for Semenyih river. 
Bacterial counts evaluation of the water is usually utilised to determine the pathogenic 
strains of organisms that may be related to the feacal microbes.

Heavy Metals 

Heavy metals are important part of the earth crust that are needed for various developmental 
activities by the organisms. However, at certain concentrations they induce toxicity. Hence 
analysing their concentration in the water bodies meant for human contact is important. The 
detected heavy metal concentrations in the water samples of the NAHRIM lake followed 
a decreasing order of Fe (1.33±0.62) > B (0.46±0.01) > Mn (0.26±0.09) >Al (0.19±0.08) 
> Zn (0.026±0.01). The threshold level was not stipulated for aluminium for surface water 
with recreational purpose but the mean concentration can be categorised under class I. 
Meanwhile, the lowest concentration of aluminium recorded at sites in September is an 
indication of less discharge of effluents for that particular month. Iron threshold was set 
at 1mg L-1 and this implies that, the finding reported here is slightly higher (class III) than 
the stipulated level. Similar lower iron concentration was also observed for September. 

The distribution trend observed for manganese follows the pattern observed for iron. 
Different trend was observed for zinc that recorded a lower concentration as compared to 
the class IIB level of 0.2mg L-1. These findings are similar to those reported by Said et al. 
(2011) for related heavy metals in Cempaka Lake, and for Lake Titiwangsa and Tasik Chini 
(Shuhaimi-Othman et al., 2008; Said et al., 2012b). Thus, the elemental concentrations 
of the lake water can be said to be at the natural level. The lower concentration of the 
elements detected may be attributed to their higher accumulation first by the components 
of constructed wetlands such as the sediments and plants. 

Water Quality Index (WQI) 

The calculated water quality index for the lake varies from a strong class II to a very 
strong class II for each of the sites in the studied months. This shows that, with respect to 
NWQS standard, the lake is suitable for the recreational contact and also for the survival 
of the organisms. The contribution of each of the parameters in the index varies. Similar 
findings of class II status have also been reported for other Malaysian lakes such as Tasik 
Chini, Ampang Hilir lake and Titiwangsa lake (Ismail et al., 2012; Yasir et al., 2017; Said 
et al., 2012a, Said et al., 2012b) while a class III was reported for Bukit Merah lake by 
Akinbile et al. (2013).
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The analysis of the water samples taken from the constructed wetlands indicated higher 
concentrations for majority of the parameters as compared to the water sampled from the 
lake with majority of the parameters being categorised as class III. This may be attributed 
to the filtration process of the wetland which leads to the reduction in the concentration of 
the same parameters in the lake. This finding is in agreement with earlier researches (Sim 
et al., 2008; Zhai et al., 2011; Mburu et al., 2012) that reported the effective role of the 
wetlands in improving the water quality from the contaminants of different of matrices.

CONCLUSION

The water quality characteristics of NAHRIM Lake was determined. The analysis of the 
individual water quality parameters shows that most of the water quality parameters fell 
between the NWQS class I and II. However, the bacterial counts (class III) recorded in 
the water samples of the lake is above the stipulated threshold. The cumulative National 
Water Quality Standard of Malaysia water quality index categorised the lake under Class 
II which makes it suitable for the recreational activities. Generally, the anthropogenic 
activities observed in the study area is the major factors that deteriorate the water quality 
of the NAHRIM lake, however the remediation process by the constructed wetlands acting 
as the first point of contacts limits their impact which is supported by the WQI of class III 
reported for the water samples from the wetlands. Thus, it is recommended that constructed 
wetland can be deployed as a medium of the improvement of water quality in other urban 
lakes with similar contamination problems.
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ABSTRACT

Exposure to industrial air pollutants is a public health concern particularly in children due 
to their immaturity of respiratory systems.  The distance between their school and home 
from the industrial area will elevate the risk of airway inflammation among children. This 
study aims to determine the exposure of Industrial Air Pollutants (PM10, PM2.5, NO2, SO2, 
and VOCs) and its association with airway inflammation (FeNO) among primary school 
children in industrial and non- industrial areas in Kemaman, Terengganu. A cross-sectional 
comparative study was conducted among Malay primary school children in Kemaman, 
Terengganu. A validated questionnaire was randomly distributed to children to get the 
background information, respiratory symptoms and exposure history of the children. The 
assessment of indoor air quality was carried out in each primary school and home using 

indoor air monitoring equipment. Fractional 
exhaled nitric oxide (FeNO) was measured 
using an NIOX MINO device. The results 
showed a significant difference between 
concentrations of PM10, PM2.5, NO2, SO2, 
and VOCs in different classrooms from 
selected schools and homes of exposed and 
comparative groups, P<0.05. Statistical 
analysis revealed that the FeNO level was 
significantly higher among the exposed 
group compared to the comparative group 
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(Z= -9.442, p= 0.001). The research suggests that the exposure to industrial air pollutants 
will increase the risk of getting respiratory inflammation among primary school children 
living near industrial areas.

Keywords: FeNO, NO2, PM10, PM2.5, respiratory inflammation, SO2, VOCs,

INTRODUCTION

Airway inflammation is a complex response of the immune system to a threat such as 
allergens, irritants and infectious agents in the respiratory tract. Numerous of respiratory 
diseases such as cystic fibrosis, bronchiectasis, chronic bronchitis and asthma are associated 
with airway inflammation (Alving & Malinovshi, 2010). FeNO is defined as a non-invasive, 
well-tolerated, and reproducible marker of airway inflammation (Dweik et al., 2011). This 
online and direct method will be done to measure airway inflammation, and is usually 
used in asthma patients. It makes asthma monitoring and treatment easier to be conducted 
routinely in a clinical practice (Yates, 2001).

Exposure to air pollution is a public health concern especially among children as their 
respiratory system is still not fully developed. Generally children are more vulnerable to the 
health effects of air pollution than adults as they inhale and exhale more air in proportion 
to their weight. In addition, children might be more likely to be affected by inflammation 
by air pollutants, as they have high physical activity and ventilation rate as well as smaller 
diameter of airways which contributes to greater inhalation dose of air pollutant (Sánchez-
Guerra et al., 2012). Thus, the evaluation of airway inflammation in children is vital to 
understand the underlying mechanisms of respiratory illnesses and preventing children 
from getting the diseases.

This study was conducted to determine the association between particulate matter 
of less than 10 micrometers (PM10) and 2.5 micrometers aerodynamic diameter (PM2.5), 
nitrogen dioxide (NO2), sulphur dioxide (SO2),  and volatile organic compounds (VOCs) 
with airway inflammation (FeNO) among primary school children in industrial areas in 
Kemaman, Terengganu due to recent expansion and development of industrial activities, 
which are petrochemical, iron and steel industries that have the potential to contribute 
adverse effects to community health especially children. Besides, there are significant 
findings of association between industrial air pollutants with the prevalence of airway 
inflammation by previous studies (Noor Hassim & Jalaludin, 2014). The importance of 
this study will either indirectly or directly help to increase the awareness of the community 
regarding the risk of exposure towards industrial air pollutants, which can later cause 
airway inflammation. This is also expected to provide supportive information or data to 
help developers or any related agencies to prepare a better development plan or control 
measure if there is a threat towards people nearby industrial areas.
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MATERIALS AND METHODS

Study Design and Location

A cross sectional comparative study was conducted among male and female primary school 
children with the aim to determine the airway inflammation (FeNO) among primary school 
children in primary schools located near the industrial area under the exposures of PM10 
PM2.5, NO2, SO2, and VOCs. The parameter involved in airway inflammation was FeNO 
level. Exposed schools (E1, E2, E3) were schools located within 5 km radius to the nearest 
boundary of an industrial site, whereas comparative Schools (C1, C2) were located more 
than 5 km radius from the nearest boundary of an industrial site with less traffic.

Figure 2. Study locations (E1), (E2) and (C2) within and outside a 5 km radius from industrial areas in 
Kemaman ,Terengganu
Source: Image generated by Google Maps, 2015

Figure 1. Study locations (E1) and (C1) within and outside a 5 km radius from industrial areas in 
Kemaman, Terengganu
Source: Image generated by Google Maps, 2015
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Study Sample

A total of 204 primary school children aged 11 years old were selected from five primary 
schools located in Kemaman, Terengganu. Exposed populations were selected among boys 
and girls who attended primary school located within a 5 km radius of the industrial area 
and for comparative group was selected among boys and girls who attended primary school 
located outside the 5 km radius from the industrial area in Kemaman. Random sampling 
method was employed to recruit the respondents with several inclusive criteria; only 
primary school children aged 11 years old, healthy, Malay, and free from any respiratory 
diseases. The name list of children was obtained from the teachers. The list of schools was 
obtained from the Ministry of Education before being divided into two groups; exposed 
and comparative group.

Monitoring in School and Residences

The measurement of indoor air quality was carried out in primary school using indoor air 
monitoring equipment. The air sampling was conducted for at least 5 or 6 hours during 
primary school normal activities and 24 hours in homes. There were 5 primary schools 
and 162 residences selected for the study. The indoor air monitoring equipment used 
were DustTrak DRX Aerosol Monitor 8534, Air Sampling Pump, PbbRAE Portable VOC 
Monitor (pbbRAE 3000), LaMotte Air Sampling Pump, Q-TrakPlus Model 8554 Monitor 
and TSI Velocicalc Plus Model 8386. The equipment were placed at a height of 0.6 to 
1.5 metres above the floor, to simulate the location of breathing zone and was not closer 
than 1 metre to a door, window and wall. Whenever possible, all the equipment were 
placed at the back of the classroom to ensure no sound disruption from equipment during 
learning sessions and to avoid the children from being distracted by them. Meanwhile, the 
measurements in residences were performed by Gillian Air Sampling Pumps. This pump 
comprises a filter membrane cassette for PM2.5 and PM10, portable air sampling pump and 
cyclone. Using the volumetric flow control method, the pump under a fully charged battery 
draws ambient air at 1.7 litre/minute for to 24 hours. The filter paper used was Poly Vinyl 
Chloride (PVC) filters. The method used was in accordance with MDHS 14/3.

Fractional Exhaled Nitric Oxide (FeNO)

The respondents from each study group were recruited randomly to undergo a single-breath 
FeNO analysis. This FeNO measurement was done concurrently during measurements 
of indoor air pollutant. Exhaled nitric oxide (eNO) was measured online following the 
guidelines adopted from ATS/ERS using chemo-luminescence analyser Niox. (Aerocrine, 
Inc., Stockholm, Sweden). The measurement was carried out at least one hour after heavy 
physical activity (if any) while consumption of nitrate-rich food and caffeine among 
respondents was discouraged. The test began with each respondent required to stand up 
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quietly and comfortably. First, the respondent’s nose was clipped, and the respondent was 
required to fully expel air from the lungs by doing a full exhalation through the mouth, after 
which the respondent inserted the mouthpiece of the NIOX system and inhaled NO-free air 
calmly to the total lung capacity over a period of 2-3 seconds. The respondent then exhaled 
steadily for 6 seconds, maintaining a constant air speed in which the machine will emit a 
continuous humming sound if they were breathing correctly. Each of the respondent was 
provided with a disposable mouthpiece. As an error prevention measure in maintaining 
constant air speed while exhaling the air, a visual display of how strong the respondent is 
exhaling during the test was displayed on the screen of a computer. The visual display was 
shown to them so that they can control the speed of the air that was being exhaled. However, 
no repetition of analysis was made among the preschool children. The measured value of 20 
ppb or more was indicated as occurrence of eosinophilic inflammation causing less likely 
of responsiveness to corticosteroids in children less than 12 years old (ATS/ERS, 2005).

Statistical Analysis

Statistical analysis was performed using SPSS version 20.0. Mann-Whitney U test and Chi 
square test were employed to determine the association and differences between indoor air 
pollutant concentrations and the FeNO level. The multiple regression test was performed 
to identify the main factors that influenced the FeNO levels of the children.

RESULTS AND DISCUSSION

The study was conducted to determine the associations of exposure to industrial air 
pollutants (PM10, PM2.5, NO2, SO2, and VOCs) with FeNO among primary school children 
in Kemaman, Terengganu. There were 48 boys (47.1%) and 54 girls (52.9%) from exposed 
area and 54 boys (52.9%) and 48 girls (47.1%) from comparative area who took part in 
this study. The children underwent the airway inflammation test for indicating the FeNO 
levels which was done concurrently with indoor air monitoring in schools.

Table 1
Concentration of air pollutants in schools

Variables
Exposed Group Comparative Group

Z-value p-value
Median (IQR) Median (IQR)

PM10 (µg/m3) 116.00 (39.00) 53.00 (24.00) -11.333 <0.001*
PM2.5 (µg/m3) 94.00 (39.00) 48.00 (22.00) -11.762 <0.001*
SO 2 (µg/m3) 331.46 (100.49) 123.79 (129.60) -12.344 <0.001*
NO 2 (µg/m3) 220.04 (56.61) 22.60 (22.45) -12.357 <0.001*
VOCs (ppm) 0.25 (0.53) 0.07 (0.32) -3.168 <0.001*

Note. N = 204, Mann-Whitney U test; *Significant at p<0.05
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Table 2
Concentration of air pollutants in residences

Variables
Exposed Group Comparative Group

Z-value p-value
Median (IQR) Median (IQR)

PM10 (µg/m3) 90.00 (55.00) 63.00 (25.00) -4.870 <0.001*
PM2.5 (µg/m3) 70.00 (36.00) 51.00 (16.00) -4.455 <0.001*
SO 2 (µg/m3) 165.14(83.12) 41.95 (83.00) -10.223 <0.001*
NO 2 (µg/m3) 165.50 (39.66) 57.60 (57.80) -10.109 <0.001*
VOCs (ppm) 0.71 (4.21) 0.04 (0.58) -3.840 <0.001*

Note. N = 162, Mann-Whitney U test; *Significant at p<0.05

Tables 1 and 2 show the concentration of air pollutants in schools and residences 
between exposed and comparative areas. The concentrations of PM10, PM2.5, NO2, and 
SO2 were monitored based on the Malaysian Air Quality Guidelines (Ambient Standards) 
at a threshold of 150 μg/m3, 75 μg/m3, 75 μg/m3, and 105 μg/m3 for 24 hours average. It 
was concluded that the exposure of the exposed group from the concentrations of PM2.5, 
NO2, and SO2 in schools and residences were higher compared to the comparative group 
and the Malaysian standard. The concentrations of VOCs were monitored based on the 
Industrial Code of Practice (ICOP), in which the recommended threshold level of TVOC 
should not exceed 3 ppm over an 8 hour time weighted average airborne concentration 
(DOSH, 2010). Both VOCs concentration in the exposed and comparative areas in this 
study were within the recommended levels.

Table 3
Comparison of FeNO level among respondents between two groups

Variables Exposed Group (n= 102) Comparative Group (n=102)
Z-value p-value

Median(IQR) Median (IQR)
FeNO (ppb) 21.00 (6.75) 12.00 (5.25) - 9.442 0.001*

Note. N = 204, Mann-Whitney U test; *Significant at p<0.05.

Based on Table 3, the results showed that the FeNO levels were significantly higher 
among the exposed group compared to the comparative group (Z= -9.442, p= 0.001). The 
mean (S.D) for the exposed group [21.57(6.7O)] was higher compared to the comparative 
group [12.80(3.95)]. According to the study conducted by Noor Hassim and Jalaludin 
(2014), the results showed a significant difference between the FeNO levels with the 
study groups (exposed and comparative) with p-value of 0.001. The mean for FeNO 
values among those who were in the exposed area (11.43 ppb) was higher than those in 
the comparative area (8.17 ppb). Similarly, Yusoff et al. (2016) also reported a significant 
difference in FeNO values among school children of studied and comparative groups at 
p<0.001, suggesting that the school location might have influenced the FeNO levels among 
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study respondents. The results could be due to the higher degree of exposure experienced 
by those in the exposed area as compared to those in the comparative area (Ayuni et al., 
2014). Another study conducted by Aida et al. (2014) revealed that the mean concentrations 
of FeNO at both areas (urban =11.3 ppb, rural=9.5 ppb) were lower than the standards (20 
ppb to 35 ppb for children) based on the ATS clinical practice guidelines for interpretation 
of FeNO. At a low FeNO value (<20 ppb), eosinophilic airway inflammation is unlikely to 
happen; whereas at a high FeNO (>20) level, eosinophilic airway is more likely to happen. 
Besides, several factors such as individual and environmental were highly related to the 
increase of FeNO values and they are needed to be investigated further in the multivariate 
analysis (Franklin, 2007). Individual factors influencing FeNO levels among children 
are gender, active lifestyle, nitrate-rich diet, airway calibre, any infectious disease, and 
medication while for environmental factors can be described as exposure to tobacco smoke 
and environmental pollutants such as SOx and NOx (ATS/ERS, 2005; Boqqs & Dokmeci, 
2012). Thus, the findings support the hypothesis that the FeNO levels of the primary school 
in exposed areas are significantly higher than the primary school in the comparative area.

Table 4
The association of exposure between industrial air pollutants concentration in schools and FeNO levels 
among study groups

Variables
FeNO

χ2 p-value PR 95% CIUnlikely (<20 ppb)
Total (%)

Present (≥20ppb)
Total (%)

PM10

High
(≥87 μg/m3) 62 (30.40) 40 (19.61) 7.84 0.001* 0.32 0.16-0.62

Low
(<87 μg/m3) 42 (20.58) 60 (29.41)

PM2.5

(≥81 μg/m3) 65 (31.86) 29 (14.22) 12.44 0.001* 0.17 0.08-0.35
(<81 μg/m3) 49 (24.02) 61 (29.90)
NO2

(≥170 μg/m3) 68 (33.33) 28 (13.73) 10.82 0.043* 2.93* 1.02-8.45
(< 170μg/m3) 48 (23.53) 60 (29.41)
SO2

(≥243 μg/m3) 72 (35.29) 30 (14.71) 25.68 0.005* 4.64* 1.56- 13.81
(< 243μg/m3) 31 (15.20) 71 (34.80)
VOCs
(≥ 0.084ppm) 48 (23.53) 60 (29.41) 18.70 0.001* 0.11 0.05-0.23
(< 0.084ppm) 70 (34.31) 26 (12.74)

Note. N= 204, Chi- Square Test; *Significant at p< 0.05; Significant PR at 95% CI>1
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Table 4 shows the association between the industrial air pollutant concentrations 
of PM10, PM2.5, NO2, SO2, and VOCs with airway FeNO values among exposed and 
comparative groups. Based on the median value, the level of PM10 concentration in schools 
was categorised into two groups; high level (≥ 87 µg m-3) and low level (< 87 µg m-3), PM 
2.5 concentration; high level (≥ 81 µg m-3) and low level (< 81 µg m-3), NO2 concentration; 
high level (≥ 170 µg m-3) and low level (< 170 µg m-3), S02 concentration; high level (≥ 
243 µg m-3) and low level (< 243 µg m-3) and VOCs concentration; high level (≥ 0.084 
ppm) and low level (< 0.084 ppm).

Based on Table 4, there was a significant association found between NO2 and SO2 
with the FeNO value as p< 0.005. The children who were exposed to a high concentration 
of NO2 were 2 times more likely to have a higher FeNO level (PR= 2.93, 95% CI=1.02- 
8.45) while the children who were exposed to a high concentration of SO2 were 4 times 
more likely to have a higher FeNO level (PR= 4.64, 95% CI=1.56-13.81), depicting higher 
airway inflammation.

Table 5
The association of exposure between industrial air pollutant concentrations in residences and FeNO 
levels among study groups

Variables
FeNO

χ2 p-value PR 95% CIUnlikely (<20 ppb)
Total (%)

Present (≥20ppb)
Total (%)

PM10

High (≥ 74 μg/m3) 40 (24.69) 42 (25.93) 11.78 0.001* 0.317 0.16-0.62
Low (< 74 μg/m3) 60 (37.04) 20 (12.34)
PM2.5

(≥ 61 μg/m3) 39 (24.07) 49 (30.25) 24.72 0.001* 5.024* 2.58- 9.79
(< 61 μg/m3) 61 (37.65) 13 (8.03)
NO2

(≥59 μg/m3) 27 (16.67) 48 (29.63) 39.13 0.001* 5.497* 3.02-10.01
(< 59μg/m3) 73 (45.06) 14 (8.64)
SO2

(≥84 μg/m3) 33 (20.37) 48 (29.63) 30.21 0.001* 4.598* 2.55- 8.30
(< 84μg/m3) 67 (41.36) 14 (8.64)
VOCs
(≥0.070ppm) 16 (9.87) 60 (37.04) 5.800 0.016* 0.400 0.16-0.85
(<0.070ppm) 75 (46.30) 11 (6.79)

Note. N= 162, Chi- Square Test; *Significant at p< 0.05; Significant PR at 95% CI>1

Table 5 shows the association of exposure between industrial air pollutant concentrations 
in residences and the FeNO levels among study groups. Based on the median value, the 
level of PM10 concentration in residences were categorised into two groups; high level 
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(≥74 µgm-3) and low level (<74 µgm-3), PM2.5 concentration; high level (≥61 µgm-3) and 
low level (<61 µgm-3), NO2 concentration; high level (≥59 µgm-3) and low level (<59 
µgm-3), SO2 concentration; high level (≥84 µgm-3) and low level (<84 µgm-3) and VOCs 
concentration; high level (≥0.070 ppm) and low level (<0.070 ppm).

Based on Table 5, children who were exposed to high industrial air pollutants in 
residences had high FeNO levels [PM10 (25.93%), PM2.5 (30.25%), NO2 (29.63%), SO2 
(29.63%), and VOCs (37.04%)]. As shown in Table 5, there was a significant association 
found between PM2.5, NO2, and SO2 with the FeNO value as p< 0.005. The children who 
were exposed to high concentrations of PM2.5 were 5 times more likely to have higher 
FeNO levels (PR= 5.024, 95% CI=2.58- 9.79). The children who were exposed to high 
concentrations of NO2 were 5 times more likely to have higher FeNO levels (PR= 5.497, 
95% CI=3.02- 10.01) while the children who were exposed to high concentration of SO2 
were 4 times more likely to have higher FeNO levels (PR= 4.598, 95% CI=2.55- 8.30), 
depicting higher airway inflammation.

Previous local studies had shown that the concentrations of indoor air pollutants in 
schools and residences nearby the industrial area were higher compared to the comparative 
group (Jamil et al., 2015; Suhaimi et al., 2016). A local study by Aziz et al. (2014) found 
that only NO2 showed a significant association with the elevated levels of FeNO (p<0.05) 
in rural areas. However, the exposure to NO2 in this study was lower in both areas based on 
the measurements carried out. When the data of these two study areas were combined, the 
results showed a significant association between NO2 and FeNO. However, the relationship 
was not strong (coefficient of 1). This result may be related to individual susceptibility 
(nutrition status and genetics) instead of pollutant exposure (Stefania et al., 2012). Franklin 
et al. (2007) previously explained that the FeNO value in children increased until the age 
of 13. Thus, the findings support the hypothesis that there is a significant association of 
industrial air pollutant concentrations between FeNO levels in schools and residences.

Table 6
Multiple linear regressions for association between PM10, PM2.5, SO2, NO2 and VOCs in school with 
airway inflammation after controlling the confounders

Independent Variable B (SE) p-value PR 95% CI
Constant -0.76 (0.23) 0.001 0.47
PM10  (μg/m3) 1.67 (1.31) 0.203 5.30 0.41- 69.26
PM2.5 (μg/m3) -1.54 (1.07) 0.151 0.21 0.03- 1.76
NO2 (μg/m3) 1.11 (0.49) 0.023 3.02* 1.16- 7.82
SO2 (μg/m3) 0.54(0.74) 0.466 1.72 0.40- 7.39
VOCs (ppm) 0.50 (0.54) 0.326 1.66 0.57- 4.80

Note. N=204, Method = Stepwise; *Significant at p<0.05; Adjusted R2 = 0.42795%; CI= 95% Confidence 
Interval; B= Regression Coefficient; S.E= Standard Error



Anis Syafiqah Kamaruddin, Juliana Jalaludin, Titi Rahmawati Hamedon and Nur Hazirah Hisamuddin

598 Pertanika J. Sci. & Technol. 27 (2): 589 - 600 (2019)

It is known that air pollutants in schools and residences are influenced by different 
activities; indoors or outdoors. Table 6 shows five variables to represent factors at schools 
which were significantly associated with airway inflammation among school children when 
they were statistically analysed at univariate level. Statistical analysis showed that NO2 was 
the most significant factor in schools that influenced airway inflammation among primary 
school children. There was a significant direct linear relationship between NO2 in schools 
and FeNO levels (p<0.05). With an increase of 1 µg/m3 in NO2 in schools, FeNO levels 
among school children increased by 0.001%. A study in the Netherlands found that changes 
in NO2 concentrations were associated with evidences of acute airway inflammation (FeNO 
value) and impaired lung function (Strak et al., 2012). These findings were consistent with 
findings of Noor Hassim and Jalaludin (2014) whereby indoor NO2 was found to have 
stronger associations with FeNO levels than PM2.5. Other than that, a study done in London 
by Kharitonov et al. (1994) revealed that the level of FeNO increased in atopic patients 
than in non-atopic asthma patients. In another study in Italy conducted by Van den Toorn 
et al. (2001) on randomised clinical trial evaluating two groups of asthmatic children; one 
of them was assessed for FeNO measurements. After six months of follow- ups, they found 
that there was a significant reduction of FeNO levels, asthma exacerbation and clinical 
symptoms in the FeNO group after 6 months of therapy. Based on the study, it revealed 
that FeNO was potentially capable in evaluating the role of airways inflammation.

CONCLUSION

In summary, the research indicates that children exposed to industrial air pollutants might 
have increased risk of getting airway inflammation. This study also suggests that exposure 
and specific explanation about the risk of getting airway inflammation due to poor air 
quality inside classrooms and residences should be given to the public, primary school 
management, and parents. Further studies are required to confirm the observed association 
between industrial air pollutant concentrations and respiratory health among primary 
school children in the industrial and non- industrial areas. Thus, FeNO can be suggested 
as a non- invasive biomarker for airway inflammation among children.
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ABSTRACT

This study compares the distribution of dissolved nutrients (NO3
− and PO4

3−) between 
two seasons (pre-monsoon and post-monsoon) in Pulau Perhentian, Terengganu. The 
concentration of dissolved PO4

3− was found to be 16 to 83 times higher during the post-
monsoon period (April 2015) compared to the pre-monsoon period (October 2014). On 
the other hand, the concentration of dissolved NO3

− was two (2) to three (3) times higher 
during the post-monsoon period (April 2015) compared to the pre-monsoon period (October 
2014). These nutrients’ inputs were converted from P limitation condition during the pre-
monsoon period to N limitation condition during the post-monsoon period at our study 
area. The results of this study suggest that the Northeast monsoon plays an important role in 
influencing the distribution of dissolved nutrients between seasons in Pulau Perhentian. It is 
thought that during the post-monsoon period, a considerable input of nutrients from bottom 
water is responsible for increasing dissolved nutrients in surface water, in particular PO4

3−.

Keywords:  Dissolved nutr ients ,  Monsoon, 

N-limitation, P-limitation, seawater 

INTRODUCTION

Dissolved nutrients in seawater are essential 
for phytoplankton growth (Malone et al., 
1996) and are considered as one of the 
most important parameters in the ocean 
environment (Mohamed & Amil, 2015), 
as well as for reproduction and metabolic 
activities of living beings. Knowledge of 
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seasonal growth-rate responses of coastal phytoplankton communities to increasing nutrient 
loading offers insights into the potential effects of eutrophication on energy transfer within 
the ecosystem. It also provides a tool for establishing ecologically relevant management 
strategies (Olson et al., 2001). High rates of nutrient supply to these environments frequently 
enhance phytoplankton growth and biomass, and increase the rate of organic matter loading 
(Smith & Bennett, 1999). The rate of nutrient supply is subject to many factors, including 
human activities, which add to the variability and uncertainty of the nutrient budget of its 
zone (Rabouille et al., 2001). 

The relative concentrations of N and P have been used to estimate which of these 
nutrients is limiting the growth of phytoplankton in aquatic systems. The approach is 
simple and easy to use provided that data exists on N and P concentrations. However, 
interpretation of the results should be undertaken with caution as the N:P ratio may not 
correctly indicate the limiting nutrient of the system. Redfield (1934, 1958) argued  that 
marine phytoplankton contains a molecular C:N:P ratio of 106:16:1 (50:7:1 by weight), and 
application of the ratios has become widespread not only in marine, but also in freshwater 
phytoplankton studies. A departure from this ratio has been assumed to imply nutrient 
deficiency. In such a case, there is not only sub-optimal growth of phytoplankton, but also 
sub-standard food resources for primary consumers of phytoplankton.

It is known that the nutrient condition is not constant but varies according to seasonal 
and environmental conditions. Previous studies reported that a mass N:P ratio above 17 
indicates P limitation while a ratio below 10 is N limitation. Values between 10 and 17 
indicate that either of the nutrients may be limiting (Forsberg & Ryding, 1980; Hellström, 
1996). A recent study by Adiana et al. (2014) concerning the South China Sea off peninsular 
Malaysia suggested that the climatic changes between Northeast monsoons had a major 
influence on metal partitioning as well as affecting the metal’s distribution in the waters 
off the southern Terengganu coast. It drives the mixing and transport that determine upper 
ocean structure; where metals are carried to the surface by water mixing. These phenomena 
may supply nutrients into surface water to support the growth of phytoplankton in the 
area. In coastal areas where water mixing is seasonal or intermittent, the nutrient content 
of the surface waters may show marked fluctuations and may actually increase during the 
season of monsoon events.

In addition, a previous study by Mohamed and Amil (2015) found a lack of dissolved 
nutrients during the pre-monsoon event (October 2014) at Pulau Perhentian. A dramatic 
growth of phytoplankton biomass in the incubation bottles was recorded when enriched 
with a combination of nitrogen (N), phosphorus (P) and carbon (C) as well as exposure 
to sunlight for three days. These results suggested that during the pre-monsoon period, 
phytoplankton were living in a low-nutrient condition which could possibly be due to a 
monsoon event. However, this study was only based on nutrient enrichment incubation 
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