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a b s t r a c t
The entry of pollutants into the water bodies has deteriorated the quality of freshwater which led 
to the occurrence of water pollution. The factors of water pollution due to natural processes are cli-
mate change and natural disasters. The anthropogenic activities that affect water quality are urban-
ization, development of infrastructures, industrial applications, agricultural activities, and sediment 
runoff. The severity of water pollution is measured using physical, chemical, and biological param-
eters. For biological parameters, metagenomics analysis is associated with bioinformatics in detect-
ing, identifying, and characterizing the microorganisms present in the environment. The methods 
carried out from the data analysis through the bioinformatics study are bacterial abundance, rar-
efaction curve, core microbiome, clustering analysis and diversity analysis. Turbidity, temperature, 
electrical conductivity (EC), and total dissolved solids (TDS) are the physical parameters whereas 
pH, nutrients (ammoniacal nitrogen and phosphorus), dissolved oxygen (DO), and heavy met-
als are the chemical parameters. A thorough and detailed study needs to be done to correlate the 
sources of water pollution and the water quality of freshwater. Therefore, proper treatment can be 
carried out to improve the water quality of the freshwater according to the class in DOE-WQI.
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1. Introduction

In the past, water was a vital substance for the formation 
of civilization, but nowadays, water plays a part in deter-
mining the residential area [1]. With the increment in the 
human population and economic development, the main 
priority in sustaining human daily life is global freshwater 
[2]. Moreover, the global water demand had escalated by 
600% over the past 100 y with an annual increment rate of 
1.8% [2].

The entry of pollutants into the water bodies has led to 
the occurrence of water pollution. The occurrence of water 
pollution has disturbed the natural function and the ben-
eficial use of the water which led to the shortage of freshwater 

[3]. The pollutants can be present in two forms which are bio-
degradable and non-biodegradable forms [4]. Biodegradable 
pollutants are compounds caused by the short-term impact 
which can be degraded by microorganisms through enzy-
matic activities [5] whereas non-biodegradable pollutants 
are compounds that persistent in the environment and 
cannot be degraded through biological activities [4,6].

To fulfil the needs of living organisms, specific require-
ments on the quality and condition of the water need to be 
reached and maintained. The Department of Environment 
(DOE) is the governmental authority in Malaysia which has 
the responsibility for monitoring and evaluating the water 
quality of the water. Two systems have been developed and 
applied which are the Water Quality Index (WQI) and the 
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Interim National Water Quality Standards (INWQS) for the 
assessment of water quality [7]. WQI helps in assessing the 
condition and status of the water while INWQS is used to 
classify the beneficial uses of the water courses by refer-
ring to WQI data [7,8]. From INWQS data, the water qual-
ity of water bodies is divided into six different classes (Class 
I, Class IIA, Class IIB, Class III, Class IV, and Class V) in 
which Class I indicate the excellent condition of the water 
whereas Class V has the worst water condition that needs 
large-scale treatments.

2. Source of water pollution

Two factors that can cause the phenomenon of water 
pollution are natural factors and anthropogenic factors.

2.1. Natural processes

The occurrence of water pollution due to natural factors 
is mainly a result due to the changes in the environment 
throughout the year. There are two categories of water pol-
lution due to natural processes which are climate change and 
natural disasters [9]. As climate change happens, there are 
extreme weather events such as increased water tempera-
ture and heavy rainfall which affect the chemical processes 
in the surface water together with the increment in the pH 
level [9]. During heavy rainfall, there was high gas solubil-
ity, high water viscosity and wind dynamics which led to 
the phenomenon of surface run-off pollution, increase in 
precipitation and changes in water flow [10].

For Malaysia, droughts and floods are common natu-
ral disasters which create changes in the water conditions 
through the dilution or concentration of dissolved substances 
[10]. The flow rates of water and the temperature of water 
influence the dissolved substances concentration and dis-
solved oxygen in the water. The phenomenon of droughts 
happens when there are low flow rates and high-water tem-
peratures, the number of dissolved substances escalates, 
however, the concentration of dissolved oxygen depletes 
[11]. As the period of droughts increases, the temperature 
rates also increase which brings an enormous impact on 
water resources [9]. Due to this situation, the rainfall dis-
tribution is affected which increases the probability of the 
flooding phenomenon occurring in which the river can no 
longer accommodate the rainwater that enters the river 
[12]. The overflow of the water carries different types of 
contaminants such as human sewage, chemical, livestock 
waste and other impurities which bring detrimental impacts 
towards the quality of the water [12].

2.2. Anthropogenic activities

Anthropogenic factors are caused by human activi-
ties which affect and degrade the quality of water bodies 
due to the interference of contaminants in the ecosystem. 
Urbanization has become the main cause of water pollu-
tion through anthropogenic activities. Examples of urban-
ization are the conversion of land into croplands, wetlands, 
forests, pastures and grasslands for commercial, and indus-
trial use, the development of residential areas, and trans-
portation practices which intensify the areas of impervious 

surfaces [10]. High loadings of nutrients occur due to the 
increase of impermeability and runoff from the urbanized 
area along with the discharges of the effluents from munic-
ipal and industrial activities [13]. Municipal practices, land 
development, forestation, and deforestation are the activities 
which are correlated with urbanization. Many human activ-
ities and socio-economic areas generated municipal wastes 
either in liquid or solid forms [14]. These wastes are created 
on a daily basis either released from domestic dwellings, 
business premises, or establishments in residential areas 
such as schools and hospitals.

The development of infrastructures such as construction, 
pipelines, highways, and roads are related to land use activ-
ities that affect the water systems. Due to the transformation 
of the landscapes, the alteration in the water balance occurs 
which gives an impact on the solute mass flows and quality 
[15]. Additionally, the concrete and compacted surfaces have 
generated elevations in the storm run-offs and decreases 
in diffuse inflow and evapotranspiration [9]. If there is 
improper land use management, clear-cutting of forests and 
vegetation activities for urbanization can occur which led to 
the incident of soil erosion [10]. Once this incident happens, 
the hydrological regime of the river changes and disrupts 
due to the entry of soil which increases the water turbid-
ity and siltation takes place at the downstream area [10].

Industrial applications also become one of the concern-
ing issues due to the production of high amounts of efflu-
ents that pose potential hazards and drawbacks to the nearby 
water bodies especially mills, factories, and mining sectors. 
As reported by [16], industrial activities and urban uses 
occupy approximately 3% of the land surface including the 
mineral extraction and exploration areas. Manufacturing 
industries generate more waste, especially mining activities 
compared to urban and agricultural practices because these 
industries create a high amount of waste all over the world 
[15]. Solid or liquid waste, mining wastes, spills, and leaks 
are the sources of water contamination in industrial activi-
ties. Furthermore, accidental spills and leaks in the manufac-
turing product tanks and pipelines can deteriorate the water 
condition as the chemical and hazardous waste (benzene, tol-
uene, and xylene) enter the nearby water resources [17]. For 
the mining industries, the excavation of solid waste, heavy 
use of water in processing the ore, seepage from tailings, 
waste rock impoundments, and water pollution from dis-
charged mine effluent affect surface water and groundwater 
[18]. Mine-water drainage contains a high amount of sulfate, 
iron, and other metal concentration along with the creation 
of acidic conditions in the water bodies which indicated the 
severity of this condition [18]. Along with that, there can be 
the accumulation of harmful compounds in the water as a 
large amount of water is used in reducing the mine dust, 
equipment cooling, washing, and processing [9].

In agricultural activities, a large number of fertilizers 
and pesticides are required to produce a high number of 
crops. Pesticides are used in controlling pests in commu-
nity gardens, agricultural areas, and other public areas [19]. 
Pesticides are needed for plant protection against insects, 
increase crop yields and allow the plant to be cultivated on 
the same land multiple times in a year [20]. Nevertheless, 
there is a drawback to the usage of pesticides in which the 
high solubility of pesticides enables this compound to move 
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over a wide geographical area which can easily pollute the 
water bodies [9]. The excessive use of fertilizers leads to 
the increment of nitrogen (N) and phosphorus (P) which 
cause impairment in the water resources [9]. Nitrate that is 
present in soluble form can be mobile and simply extracted 
from the soil with percolating water while phosphorus can 
move easily with the soil under certain conditions [9]. The 
clearance of land to perform agricultural activities raises the 
issue related to the salinity in the catchment. Water salinity 
escalated along with acidic conditions due to the decompo-
sition of the organic matter [21]. Furthermore, monocultural 
plantations such as rubber plantations, palm oil planta-
tions, and paddy plantations have generated an abundance 
of nitrate in shallow aquifers [22,23].

Next, with the occurrence of sediment runoff, the capac-
ity for the water resources to accommodate the water reduces 
due to the high amount of sediment entering the water 
resources [4]. In addition, there are also disturbances in the 
water ecosystem in which there is a depletion of light pene-
tration as oxygen is unable to pass through the water due to 
the escalation of water turbidity [4]. Lastly, the increment in 
water temperature is also triggered by thermal pollution. The 
industries involved with this pollution are nuclear power 
and electric power plants, petroleum refineries, steel-melting 
factories, coal-fired power plants and boilers from indus-
tries [13]. The high amount of heat was discharged from 
these industries which converted the characteristics of the 
water physically, chemically, and biologically [13]. The result 
of this pollution is the reduction of oxygen in the water 
resources which disrupts the reproductive cycles, and respi-
ratory and digestive rates of the aquatic organisms.

3. Water quality parameters

To measure the severity of water pollution, three parame-
ters can be used which are physical, chemical, and biological 
parameters [24]. For the physical parameters, the examples 
are turbidity, temperature, colour, taste and odour, solids, 
electrical conductivity (EC), total suspended solids (TSS) 
and total dissolved solids (TDS) whereas chemical parame-
ters are pH, nutrients (ammoniacal nitrogen, nitrate, sulfate, 
sulfide and phosphorus), dissolved oxygen (DO), biological 
oxygen demand (BOD), chemical oxygen demand (COD), 
heavy metals (iron, manganese, copper, zinc), toxic organic 
and inorganic substances and radioactive compounds [21]. 
The physical and chemical parameters also known as phys-
icochemical parameters are commonly measured together. 
As for biological, it involves identifying the microorgan-
isms present in the contaminated environments and their 
abundance.

3.1. Biological parameters

Examples of biological parameters are bacteria, algae, 
viruses, and protozoa present in the water bodies [24]. 
Referring to [25], fecal coliform and groups of microorgan-
isms can be used to measure the water contamination that 
occurs in water resources. Fecal coliform is known as the 
bacteria which can be found in human and animal wastes 
[26]. Escherichia coli (E. coli), Streptococcus faecalis (S. faecalis) 
and Clostridium perfringens (C. perfringens) are usually used 

as indicators of organisms as these bacteria are always pres-
ent in fecal contaminated water [27]. With the high amount 
of these bacteria in the river water, there is also the pres-
ence of pathogenic organisms which can cause adverse 
health effects on human beings [27].

3.1.1. Metagenomics study

For the traditional approach, coliform bacterial abun-
dance or Escherichia coli (E. coli) is used as a proxy to mon-
itor the pollution that happens in the water bodies [28]. 
Nonetheless, a few difficulties emerge such as the occurrence 
of false-negative results and longer time for culturing process 
and the correlation between faecal indicators and waterborne 
pathogens [29]. The false-positive and false-negative results 
are produced when the viable bacteria are in a stress state 
[30]. Besides, the culturing process needs 24–48 h for the tar-
geted microbes to grow to the level that facilitates enumer-
ation [29]. The presence of pathogens cannot be measured 
precisely as the fecal indicators do not occur at the frequen-
cies that correlate with the pathogens [29]. [31] mentioned 
that traditional culture-based methods are unable to detect 
all the microorganisms present in polluted areas due to their 
limitations. In laboratory growth, less than 1% of the bacte-
rial species from the environmental sample can be cultured 
[32] and several populations of E. coli have been environ-
mentally adapted in aquatic environments [28]. Therefore, 
E. coli seems to be unreliable to be used as the biological 
indicator in water quality studies.

The development of metagenomics analysis is one of 
the approaches that can be used to facilitate water quality 
studies. Metagenomics analysis is the study of the collective 
genome of microorganisms [33] that helps with the direct 
genetic analysis of the genome of microorganisms that are 
present in the environmental sample [34,35]. This analysis 
is classified as a culture-independent approach and only 
requires the DNA of the tested microorganisms [36]. From 
metagenomics analysis, information on the taxonomic level, 
phylogenetic information, and function gene diversity can 
be gathered [29]. At the diversity level, the richness and 
evenness of the microbes can be assessed while microbial 
composition provides information on the taxa and gene’s 
presence in the contaminated water [28,30]. There are 
functional differences in communities that can be detected 
through metagenomics studies across land use, eutrophica-
tion, and the gradients of pollution [37]. Through metage-
nomics studies, new insights into the metabolic versatility of 
microorganisms in aquatic sediments, their roles in biogeo-
chemical cycles and adaptation to a different environment 
can be identified [37].

The association between metagenomics analysis and 
bioinformatics allow the identification, detection and char-
acterization of the microorganisms that are present in the 
environment. Bioinformatics is described as the software to 
seize and interpret biological data [38]. To perform metag-
enomics analysis, the microbial target (viruses, bacteria, 
or protozoa) must be identified as different sample prepa-
ration measures and extraction protocols are needed to 
maximize the yield of DNA from the microorganisms [29]. 
Metagenomics analysis is a single-genome sequencing [29] 
which involves only targeted genes such as 16S rRNA or 18S 
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rRNA [39]. From the analysis, the genetic information on 
the potentially novel biocatalysts or enzymes, the genomic 
linkage between functions, the phylogeny for uncultured 
organisms, the evolutionary profiles of the community func-
tion and structure, novel hypotheses of microbial function 
can be obtained [34]. Additionally, the metatranscriptomics 
or metaproteomic approaches can be complemented with 
metagenomics analysis to describe the expressed gene [34].

Various methods can be obtained from the data anal-
ysis through the bioinformatics study such as bacterial 
abundance, rarefaction curve, core microbiome, clustering 
analysis and diversity analysis. The visualization of bacte-
rial abundance is the common method for identifying the 
changes in the taxa among the study groups [40]. Thus, the 
information on the quality of the water and the source of 
the contamination can be recognized [41]. The rarefaction 
curve compares the species richness of the microorganisms 
due to the differences in the number and density of the 
taxa in area, volume, or sampling efforts [42]. Budka et al. 
[43] mentioned that the part of the curve associated with 
the rarefaction standardizes the biodiversity measures to a 
fixed smaller variety of samples for the reason of evaluation 
amongst datasets with uneven sample units. From the rar-
efaction curve data, the diverse bacterial communities can be 
compared as the graph represents the relationship between 
the number of OTUs (species richness) and the number of 
sequences [44]. As the rarefaction curves are approaching 
the plateaus, it shows that there are highly diverse microbial 
communities present in each sample [44].

For the core microbiome, it is the set of taxa which have 
a higher relative abundance that is above the given abun-
dance threshold [26]. The association between two or more 
microbial communities in each environmental sample indi-
cates that the shared taxa have high ecologically and func-
tionally crucial microbial associates with the environments 
[45,46]. A few factors influenced the core microbiome which 
is the proportion of the samples that share a set of microbial 
taxa, the relative abundances of the shared taxa across the 
samples, or the combination of both conditions [45]. As for 
the clustering analysis, this method aims to recognize the 
group of clusters that have more similarity to each other 
than other clusters [47]. Through this process, the objects are 
divided into groups with high heterogeneity and the similar-
ity between the objects in the same group is evaluated [48]. 
A hierarchical cluster is the clustering method which com-
bines objects that are similar and combine the most similar 
clusters [48,49]. The distance between the objects is calculated 
and identification of the cluster needs to be done for the clus-
tering process. Objects with high similarities are grouped in 
one cluster while objects with low similarities are in different 
clusters [48]. To simplify, the homogeneity with a similar clus-
ter is high but the homogeneity between the cluster is low.

Two forms of clustering can be used which are the den-
drogram form and the heatmap form. The dendrogram is 
in form of a tree-like structure that is broken into different 
levels to show different clusters of data sets [47] while the 
heatmap is the comparison between taxonomic composition 
in the area and the correlation between them [50]. The colour 
in the heatmap box determines the correlation between the 
taxonomic composition either positive or negative refer-
ring to the distance measure methods [51]. The hierarchical 

agglomerative clustering methods are different depending 
on the calculation of the similarity between the two clusters 
either by using a single link, complete link, group average, 
or Ward’s method [49]. For the distance method, three dif-
ferent methods can be used to calculate the distance, which 
is Euclidean, Pearson and Minhowski. Euclidean distance is 
the most common distance method used in clustering [48,49].

Alpha diversity and beta diversity is the example of 
diversity analysis in metagenomics. Alpha diversity is 
defined as the analysis which provides a comprehensive 
indicator of the species richness and uniformity in the com-
munity ecology [52] and can be described as the structure of 
an ecological community concerning its richness, evenness, 
or both [53]. Species richness helps in measuring the number 
of individuals per unit area or per sample and the specific 
content of the area. According to [54], species richness indices 
are higher for species-rich communities whereas equitability 
indices depict the relative abundance of different species of 
a community. The evenness index is high when the number 
of individuals of different species is equal in the community, 
however, the evenness index is low when only one or few 
species are in terms of the number of individuals dominat-
ing the community [54]. The examples of diversity metrics 
in alpha diversity are Observed richness, Chao1, Simpson 
and Shannon [55]. The observed richness and Chao1 reflect 
the OTUs number in a sample and values that positively cor-
relate with the species richness of the sample while Simpson 
and Shannon reflect the uniformity of the abundance of the 
different species in a sample [52]. Beta diversity functions in 
evaluating the bacterial diversity and species complexity dif-
ferences that occur between samples [56]. There are a few dis-
tance metrics in beta diversity such as UniFrac (Unweighted 
UniFrac Distance and Weighted UniFrac Distance), Bray-
Curtis Index, Jensen-Shannon Divergence and Jaccard Index 
[55]. Moreover, four statistical methods can be used which 
are ANOSIM, PERMANOVA, Mantel and PERMDISP [57]. 
ANOSIM method is used to determine whether the dis-
tances between groups are greater than within groups 
while PERMANOVA method is used to determine whether 
the distance differs between groups [57].

The advantages of using metagenomics analysis are the 
comprehensive understanding of the microbial communi-
ties in the water resources along with the recognition of the 
changes in microbial communities during the monitoring 
phase [31]. The number of raw reads available is increasing 
while the associated costs are rapidly declining through the 
sequencing systems [29]. Finally, massive data sets that reveal 
the genes and functional diversities in a nontargeted man-
ner can be collected due to the availability of bioinformatic 
tools to facilitate the analysis of the metagenomic data [29].

3.2. Physicochemical parameters

3.2.1. Dissolved oxygen

Dissolved oxygen (DO) portrays the self-purification 
capacity of the water body [58]. DO is correlated with the 
water body as it gives both direct and indirect information 
regarding the bacterial activity, photosynthesis activity, 
nutrient availability, and stratification (Patil, 2012). During 
the progress of summer, the amount of dissolved oxygen 
depletes due to the increment of temperature and microbial 
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activity [59]. According to [59], the solubility of the dissolved 
oxygen is also influenced by the thermal regime. The dis-
solved oxygen becomes less soluble when the temperature 
of the water increases.

As mentioned by [60], DO is also being influenced by 
the water flow and season in a year. When seasonal changes 
occur, there will also shift in the water flow of the river 
water. In Malaysia, there are two seasons which are the wet 
season and the dry season. During the wet season, there will 
be heavy rainfall which causes a high amount of rainwater 
to enter the river water. Due to this condition, the river flow 
becomes faster which also increases the turbulence of the 
water. Thus, the amount of dissolved oxygen in the water 
becomes higher [61]. [62] also emphasized that with the 
elevation of the river flow, there will be a reduction of the 
organic matter as dilution impacts happen. As this condi-
tion takes place in the river water, the amount of dissolved 
oxygen will increase. Moreover, there is also a correlation 
between dissolved oxygen and biological oxygen demand 
(BOD) [63]. As the DO in the water declines, the BOD of the 
water increases. This is because dissolved oxygen is con-
sumed by the aerobic microorganism to carry out the oxi-
dation and degradation process. The lower amount of DO 
in the water indicates that the amount of pollutants in the 
river water is higher [64].

3.2.2. pH

pH value helps in determining the acidity and the alka-
linity of the water in the river [65]. The water is claimed 
as acidic when the pH of the water is in the range of 1 to 
6 whereas, for the alkaline condition, the pH of the water 
is within 8–14. The neutral condition occurs when the pH 
of the water is 7. Geiger and Mesner [66] clarified that the 
water becomes acidic when the concentration of the hydro-
gen ions (H–) in the water is higher. Contrary to the alkaline 
condition, the water contains a high amount of hydroxyl 
ions (OH–) which increases the pH of the water. According 
to WHO and NDWQS, the permissible and safe limit for 
water to be consumed by humans is between 6.5 to 8.5. On 
the other hand, when rainfall occurs in the area, the pH of 
the water drops and becomes acidic. The possibility of this 
circumstance might be due to the leaching of acid and metals 
which concurrently enter the water [67].

The pH of the water is also being influenced by the sol-
ubility and availability of the plant nutrients, pesticides and 
herbicides performances and the decomposition of inorganic 
and organic matter [68]. Chemical, petrochemical, and min-
ing industries are the industrial activities that affect the pH 
of the water. These industries discharge their effluent into 
the river which contains multiple chemicals that deteriorate 
the quality of the water. Improper treatment of the effluents 
enables a high amount of effluents to enter the river and 
drop the pH of the water [69]. The pH of the soil also cor-
relates with the pH of the water. This is due to the capability 
of the soil in holding and supplying nutrients or the anion 
and cation exchange (ion exchange) in the water [68].

3.2.3. Temperature

The water temperature has the ability to control the rate 
of all chemical reactions and affect the growth of aquatic 

organisms [70]. Ma et al. [58] stated that temperature can 
influence the oxygen content in the water. When there is the 
discharge of wastewater at a high temperature into the river, 
certain reactions in the water body might speed up. Thus, 
the solubility of the oxygen declined whereas the odor in the 
river water amplified due to the occurrence of the anaero-
bic condition. Examples of industries that cause the occur-
rence of thermal pollution in river water are thermoelectric 
power plants and coal-fired power plants [71]. To generate 
electricity, these plants produce steam through the boiling 
processes. Then, these power plants are relying on cool river 
temperatures to maintain optimal thermal efficiency [72]. 
From these processes, the steam is converted into liquid and 
later electricity is generated. The development of solar pho-
tovoltaic power systems could also lead to an increment in 
the water temperature [73]. The conductive heating from the 
panels caused the temperature in the air space to increase. 
This is because only 13%–20% of the solar radiation is con-
verted into electricity whereas the remaining is converted 
into heat which causes a drastic increment in the panel 
temperature. Due to this condition, the temperature of the 
water increases as the temperature of the air space between 
the PV panels and the water surface increases [73].

3.2.4. Turbidity

Turbidity can be understood as the amount of particu-
late matter that is suspended in the water [69] which come 
from different sources such as clay, silt, finely divided 
organic and inorganic matter, soluble colored organic com-
pound, plankton, and algae [63]. As the value of the turbid-
ity increases, the penetration of the light into the river water 
decreases which causes sunlight to reach the aquatic plants 
to carry out photosynthesis [74]. There are also occurrences 
of temperature and dissolved oxygen stratification when 
the turbidity of the water increases [75]. The incident of soil 
runoff can affect the turbidity of the water. Due to the mis-
management of land use, there will be a high possibility of 
runoff and erosion to happen [63]. This is because, during 
construction, there is an increase in runoff rates which 
causes the erosion of the cliff and increases the turbidity of 
the water [76]. With a high amount of substances entering 
the river water, the river becomes shallower which bring 
negative effects on the benthic ecosystem and organism in 
the area around the river [63].

The industries that become the contributor to the turbid-
ity concentration in the river water higher are mining indus-
tries and agro-based industries. As for mining industries, 
there is the runoff of mine spoils and coal washing which 
affects the number of suspended contaminants in the river 
water [77]. These compounds contain hazardous elements 
such as heavy metals (Pb, Cu and Zn) which can easily pre-
cipitate or adsorbed onto the suspended materials or organic 
matter that eventually move to the bottom sediments via 
sedimentation. When there is a high amount of mine spoils 
and coal washing moves into the river water, the amount 
of sediment becomes higher, and the water becomes more 
turbid [77]. For agro-based industries, the topsoil is washed 
from the soil during the tillage and cultivation activities [78]. 
This condition becomes worse when rainfall is happening 
in which a high amount of the topsoil in the crops area is 
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carried by the water into the river [10]. Therefore, there is 
an increment in the water cloudiness and siltation taking 
place in the downstream area which causes disruption of 
the hydrological system in the river [78].

3.2.5. Salinity and conductivity

Salinity is understood as the salts which are soluble in 
water [79] while conductivity acts as the indicator to show 
the total salt content in the water bodies [58]. As the conduc-
tivity of the water is higher, the amount of salt in the river 
water is higher. Salts are consisted of positively and nega-
tively charged ions which dissociate when the salts are dis-
solved in the water. There are two types of salinity which 
are primary salinity and secondary salinity. Primary salin-
ity occurs due to natural phenomena such as weathering 
of the rocks, winds and rains that deposited salts for thou-
sands of years [79]. Secondary salinity happens due to the 
accumulation of excess salt from the primary sources which 
alters the natural hydrological patterns [80].

Extensive land clearance and inappropriate land use 
practices are the main factors that exacerbate the occurrence 
of secondary salinity [79]. Patil [70] stated that pH value, 
total hardness, total solid, total dissolved solids (TDS) and 
chemical oxygen demand (COD) are the factors that influ-
ence the EC in water bodies. The inorganic dissolved solids 
(calcium, chloride, aluminium cations, nitrate, sulfate, iron, 
magnesium, sodium) and organic compounds (oil, alcohol, 
phenol, sugar) and temperature are other factors that affect 
the EC of the water. According to [64], the temperature of the 
water becomes higher when the conductivity of the water 
increases. When the temperature of the water increases, 
the mobility of the ions in the water increases but the vis-
cosity decreases. Along with that, the number of ions also 
increases due to the dissociation of the molecules [81].

3.2.6. Nutrient analysis

3.2.6.1. Nitrogen and phosphorus

Nitrogen (N) and phosphorus (P) act as the dominant 
rate-limiting nutrients in most natural systems and are 
important components that help in determining the qual-
ity of the water [82]. Both nutrients create direct and indi-
rect impacts on plant growth, oxygen concentration, water 
clarity and sedimentation rate. As for plant growth, these 
nutrients are used as agrochemical fertilizers in agricul-
tural activities [82]. The most common issue related to N 
and P is the occurrence of eutrophication. This phenomenon 
occurs due to the overabundance of nutrients which triggers 
the growth of algae in the water bodies at a fast rate [83]. 
A toxic environment is created along with the presence of 
foul-smelling phytoplankton that deteriorates the water 
quality of the water bodies.

Various human activities created the occurrence of nitro-
gen pollution such as industrial, municipal, residential, and 
agricultural activities [84]. The combustion of fossil fuels 
causes the atmospheric deposition of nitrogen to the surface 
water while for industrial, municipal and residential, the 
sewage effluents discharged into the water contain a high 
number of nitrogenous compounds. Agricultural activities 
affect the concentration of nitrogen in the river water due 

to the usage of fertilizers, nitrogen-fixing crops, and soil 
erosion due to deforestation and grassland reclamation 
[84]. Ammoniacal nitrogen (NH3N) is a crucial parameter in 
determining the water quality of the river. Measuring the 
presence of NH3N in the river water implies the status of 
the nutrients in the river water [85]. The NH3N can be in 
two different forms which are molecular ammonia (NH3) 
or ammonium ions (NH4

+) depending on their solubility in 
the water [86]. NH3N is pH and temperature-dependent 
[87]. When the temperature and pH value of the water 
increase, the amount of NH3N also increases. The escalation 
of pH level causes the ionized ammonia to escalate which 
increases the toxicity in the water [86]. Due to the pres-
ence of surfeit ammonia in the water, the water becomes 
acidic as there is the release of hydrogen ions during the 
nitrification process [88]. The presence of nitrite ions helps 
in the formation of nitric acid which causes the pH of the 
water to lower and become acidic [88].

Nitrate is an odorless, colorless and tasteless compound 
that consists of nitrogen and oxygen [89]. In aerobic condi-
tions, nitrate can exist through the nitrification processes 
in which ammonia is converted into nitrite by the ammo-
nia-oxidizing bacteria. Next, the nitrite is transformed into 
nitrate by nitrite-oxidizing bacteria [90]. Nitrate is the main 
component of fertilizers that are used in agricultural activi-
ties as it is necessary for plant growth and plant uptake [88]. 
Nitrate acts as the source of nutrients for algae and other 
plants to form plant protein which later can be used by ani-
mals to form animal protein [58].

For the growth of plants, phosphorus is required during 
the photosynthesis process in which sunlight is converted 
into usable energy [91]. The anthropogenic activities that 
raise the amount of phosphorus in the river water are the 
usage of chemical fertilizer in agricultural activities, sewage 
discharge and landfill for domestic waste [92]. Additionally, 
the occurrence of soil runoff, erosion and leaching from agri-
cultural activities are also sources of phosphorus. According 
to [93], households and industries are the primary sources 
of phosphorus pollution including phosphorus-based 
detergents. For the natural process, phosphorus is present 
in the soil due to the weathering of residual minerals [91].

Orthophosphate (PO4
3–) ions are the common phosphate 

that is found in groundwater due to their thermodynamic 
stability compared to other P5+ ions that are commonly 
found in natural water [94]. Orthophosphate can be found 
naturally in rivers, streams and lakes that recharge aquifers. 
The aquifer substances come from the erosion of rocks, the 
recycling of animal waste and the tissue of plants and ani-
mals [95]. Agricultural activities are the human activities 
that contribute to the escalation of orthophosphate in the 
surface water. Through the usage of chemical phosphorus 
fertilizers, manure and composted materials, the concen-
tration of the orthophosphate in the water face increments 
which led to the occurrence of phosphorus pollution [94].

3.2.7. Heavy metals

Heavy metals are referred to as metallic elements that 
have a relatively high density and atomic weight compared 
to water [96]. These elements also include metalloids that 
can induce toxicity at low exposure levels [96]. This is due 
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to the presence of interconnection between heaviness and 
toxicity in heavy metals. Heavy metals are divided into two 
groups which are essential and non-essential heavy metals. 
Examples of essential heavy metals are manganese (Mn), 
iron (Fe), copper (Cu) and zinc (Zn) while the non-essen-
tial heavy metals, examples are cadmium (Cd), lead (Pb), 
and mercury (Hg) [97]. The natural processes that raise the 
number of heavy metals is the weathering process, volcanic 
eruption, metal corrosion, metal evaporation from the soil 
and water, soil erosion and sediment re-suspension [98]. 
Metals are released from the rocks through the weathering 
process which is known as a part of the natural biogeochem-
ical cycle [99]. These metals are cycled through a variety of 
environmental compartments by both biotic and abiotic pro-
cesses. Finally, these heavy metals eventually find their fate 
in the oceans as sediments [99].

Anthropogenic activities are the main sources of heavy 
metal pollution in water bodies. The primary industries are 
mining and smelting operations, foundries, metal-based 
industries, and the occurrence of the leachate of metals in 
different sources [100]. The source of the leachate is the 
landfills, waste dumps, excretion, livestock and chicken 
manure, runoffs, automobiles, and road works [100]. The 
smelting activities cause the release of arsenic, copper, and 
zinc while automobile exhaust releases lead into the envi-
ronment. Other examples are the release of arsenic from 
insecticides and the burning of fossil fuels that release nickel, 
vanadium, mercury, selenium, and tin [98]. Compared to 
natural processes, anthropogenic activities contribute more 
to heavy metal pollution due to urbanization and indus-
trial activities for economic development. Heavy metals can 
accumulate in the sediment in the river contaminating the 
river water. The organic matter in the sediment is capable 
of adsorbing and trapping heavy metals from the environ-
ment which later accumulate the heavy metals [101]. As the 
abundance of heavy metals is higher in the river water, the 
ecological health of the aquatic organisms is affected. This is 
due to the ability of heavy metals in contaminating the food 
chain [97]. Heavy metals are persistent in the environment 
and can cause bioaccumulation and biomagnification in 
food chains which later disrupt the ecosystem and affect the 
health of living organisms [97].

4. Conclusion

To sum up, the occurrence of water pollution has limited 
the source of freshwater for human beings. Climate change 
and natural disasters are the natural factors in the occur-
rence of water pollution whereas urbanization has become 
the main contributor to anthropogenic factors. The biologi-
cal, physical and chemical parameters need to be measured 
annually to ensure the water quality of freshwater is at an 
acceptable level according to WQI and INWQS. Through 
metagenomics analysis and bioinformatics, the microorgan-
isms present in freshwater can be identified and character-
ized. The visualization of bacterial abundance, rarefaction 
curve, core microbiome, clustering analysis and diversity 
analysis are helpful methods in analyzing the data through 
bioinformatics. Dissolved oxygen (DO), pH, temperature, 
turbidity, salinity and conductivity, nutrients (nitrogen and 
phosphorus), and heavy metals are the physicochemical 

parameters which can be used to measure the quality of the 
water. From the value of physicochemical parameters, the 
water quality of the freshwater can be classified according 
to DOE-WQI. All the parameters need to be in an appropri-
ate value which enables it to be consumed by the human 
being. A thorough and detailed study needs to be done to 
correlate the sources of water pollution and the water quality 
of freshwater. Therefore, proper treatment can be carried out 
to improve the water quality of the freshwater and prevent 
the occurrence of water pollution.
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