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Abstract

Hydrochemistry variation in water quality of Cempaka Lake was successfully evaluated. Data sets were tested
subject to multivariate statistical analysis. Seven sampling points were selected and monitoring work was
conducted monthly (May 2013-May 2014). The physicochemical parameters, namely temperature, pH,
conductivity, dissolved oxygen, suspended solid, ammonia nitrogen, chemical oxygen demand, biochemical
oxygen demand and phosphate were measured. Based on cluster analysis, seven stations were grouped into two
clusters at (Dyin/Dmax) X 100 < 30. Four principle components explained about 87.90 % of the total variance in the
water data sets from eigenvalue > 1. Classification matrices were assigned correctly of 85.70 % and 92.90 % for
spatial and temporal variations respectively. Variables namely dissolved oxygen, biochemical oxygen demand,
chemical oxygen demand, ammoniacal nitrogen and phosphate were recognized to have significant influence on
the deterioration of water quality in Cempaka Lake.
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1. Introduction

Lake is one of the aquatic ecosystems that exist naturally or is man-made, which is also essential for living
organisms. It may serve as a recreational park, hydro energy or irrigation supply, food source and other daily
water use of anthropogenic activities. Besides river and marine ecosystem, pollution of water in lake is becoming
a rising environmental concern. Pollution of lake water is associated to excessive nutrient content, toxic metals,
pesticide residue and other trace pollutants. Agricultural, industrial and urban activities are considered to be major
sources of the emergence of toxic chemicals and nutrients to lake ecosystems [1]. Homogeneity or inhomogeneity
of pollutant contributed in the water chemistry of lake varies depending on local characteristics. For shallow lake,
it is characterized by a high degree of heterogeneity in spatial and temporal changes [2].

In fact, interpretation of complex data from monitoring works is difficult and complicated thus requires proper
tools to extract crucial fact with minimal loss of original information [3, 4]. Multivariate statistical analysis offers
a useful tool to evaluate the variation of water quality. It is also well-documented to evaluate ecological status,
pattern recognition of species, and valuable tool for reliable management of water resources as well as rapid
solutions on pollution problems [5 — 8]. Previous studies have demonstrated that multivariate statistical analysis
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was widely used in the evaluation of water quality in lakes, such as Baiyangdian Lake and Dianchi Lake, China
[9, 10], Hyderabad Lake, India [11], Naivasha Lake, Kenya [12], Manchar Lake, Pakistan [13], Uluabat Lake and
Seyfe Lake, Turkey [1, 14] as well as Chini Lake, Curtin Lake and HarapanLake in Malaysia [15 — 17].

Cempaka Lake (or called Tasik Cempaka) is situated in the state of Selangor, west coast of Peninsular Malaysia.
The origin of this lake is part of a tributary of Sungai Ayer Itam, Bangi, which was extended to be a man-made
lake since 1999. It serves as a public park for the residents of Bandar Baru Bangi for recreational activities. This
lake has received a variety of pollution sources mainly from changes in land use, municipal discharge, household
activities and small scale agricultural activity in the upper region of Ayer Itam River. According to Elzwayie et al.
[18], sewage from domestic discharge become main non-point source of pollution in this area. Meanwhile a
recent study by Gasim et al. [19] conclude that deterioration of Cempaka Lake’s water due to urban activities and
nutrition content was increased in last decade. The water quality was dropped to class Il dan Il based on national
water quality guidelines. Previous study led by Taweel et al. revealed that food source (tilapia fish) collected from
this lake has risk contamination toward copper, lead and arsenic metals [20].

In the present study, water quality data sets obtained during 13 months of monitoring program were interpreted
subject to different multivariate statistical analyses. Latent information was extracted relevant to address site
similarities, identify pollution source and discriminate variables responsible for spatial and temporal variations.
This study was important in order to provide good lake management practice for local authority and promoting
good sustainability concept for Bangi residential area. To fulfill this aspect, identify major contribution of
pollution must priory identified. Variation based on temporal change (wet and dry) also discussed in this study.

2.Experimental

2.1.Sample collection and laboratory analysis

Seven sampling stations were chosen based on possible different anthropogenic sources. Water samples were
taken monthly starting in May 2013 until May 2014. Sampling location and coordinates were determined by the
Global Positioning System (GPS) as presented in Table 1 and Figure 1 respectively. Water samples were
collected on surface level (< 0.5 meter) and stored in 1liter high density polyethylene and glass bottles. Samples
were then placed in a cold box filled up with ice packs before being transferred to laboratory for further analysis.
Parameters, namely pH, temperature, conductivity and dissolved oxygen were measured in-situ using YSI 550
multiprobe sensor. Chemical parameters, namely ammoniacal nitrogen, biochemical oxygen demand, chemical
oxygen demand, suspended solids and phosphate were measured. Standard methods were used in this chemical
study analysis, which include ammoniacal nitrogen (salicylate method), biochemical oxygen demand (incubation
method as BODs), chemical oxygen demand (reactor digestion and colorimetric determination), suspended solids
(gravimetric method) and phosphate (ascorbic acid method). Colorimetric determination of ammoniacal nitrogen,
chemical oxygen demand, phosphate was completed using HACH DR 2400.

Table 1: The coordinate of sampling stations

Station Latitude Longitude
S1 2057427’ N 100°44.289 E
S2 2°57.401’ N 101°44.926 E
S3 2°57.448° N 101°45.477 E
S4 2°57.530° N 101°45.520 E
S5 2°57.516° N 101°45.582 E
S6 2°57.528 N 101°44.584 E
S7 2°57.635° N 101°45.591 E

2.2. Statistical analysis

All data interpretation and analysis were conducted using statistical software Minitab Version 17 (Minitab Inc.,
State College, USA). Water quality data sets were tested subject to different multivariate statistical analyses
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namely cluster analysis (CA), principle component analysis with factor analysis (PCA/FA) and discriminant
analysis (DA). Agglomerative hierarchical cluster analysis using Ward method with squared Euclidean distance
was applied to distinguish between clusters (site similarities). ldentifying the source of pollution was recognized
using principle component analysis through Eigen decomposition method. Factor analysis (Varimax method with
Kaiser normalization) was used to explicate the latent variables rendered in the data sets. The factor loadings were
marked as strong (VF > 0.75), moderate (0.75 < VF > 0.5) and weak (< 0.50) corresponding to absolute
varifactors values [21, 22]. Discriminant analysis (standard algorithms mode) was used to construct best
discriminant functions within temporal and spatial variation during the period of study.

Peninsular Malaysia

@
7 @
anl } i (5)
/] .
the map of Selangor the map of Tasik Cempaka

Figure 1: The map location of sampling stations

3. Results and discussion

3.1. Water chemistry

The basic description of range and mean concentration of each parameter is presented in Table 2. The mean value
of pH was measured slightly acidic (6.88) but is considered normal for tropical freshwater, which is usually
reported to be in the range of 6.5 — 8 [23]. Mean concentrations of chemical oxygen demand and suspended solid
were measured to be varied widely in the range of 24.07 — 30.30 mgL™ and 25.76 — 45.16 mgL™ respectively.
Nutrient content (phosphate) was recorded at low level concentration with a mean value of 0.48 mgL™. The
kurtosis and skewness values ranged from — 0.87 to 1.57 and —1.93 to 2.40 respectively, indicating that all the
data were in a normal distribution. The mean value of ammoniacal nitrogen was categorized in class 1V, dissolved
oxygen and chemical oxygen demand in class 11, suspended solids and biochemical oxygen demand in class II.
Other parameters are remaining in class I [24]. Class 1l and IV was considered polluted which require treatment
process.
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Table 2: The mean and range concentrations of nine physico-chemical parameters

Variables Unit Range Mean (SD) Skewness Kurtosis
pH 6.79-7.01 6.88(0.07) 0.06 -1.75
Dissolved oxygen mgL™ 258 -3.82 3.05(0.40) 1.08 1.61
Conductivity puscm™  20.82 —22.57 21.71 (0.59) 0.11 -0.25
Temperature °C 24.87 - 26.31 25.71 (0.56) -0.76 -1.21
Biochemical Oxygen Demand mgL™ 3.41-356 3.49(0.05) -0.18 -1.61
Chemical Oxygen Demand mgL™ 24.07-30.30 26.02 (2.15) 1.57 2.45
Suspended Solids mgL™" 25.76 —45.16 34.93 (5.06) -0.87 0.67
Ammoniacal Nitrogen mgL™ 2.71-3.68 3.07 (0.35) 0.95 -0.07
Phosphate mgL™ 0.30-0.68 0.48 (0.14) 0.28 -1.93

3.2. Site similarities

All sampling stations were grouped into two clusters, namely cluster | and cluster 1l at (D)jn/Dmax) X 100 < 30.
The dendrogram of cluster analysis as rendered by the Ward’s method is depicted in Figure 2. Cluster I represents
three stations (S1, S2, S3) while cluster Il comprises of four stations (S4, S5, S6, S7). The similarity among
stations in cluster | corresponds to the upper region of lake, which is located at Ayer Hitam River. For cluster II,
site similarities were largely influenced by pollution background occurring in the lake’s water. Higher
concentrations of chemical oxygen demand, suspended solids and phosphate were found in cluster I while cluster
Il was dominated by high concentration of biochemical oxygen demand, ammoniacal nitrogen and low
measurement of dissolved oxygen. Ammoniacal nitrogen was known as main source of pollution came from
sewage discharge. High residential area in vicinity area and local village at upsteam water flow was expected as
root cause of this problem. High ammoniacal nitrogen content will lowering availability of dissolved oxygen
since bacteria was consumed more for degradation process.
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Figure 2: Dendrogram of clustering the site similarities

3.3. Source identification

Principle components show pronounced change in the scree plot after 4 eigenvalues (3.42, 1.97, 1.37 and 1.13).
Four principle components rendered explained about 87.90 % of the total variance in the water quality data sets as
presented in Table 3. The first component had strong loading on dissolved oxygen, biochemical oxygen demand
and phosphate with 26.90 % of the total variance data sets. Thus, VF1 is represented by nutrient pollution.
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Domestic wastewater, particularly those containing detergents, industrial effluents and fertilizer runoff were
linked to elevated levels of phosphates in surface waters [1]. In this case, higher concentration was measured at
S1(0.51 — 0.68 mgL™), which affirms that the occurrence of nutrient content is associated to agricultural activity
occurred at upstream area. The second component was associated to strong negative loading on conductivity,
suspended solids and pH value with 24.30 % of the total variance data sets. The VF2 could be interpreted as
erosion pollution. Dredging activities was observed during period of study. Higher concentration of suspended
solids was recorded at Sl (33.63 — 45.16 mgL™) and S2 (39.50 — 42.65 mgL™), which indirectly enhance the
number of ionic species that enter the lake. The third component accountedfor 20.80 % of the total variance data
sets with strong loading on chemical oxygen demand and ammoniacal nitrogen. Thus, VF3 points to the source of
organic and inorganic matter from anthropogenic input. The fourthcomponent had negative loading on
temperature measurement with 15.90 % of the total variance data sets. This varifactor, VF4, could be interpreted
as physical chemistry of the lake. Although the measurement of watertemperature observed in this study seems to
be varied, it was believed to be due to time of sampling rather than seasonal effect.

Table 3: The varifactors of varimax rotated loading results

Variable Communality VF1 VF2 VF3 VF4

pH 0.885 0.137 -0.804 -0.001 -0.468
Dissolved Oxygen 0.777 0.842 0.054 0.058 -0.251
Conductivity 0.852 -0.041 -0.880 0.241 0.131
Temperature 0.937 0.0712 0.083 -0.072 -0.959
Biochemical Oxygen Demand 0.932 0.949 -0.107 -0.047 0.133
Chemical Oxygen Demand 0.926 -0.026 -0.060 0.950 0.136
Suspended Solids 0.837 0.178 -0.771 0.173 0.426
Ammoniacal Nitrogen 0.877 0.311 -0.319 0.822 -0.048
Phosphate 0.893 0.813 -0.199 0.437 -0.004
Variance 2690 2430 20.80 15.90
Cumulative Variance 26.90 51.20 72.00 87.90

Bold value indicate strong loading

3.4. Temporal and spatial variation

The final result of discriminant analysis showed that the classification matrix of spatial variation was assigned
correctness with 85.70 % using only 8 discriminant variables. The classification matrix and discriminant
functions for spatial variation obtained from standard mode are depicted in Tables 4 and 5 respectively. In this
study, variables, namely pH, dissolved oxygen, temperature, biochemical oxygen demand, chemical oxygen
demand, suspended solids and phosphate were recognized as latent factors to distinguish pollution occurring
between clusters. Cluster | was remarkably affected by the elevated concentration of chemical oxygen demand,
suspended solids and phosphate. The upstream sites (station S1 —S3) show that the degradation of water quality is
higher in comparison to sites located downstream (S4-S7). The water quality index was calculated and the status
of each station was stated as the following: S1 (58), S2(59), S3(59), S4(63), S5 (60), S6 (61) and S7 (61).
Deterioration of water quality in Cluster Il was dominated by higher presence of ammoniacal nitrogen and higher
consumption of oxygen in biological microorganism activity (biochemical oxygen demand). During this study,
higher level of ammoniacal nitrogen was recorded at station S7 (3.20 — 3.42 mgL™), close to drainage channel
flow from local settlements.
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Table 4: Classification matrix of discriminant analysis for spatial variation

Spatial Correct (%) Region Assign by Discriminant Analysis
Cluster | Cluster 11

Cluster | 66.70 26 0

Cluster Il 100 13 52

Total 85.70 39 52

Table 5: Discriminant functions of latent variables for spatial variation

Variable Cluster I Cluster 11
pH 29.52 27.09
Dissolved Oxygen -2.51 -3.20
Temperature 0.57 1.09
Biochemical Oxygen Demand 43.38 45.58
Chemical Oxygen Demand 1.77 1.76
Suspended Solids -0.17 -0.18
Ammoniacal Nitrogen -4.62 -4.90
Phosphate -19.23 -20.67
Constant -189.03 -188.90

Sabri et al.

In this study, the period of observation was grouped into two periods (May 2013 — December 2013) and (January
2014—May 2014) as period | (wet) and Il (dry), respectively. The classification matrix and discriminant functions
for temporal variation obtained from standard mode are depicted in Tables 6 and 7 respectively. The classification
matrix of discriminant analysis was assigned correctness with 92.90 % using 5 variables. Temporal variation in
water quality of Cempaka Lake was influenced by the concentration of dissolved oxygen, biochemical oxygen

demand, chemical oxygen demand, ammoniacal nitrogen and phosphate.

Table 6: Classification matrix of discriminant analysis for temporal variation

Temporal Correct (%) Period Assign by Discriminant Analysis
Period I Period 11

Period | 100 49 7

Period 11 85.70 0 42

Total 92.90 49 49

Table 7: Discriminant functions of latent variables for temporal variation

Variable Period | Period 11
Dissolved Oxygen -9.81 -9.48
Biochemical Oxygen Demand  202.50 198.46
Chemical Oxygen Demand 6.75 6.59
Ammoniacal Nitrogen -14.90 -14.25
Phosphate -113.10  -110.55
Constant -375.90  -361.80
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Figure 3: Box and whisker plots showing temporal variation of a) dissolved oxygen, b) biochemical
oxygen demand, c) chemical oxygen demand, d) ammoniacal nitrogen and €) phosphate

Box and whisker plots of selected variables showing temporal variations are illustrated in Figure 3. The mean
concentrations of all variables except pH and chemical oxygen demand were observed lower during period |
(wet). Dilution effect during wet period plays a significant role in reducing the concentration of some variables
like ammoniacal nitrogen, suspended solid and phosphate, which are good for the restoration of water quality. In
case of chemical oxygen demand, soil erosion problem which bring in organic matter as particulate form will
flow entering the lake, thus generated the increment of pollutant concentration.
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Conclusions

The present study successfully provides latent information about site similarities, pollution source background,
spatial and temporal variations in the water quality of Cempaka Lake. Spatial heterogeneity was explained
through cluster analysis, represented by cluster | and Il. Four sources responsible for variation in water quality,
namely nutrient (phosphate), erosion or runoff (suspended solid), organic and inorganic loads (chemical oxygen
demand and ammoniacal nitrogen) and atmospheric influence (temperature) were identified through principle
component and factor analysis. Five variables were weighed in discriminating of spatial and temporal variations.
To mitigate this issue from continuing to worsen, the concept of integrated water resource and lake management
should be implemented in this area.
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