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Abstract

The pH of the water of the studied stations was slightly acidic to neutral, while EC was included within
recommended standard. The contamination intensity, pollution level, classification of water indicated that the
wastewater having higher contamination level, especialy, BOD, COD, NHs-N, POy, Pb, Cd, Cr, Cu, Co, Ni
and Hg concentration were high in all samples with lower DO value. The high COD content indicated that
the wastewater of Gebeng area contains higher wastes. However, the results were differed on the basis of
seasons and types of industries. It was also found that Pb and Hg concentrations were higher in wet season in
comparison to dry, while Cd, Co, Cr, Cu, Zn, Ni, Ba and As concentrations were higher in dry season in
comparison to wet. All sampling sites were categorized as highly polluted.

Introduction

The population of the world has been increasing rapidly and to cope up with this a huge
amount of food, energy and employments are required. Industrialization is the easiest way to meet
up those demands. Nevertheless, the disposal of industrial wastewater is a great problem
throughout the world. It may contain heavy metals as well as other pollutants (Abramov et al.
2014). The dumping of wastewater from the industry could destroy the sustainable industrial
approach (Changhao and Zhans 2013).

Gebeng is a rapidly growing industrial area in Malaysia that has been reported the biggest
sources of water pollution dueto food and beverage, chemical, textiles, paper, pam oail
and rubber processing industries. Such rapid development of industries however has increased the
pollution level in surrounding water sheds. Because, most of the wastewater released from the
industries contains contaminants and dumped into the surface water (Sujaul et al. 2013). The
wastewater of Gebeng industrial estate contains pollutants, viz. higher BOD, COD, TSS and heavy
metals (Syukor et al. 2013). Considering the above mentioned problems the present work was
undertaken to detect the pollution level and the condition of the water of the study area.

Materials and Methods

Sampling sites were selected from Gebeng industrial estate considering industrial types,
topography and discharge points of wastewater (Table 1). Water samples were collected in both
dry (July - September 2013) and wet (November - January 2013 - 2014) seasons from 6 sampling
sitesviz. S1 - S 6. Water samples were collected at 10 cm depth from the surface using 500 ml
HDPE (High Density Polyethylene) bottles those were kept into icebox immediately after
sampling and were preserved at < 4°C until analysis. Temperature, DO, EC, pH, turbidity, BOD,
TSS and TDS were determined in situ by using YSI 6600 (YSI Incorporate, USA) metre.
Ammoniacal-nitrogen, nitrate, sulfate, phosphate and COD were determined by HACH kit
(HACH DR 2500, USA), while heavy metals were determined by ICPMS (Inductively coupled
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plasma mass spectrometry) (APHA 2013). Furthermore, TSS was analyzed gravimetrically after
filtration with an adequate sampl e through a glass fiber filter and drying at 105°C.

Table 1. Description of the sampling sites.

Sites Location Descriptions

S1  03°59'37'N 103°24'46"E ~ Hope Mining (Coal Mining), Yanox (M), Sdn. Bhd. (Wood
Processing), Southern Steel Mesh. Sdn. Bhd.

S2  03°59'16"N 103°23'18"E  Opposite of East chemicals & Eco tower (Lynax) Sdn. Bhd. Gebeng
Industrial area.

S3  03°59'1"N 103°22'40"E ~ Opposite of Kaneka and adjacent to Flexyd, Gebeng Industrial area

S4  03°58'34"'N 103°23'17"E Near MTBE, BP chemicals

S5  03°5833"N 103°2324"E  Near Asturi Metal Builders, Mieco Chips board Berhad, KNM
process Systems Sdn. Bhd. Borsig, Boiler System.

S6  03°57'40"N 103°23'15"E  Cargil palm production, Chicken food, KNM process Systems Sdn.
Bhd. Gas Maaysia Berhard

Contamination intensity was calculated to compare with the standard values of different
parameters recommended by WHO (1984) and DOE, Malaysia (2000). The following equation
was used to calculate contamination intensity (Cl) (Rao 2012).

Cl = C standard / C analysed, where, C = concentration.

Water quality is an indicator, where water quality parameters are compared with the
respective standard value. In the study, water quality index was calculated on the basis of the
concentrations of DO, BOD, COD, ammonical nitrogen, TSS and pH (Haque et al. 2010).

WQI =0.22 x SIDO + 0.19 x SIBOD + 0.16 x SICOD + 0.15 x SIAN + 0.16 x SITSS + 0.12
x SlpH
where, Sl indicates the sub-index function of the each given parameter and the coefficient as well
as the weighting factors derived from the opinion poll.

Results and Discussion

The physical and chemical parameters are illustrated in Tables 2-5. The highest temperature
(36.38°C) was recorded at S5 in dry season owing to discharge of hot water and effluents from
adjacent industries. The pH values were mostly dightly acidic to neutral. The EC values were
found to range from 0.48 - 2.43 mS/cm in dry and 0.35 - 2.02 mS/cm in wet seasons, while DO
varied from 1.06 - 2.56 mg/l in dry and 1.15 - 3.27 mg/l in wet seasons (Tables 2 and 3). Yisaand
Jimoh (2010) gave the similar opinion in their studies on water quality of river Landzu, Nigeria.

The turbidity of water varied from 9.48 - 59.94 NTU and 12.52 - 66.81 NTU in dry and wet
seasons (Tables 2 and 3). The salinity ranged from 0.14 - 0.91% and 0.11 - 0.86% in dry and wet
seasons, respectively, while TDS varied from 50.48 - 173.31 mg/l (Tables 2 and 3) and TSS was
between 26.08 and 190.56 mg/l in dry and between 32.01 and 215.67 mg/l in wet seasons. Water
having high TSS is not pleasant to drink as well as it is harmful to hedth (Vinod and Chopra
2012).

The BOD of the water sample was found to vary from 41.28 - 106.73 mg/l and 41.68 - 97.03
mg/l in dry and wet seasons, respectively (Tables 2 and 3). It was found that comparatively higher
BOD was observed in dry season than in wet season due to higher temperature and lower
precipitation. The COD value varied from 63.60 - 117.60 mg/l in dry and 46.07 - 102.43 mg/l in
wet seasons. The high COD content indicated that the water contains higher wastes (Varunprasath
and Daniel 2010).
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The mean NH;-N value ranged from 0.95 - 1.24 mg/l and 1.11 - 1.73 mg/l in dry and wet
seasons, respectively, while NO5™ content varied from 0.33 - 0.51 mg/l and 0.29 - 0.48 mg/l in dry
and wet seasons, respectively (Tables 2 and 3). Das and Acharya (2003) conducted a research on
lotic water quality, Cuttack, India and detected higher nitrate content for industrial activities.
Sulfate varied from 34.56 - 52.13 mg/l and 25.17 - 46.67 mg/l in dry and wet seasons,
respectively. Hem (2002) stated that sulfate is incorporated due to waste discharges, fossil fuel and
combustion processes. Phosphate was 0.42 - 1.06 mg/l in dry and 0.33 - 0.97 mg/l in wet seasons.
The higher amount of PO,> was due to wastes from detergent and other industries (Goltman
1975).

Arsenic (As) of all siteswas found to range from 0.023 - 0.051 mg/l and 0.026 - 0.047 mg/l in
dry and wet seasons, respectively, while barium (Ba) ranged between 0.033 and 0.057 mg/l and
0.027 and 0.038 mg/l in dry and wet seasons, respectively and cadmium (Cd) ranged from 0.037 -
0.098 mg/l in dry and 0.036 - 0.073 mg/l in wet seasons (Table 4 and 5). Due to dry condition and
the lesser precipitation, industrial activities and especialy the availability of the inflow of effluents
caused the contamination of heavy metals like Cd, Cr, Pb, Zn, Ni and Cu (Wogu and Okaka
2011). Cobalt (Co) ranged from 0.034 - 0.098 mg/l and 0.035 - 0.083 mg/l in dry and wet seasons,
respectively (Tables 4 and 5). Chromium (Cr) varied from 0.057 - 0.071 mg/l and 0.046 - 0.056
mg/l in dry and wet seasons, respectively. Cupper (Cu) concentration ranged from 0.064 - 0.093
mg/l and 0.045 - 0.065 mg/l in dry and wet seasons, respectively (Table 4 and 5). Mercury (Hg)
ranged from 0.037 - 0.075 mg/l and 0.046 - 0.081 mg/l in dry and wet seasons, and zinc (Zn) was
found to vary from 0.051 - 0.081 mg/l in dry and 0.030 - 0.072 mg/l in wet seasons (Tables 4 and
5). Ram et al. (2003) detected high Hg levels due to dumping of effluents from different
industries. Nickel (Ni) varied from 0.025 - 0.057 mg/l and 0.020 - 0.056 mg/l in dry and wet
seasons, respectively, while lead (Pb) varied from 0.044 - 0.072 mg/l and 0.051 - 0.081mg/l in dry
and wet seasons, respectively (Tables 4 and 5). Hague et al. (2009) recorded extremely higher Cr
and Pb in surface and groundwater of the industrial areas of Karachi, Pakistan.

Table 6. Water quality parameters for WQI at different sampling sites in dry season.

Sites DO BOD COD Ammonical TSS pH waQl
(%) (mg/l) (mg/l) nitrogen (mg/l) (mg/l)
S1 13.84 106.73 117.60 101 157.4 6.85 37.75
S2 28.69 82.58 79.21 124 190.56 6.25 40.51
S3 23.92 55.18 63.60 1.06 26.08 7.42 49.72
S4 18.74 71.18 117.72 116 50.61 6.51 43.70
S5 34.28 71.62 88.21 112 55.67 7.08 48.61
S6 27.39 41.28 66.59 0.96 40.76 6.78 51.10

WQI = Water quality index, Class| =>91.76; Class |l = 75.36 - 91.75; Class |1l =51.68 - 75.35; Class |V =
29.61 - 51.67; Class V = <29.60.

The Cl was comparatively higher in dry than in wet season (Tables 2 to 5). It was found that
temperature, turbidity, BOD, COD, TSS, DO, ammonical nitrogen and phosphate showed >1.0,
while, TDS, sulfate, nitrate, TN and TP were found <1.0 and pH was >6.0 in both seasons. The Cl
value of EC showed >1.0 at S4, S5 and S 6, and salinity was>1.0 at S5 and S 6, while it was
<1.0 for rest of the sites for both EC and salinity during two seasons. In addition, ClI of Ni at S5
was >1.0 and rest were <1.0 in both seasons, while As, Ba, Co and Zn were found <1.0 in both
seasons. The result revealed that Hg and Cd were very high. It was exhibited that Hg ranged from
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37.10 to 81.40, while, Cd varied from 3.57 to 9.77. Water samples of all sitesin both seasons were
categorized into Class IV (highly polluted) (Tables 6 and 7).

Table 7. Water quality parameters for WQI at different sampling sites in wet season.

Sites DO BOD COD Ammonical TSS pH wal
(%) (mg/l) (mg/l) nitrogen (mg/l) (mg/l)
S1 15.10 97.03 76.07 111 174.74 6.85 38.54
S2 4351 73.45 52.17 141 215.67 6.59 4552
S3 27.91 41.68 46.07 1.19 32.01 7.97 51.21
S4 24.34 68.50 102.43 1.73 67.33 6.67 42.95
S5 38.83 76.29 78.24 122 67.08 7.28 49.06
S6 35.84 66.37 55.50 114 41.62 7.19 51.17

WQI = Water quality index, Class| =>91.76; Class Il = 75.36 - 91.75; Class |1l = 51.68 - 75.35; Class |V =
29.61 - 51.67; ClassV = < 29.60.

The ClI, pollution level, classification of water indicated that the studied water having higher
contaminant level especially, BOD, COD, NHs-N, phosphate, Pb, Cd, Cr, Cu and Hg and lower
DO. It also revealed that emphasis should be given on proper treatment of industrial effluents and
wastes to reduce the pollution status.
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