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Abstract: The main objectives of this study were to develop a Water Quality Index (WQI) model based on the 
physicochemical parameters in Daecheong reservoirs by using datasets of 1995-2016. The parameters included total 
phosphorus (TP), total nitrogen (TN), biological oxygen demand (BOD), chemical oxygen demand (COD), total 
suspended solids (TSS), chlorophyll (CHL), electrical conductivity (EC), dissolved oxygen (DO) and hydrogen ion 
concentrations (pH). The results had showed that physicochemical parameters varied spatially and temporarily as 
well as were correlated. TP was the most important key regulating factor for chlorophyll growth in the reservoirs. 
Seasonal summer TP influenced the autumn algal growth. The concentrations of total phosphorus (TP) was highest 
during the summer season (36±2 µgL-1) while it was lowest in the winter season (15±1 µgL-1). Summer monsoon 
directly influences the concentrations of total phosphorus in the reservoirs. Overall, the calculated WQI value 
suggested that site 1 (129.44) was in poor condition whereas sites 2 (116.06), 3 (103.51), 4 (89.3), 5 (82.007) 
and 6 (90.22) were in fair condition.

Key words: Chlorophyll, Daecheong reservoirs, nutrients, Water Quality Index (WQI) model.
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Introduction

Recently, surface water pollution is one of the hot 
issues and has emerged as a global hazard to the aquatic 
ecosystem and therefore becomes a serious challenge 
for scientists, limnologists, ecologists, and water quality 
managers. Due to uncontrolled population growth and 
industrialization, the freshwater quality has been at stake 
in developed and developing nations (UN Water, 2010, 
2016; Alam and Pathak, 2010; Kar, 2013). The demand 
for water and pollution has been increasing day by day 
and it has been considered as the most serious threat all 
over the world (Global Risks, 2015).

The healthiness of the freshwater ecosystem is 
diagnosed by physical, chemical and biological water 

quality parameters (Venkatesharaju et al., 2010). It is the 
degree of water condition with respect to human needs 
or purposes (Abbasi and Abbasi, 2012). There have 
been many methods suggested and applied to evaluate 
the quality of surface water. Among them, the water 
quality index (WQI) is a very comprehensive and easy 
method that gives the facts of water to a single value 
in a reproducible manner which was first proposed by 
Horton in 1965 (Abbasi and Abbasi, 2012; APHA, 2005; 
Simoes et al., 2008). Later on, numerous researches 
had been carried out for water quality assessment of 
various waterbodies using WQIs all over the world 
(Abdul et al., 2010; Akbal et al., 2011; Hector et al., 
2012; Abdulwahid, 2013; Chrysoula et al., 2014; Will 
et al., 2015; Hefni and Romanto, 2015; Lobato et al., 
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2015; Ewaid and Abed, 2017; Kangabam et al., 2017). 
Likewise, a similar number of studies had been done 
in South Korea to assess the lake and reservoirs water 
quality (Lee et al., 2014).

South Korea is a highly industrialized and urbanized 
country. Surface water is being used for household 
activities, irrigation, raising livestock, aquaculture as 
well as a drinking source. Daecheong reservoir has 
greater importance and is one of the primary sources of 
drinking water of two megacities in South Korea like 
Daejeon and Cheonju (An and Park, 2003). Generally, 
the water quality status of the reservoirs is not only 
dependent on external and internal contaminant loads 
but also on weather (precipitation, temperature, and 
radiation) and hydrological (runoff volume and velocity) 
conditions (Hua and Zhang, 2017).

Nutrient enrichment or eutrophication in reservoirs 
is a common problem in many countries including 
South Korea, resulting in water quality deterioration 
(Lee et al., 2014; Mamun and An, 2017). Phosphorus is 
the key regulating factor for algal growth and is often 
considered as an important indicator of eutrophication 
(Vollenweider, 1968; An and Park, 2003). In South 

Korea, water quality of reservoirs are assessed by total 
phosphorus (TP), total nitrogen (TN), biological oxygen 
demand (BOD), chemical oxygen demand (COD), total 
suspended solids (TSS), chlorophyll (CHL), electrical 
conductivity (EC), dissolved oxygen (DO) and hydrogen 
ion concentration (pH).

The aim of this research was how the concentrations 
of total phosphorus and total chlorophyll varied spatially 
and temporarily in the Daecheong reservoirs and how 
are the physicochemical water quality parameters 
correlated with each other and finally to develop a water 
quality index (WQI) for Daecheong reservoirs.

Materials and Methods

Description of the Study Area
The Daechong reservoir (Latitude 36°28′39″ and 
Longitude 127°28′51″) is the third-largest reservoirs in 
South Korea and showed monomictic type characteristics 
which lied in the middle reaches of Geum river (Figure 
1; Chung et al., 2014; Wetzel, 2001). Daecheong 
reservoir has been used for multi-purposes including 
irrigation, hydropower electricity, flood control, and 

Figure 1: The map showing sampling sites of Daecheong reservoirs.
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drinking sources. It is the major source of drinking 
water of two megacities (Daecheon and Cheonju) and 
supplies about 1.0 × 106 m3 per day of drinking water 
to two million people in these two cities (Chung et al., 
2014). It is an artificial type lake, long and dendritic 
in shape. The surface area of the reservoir is 72.8 km2 
and the maximum depth and width are 55 m and 1 
km, respectively and the total capacity of the reservoir 
is 1490 × 106 m3. The intake tower of drinking water 
was located on-site 4 and 6 for Daejeon and Cheonju 
city, accordingly. The dam site was located on-site 5.

Analysis of Water Quality Parameters
The physicochemical water quality parameters were 
collected from the Korean Ministry of Environment 
(MOE, Korea) from 1995-2016 on monthly basis. The 
total phosphorus was assessed by the ascorbic acid 
treatment which had been standardized by Ministry 
of Environment, Korea (Korea; MOE, 2006). Total 
nitrogen (TN), biological oxygen demand (BOD), 
and chemical oxygen demand (COD) were measured 
using the chemical testing method standardized by 
the Ministry of the Environment (Korea; MOE 2006). 
Electrical conductivity (EC), dissolved oxygen (DO) 
and pH were determined by a portable multiparameter 
analyzer (YSI Sonde Model 6600). Total suspended 
solids (TSS) were measured through preweighed 
Whatman method. The concentration of chlorophyll 
(CHL) was determined using a spectrophotometer 
(Bechman Model DU-65) after extraction of hot ethanol 
(Marker et al., 1980).

Calculation of the Water Quality Index (WQI) 
The Water Quality Index (WQI) for the Daecheong 
reservoir was calculated from physicochemical 
parameters where nine parameters were selected based 
on their importance in water quality, namely, TP, TN, 
BOD, COD, TSS, CHL, EC, DO and pH. The values 
used for each water quality parameter are the mean 
value of the sites during the study period. The standard 
value of water quality parameters for drinking purposes 
was used in this study which were recommended by 
World Health Organization (WHO, 2011), Ministry of 
Land, Transport, and Maritime Affairs, Korea (MLTM, 
Korea 2012), European Economic Commission, 
Romania (ECE, Romania, 2006).

The following equations were used for the calculation 
of the Water Quality Index (WQI) of Daecheong 
reservoirs (Horton, 1965; Brown et al., 1970).

	 Rw =	Aw/∑Aw	 (1)

where Rw = Relative weight and Aw = Assigned 
weight. The physicochemical water quality parameter 
was assigned a weight from 1 (lowest effects on water 
quality) to 5 (highest effects on water quality) according 
to their effects on water quality (Varol and Debraz, 
2015; Yidana and Yidana, 2010).

	 Qi =	
Mv
Sv

¥100 	 (2)

where Qi = Sub-index of the water quality parameters, 
Mv = Monitored value of the water quality parameters, 
Sv = Standard value of the water quality parameters.
The sub-index of the pH and DO was calculated by the 
following equations.

	 Qi pH, DO =	
Mv Iv
Sv Iv

-
-

¥100 	 (3)

where the Ideal value (Iv) for pH and DO is 7 and 14.6, 
respectively (Tripaty and Sahu, 2005).

So, the sub-indices of the water quality parameters 
were determined by the following equations.

	 SI =	Rw × Qi	 (4)

The WQI has been calculated from sub-indices of 
the water quality parameters.

	 WQI =	∑SI	 (5)

Based on calculated WQI values, the water quality 
of the reservoir was categorized from excellent to 
unsuitable for drinking (Table 1; Yadav et al., 2010; 
Shweta et al., 2013; Ramakrishnaiah et al., 2009).

Table 1: Water quality status and range of Daecheong 
reservoirs

Water quality Scale
Excellent 0-40
Good 41-80
Fair 81-120
Poor 121-160
Very poor 161-250
Unsuitable for drinking >250

Results and Discussion

Temporal Variations of Physicochemical 
Parameters
The physicochemical parameters of Daecheong reservoirs 
varied temporarily (Table 2). The concentrations of total 
phosphorus (TP) was highest in the summer season 
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(36±2 µgL-1) while it was lowest in the winter season 
(15±1 µgL-1). Summer monsoon directly influences 
the concentrations of total phosphorus in the reservoirs 
which concurred with some previous studies (Mamun 
and An, 2017). Mean values of total nitrogen (TN), 
chemical oxygen demand (COD) and hydrogen ion 
concentration (pH) did not show any kind of significant 
changes in the reservoirs over the four seasons. The 
biological oxygen demand (BOD) concentrations was 
little bit higher in autumn (1.2±0.01 mgL-1) and winter 
(1.2±0.01 mgL-1) compared to spring (1±0.01 mgL-1) 
and summer (1±0.02 mgL-1) in the reservoir waterbody.

During the summer season (6±0.09 mgL-1), values of 
TSS was highest in the reservoirs compared to spring 
(2±0.09 mgL-1), autumn (4±0.1 mgL-1) and winter 
(6±0.06 mgL-1). These results agree well with the 
viewpoint of some earlier studies that summer monsoon 
greatly determined the concentrations of total suspended 
solids in the waterbody (An and Park, 2003). Mean 
values of chlorophyll (CHL) was highest in autumn 
season (13±0.4 µgL-1) compared to summer (10±0.55 
µgL-1), spring (5±0.3 µgL-1) and winter (5±0.1 µgL-1). 
It indicates that summer TP regulates the chlorophyll 
growth in autumn due to excessive nutrient loading 
which happens in summer by intense rainfall and high 
run-off which was similar to some previous studies (An 
and Park, 2002; Mamun and An, 2017). While it was 
different in North America and showed that spring TP 
influences the chlorophyll growth of summer (Pothoven 
and Fahnenstiel, 2013). The concentrations of electrical 
conductivity (EC) and dissolved oxygen (DO) showed 
in highest concentrations during spring than summer, 
autumn and winter. 	

Overall, the present study concurred with Zhang et al. 
(2016) findings, who suggested that summer monsoon 
pattern was observed in Asian countries as in China 

and South Korea which is responsible to change of 
physicochemical water quality of the reservoirs.

Spatio-temporal Variations of Phosphorus and 
Chlorophyll
The concentrations of phosphorus and chlorophyll 
showed heterogeneities spatio-temporarily (Table 3). In 
site 1, during summer (52 µgL-1) the mean values of 
total phosphorus concentrations were highest compared 
to spring (21 µgL-1), autumn (34 µgL-1) and winter 
(20 µgL-1) due to intense rain and high run-off. The 
mean values of TP were highest in sites 4 and 6 during 
autumn season (26 µgL-1 and 27 µgL-1, respectively) 
in comparison with spring (14 µgL-1, 15 µgL-1, 
respectively), summer (23 µgL-1, 25 µgL-1, respectively) 
and winter (16 µgL-1, 14 µgL-1, respectively), 
accordingly. A similar pattern was observed for the 
concentrations of chlorophyll during the autumn season 
for sites 4 and 6. It indicated that autumn TP highly 
influences the autumn chlorophyll in site 4 and site 6. 
These sites (sites 4 and 6) are important among other 
sites as they are being used as drinking water resources 
for the two megacities (Daejeon and Cheonju). The 
present study indicated that the concentration of TP and 
CHL varied spatially and temporarily in the reservoirs 
which were similar to some previous studies (Mamun 
and An, 2017; An and Park, 2003, Kim et al., 2001).

Calculation of Water Quality Index (WQI)
The Water Quality Index (WQI) for the Daecheon 
reservoirs was calculated by arithmetic index equations 
specified previously (Horton, 1965; Brown et al., 
1970). The detailed calculation has been presented in 
Table 4, which shows the monitored values (Mv) of 
nine selected physicochemical parameters, standard 
drinking water values (Sv) according to World Health 

Table 2: Variation of water quality parameters on the basis of season in Daecheong reservoirs

Water quality 
parameters

Spring (Mean±SD)
(Min-Max)

Summer (Mean±SD)
(Min-Max)

Autumn (Mean±SD) 
(Min-Max)

Winter (Mean±SD)
(Min-Max)

TP (µgL-1) 16±1 (2-58) 36±2 (4-254) 30±1 (4-105) 15±1 (1-177) 
TN (mgL-1) 2±0.03 (1-5) 2±0.02 (1-4) 2±0.02 (1-4) 2±0.02 (1-3)
BOD (mgL-1) 1±0.01 (1-2) 1±0.02 (0.4-3) 1.2±0.01 (1-3) 1.2±0.01 (1-3)
COD (mgL-1) 3±0.02 (1-4) 3±0.03 (2-7) 3±0.03 (2-7) 3±0.03 (1-5)
TSS (mgL-1) 2±0.09 (0.3-17) 6±0.09 (0.3-99) 4±0.1 (1-26) 2±0.06 (1-6)
CHL (µgL-1) 5±0.3 (0.1-78) 10±0.55 (0.2-100) 13±0.4 (1-50) 5±0.1 (1-21)
EC (µScm-1) 152±2 (84-318) 143±2 (67-307) 129±2 (48-198) 139±2 (1-293)
DO (mgL-1) 12±0.07 (6-12) 7±0.8 (2-14) 7±0.01 (2-18) 11±0.1 (8-18)
pH 8±0.01 (7-9) 8±0.02 (7-10) 8±0.02 (6-10) 8±0.02 (6-9)
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Organization (WHO 2011), Ministry of Land, Transport, 
and Maritime Affairs, Korea (MLTM, Korea 2012), 
European Economic Commission, Romania (ECE, 
Romania 2006), assigned weight (Aw) according to 
their significance in water quality and calculated the 
relative weight (Rw), sub-index of the parameters (Qi), 
sub-indices of water quality parameters (SI) and finally 
WQI and categorized their status. According to the WQI 
calculation, the highest WQI values were obtained from 
site 1 (129.44) and categorized as a poor water quality 
status and the remaining sites are in fair condition 
according to their WQI values (S2 - 116.06, S3 - 103.51, 
S4 - 89.3, S5 - 82.007 and S6 - 90.22, respectively).

Recommendations

As it was the first study for the development of the 
WQI Index of Daecheong reservoirs, so we recommend 
further studies on this reservoir; add some important 
water quality parameters and make a strategic plan to 
assess the physicochemical parameters.

Acknowledgement

This research was supported by the funds of “2017 
CNU Research Project”, Chungnam National University 
and Daejeon Green Environment Center under the 
Research Development Program (Year 2017); the 
authors would like to acknowledge these institutions 
for their assistance.

References

Abbasi, T. and S.A. Abbasi (2012). Water quality indices. 
Elsevier, Amsterdam, Netherland.

Abdul, H.M, Jawad, A.S.A., Haider, S.A. and K.M. Bahram 
(2010). Application of water quality index for assessment 
of Dokan Lake Ecosystem, Kurdistan region, Iraq. Journal 
of Water Resources Protection, 2: 792–798.

Abdulwahid, S.J. (2013). Water quality index of Delizhiyan 
springs and Shawrawa river within Soran district, Erbil, 
Kurdistan region of Iraq. Journal of Applied Environmental 
Sciences, 3: 40–48.

Akbal, F., Gurel, L. and T. Bahadir (2011). Multivariate 
statistical techniques for the assessment of surface water 
quality at the mid-black sea coast of Turkey. Water Air 
Soil Pollution, 216: 21–37.

Alam, M. and J.K. Pathak (2010). Rapid Assessment of 
Water Quality Index of Ramganga River, Western Uttar 
Pradesh (India) Using a Computer Programme. Nature 
and Science, 8: 1–8.

American Public Health Association (APHA) (2005). 
Standard method for examination of water and wastewater, 
21st edn. APHA, AWWA, WPCF, Washington.

An, K.G. and S.S. Park (2003). Influence of seasonal monsoon 
on the trophic state deviation in an Asian reservoir. Water 
Air Soil Pollution, 145: 267–287.

An, K.G. and S.S. Park (2002). Indirect influence of the 
summer monsoon on chlorophyll-total phosphorus models 
in reservoirs: A case study. Ecological Modelling, 152: 
191–203.

Brown, R.M., McClelland, N.I. Deininger, R.A. and R.G. 
Tozer (1970). Water quality index –Do we dare? Water 
Sewage Works, 117(10): 339–343. http:// www.sciepub.
com/reference/14011.

Chrysoula, C., Gianmarco, G. and P. Eva (2014). Assessment 
of ecological quality of coastal lagoons with a combination 
of phytobenthic and water quality indices. Marine 
Pollution Bulletin, 86: 411–423.

Chung, S.W., Imberger, J., Hipsey, M.R. and H.S. Lee (2014). 
The influence of physical and physiological processes on 
the spatial heterogeneity of a Microcyst is bloom in a 
stratified reservoir. Ecological Modelling, 289: 133–149.

European Economic Commission (ECE) (2006). Quality 
elements and physico-chemical quality standards for 
assessment of ecological status of surface water in 
Romania, (GD 161). 

Ewaid, S.H. and S.A. Abed (2017). Water quality index for 
Al-Gharraf River, southern Iraq. https://doi.org/10.1016/j.
ejar.2017.03.001

Global Risks. (2015). World Economic Forum. http://reports.
weforum. org/global-risks-2015/part-1-global-risks-2015/
introduction/. Accessed 10 May 2015.

Hefni, E. and Y.W. Romanto (2015). Water quality status of 
Ciambulawung River, Banten Province, based on pollution 
index and NSF-WQI. Procedia Environ Sciences, 24: 
228–237.

Horton, R. (1965). An index number system for rating 
water quality. J Water Pollution Control Federation, 37: 
300–306.

Hua, R. and Y. Zhang (2017). Assessment of Water Quality 
Improvements Using the Hydrodynamic Simulation 
Approach in Regulated Cascade Reservoirs: A Case Study 
of Drinking Water Sources of Shenzhen, China. Water, 
9: 825.

Kangabam, R.D., Bhoominathan, S.D., Kanagaraj, S. and 
M. Govindaraju (2017). Development of a water quality 
index (WQI) for the Loktak Lake in India. Applied Water 
Sciences, 7: 2907–2918.

Lee, Y., Kim, J.K., Jung, S., Eum, J., Kim, C. and B. Kim 
(2014). Development of a water quality index model for 
lakes and reservoirs. Paddy Water Environment, 12(Supp. 
1): S19–S28.

Lobato, T.C., Hauser-Davis, R.A., Oliveira, T.F., Silveira, 
A.M., Silva, H.A.N., Tavares, M.R.M. and A.C.F. 
Saraiva (2015). Construction of a novel water quality 



	 Development of Reservoir WQI Based on Physicochemical Parameters 	 63

index and quality indicator for reservoir water quality 
evaluation: A case study in the Amazon region. Journal 
of Hydrobiologia, 522: 674–683.

Mamun, M. and K.G. An (2017). Major nutrients and 
chlorophyll dynamics in Korean agricultural reservoirs 
along with an analysis of trophic state index deviation. 
Journal of Asia-Pacific Biodiversity, 10(2): 183–191.

Marker, A.F.H., Crowther, C.A. and R.J.M. Gunn (1980). 
Methanol and acetone as solvents for estimating 
chlorophyll-a and phaeopigments by spectrophotometry. 
Arch. Hydrobiology Beih Ergebn Limnology, 14: 52–59.

Ministry of Environments (MOE)/National Institute of 
Environmental Research (NIER). (2006). Researches 
for integrative assessment methodology of aquatic 
environments (III): Development of aquatic ecosystem 
health assessments and evaluation system, 1st ed., MOE/
NIER: Incheon, Korea.

Ministry of Land, Transport, and Maritime Affairs (MLTM) 
(2012). Four Major River Restoration Project. December 
20.

Pothoven, S.A. and L.G. Fahnenstiel (2013). Recent change 
in summer chlorophyll-a dynamics of southeastern Lake 
Michigan. Journal of Great Lakes Research, 39: 287–294.

Ramakrishnaiah, C.R., Sadashivaiah, C. and G. Ranganna 
(2009). Assessment of water quality index for the 
Groundwater in Tumkur Taluk, Karnataka State, India. 
Journal of Chemistry, 6: 523–530.

Shweta, T., Bhavtosh, S., Prashant, S. and D. Rajendra (2013). 
Water quality assessment in terms of water quality index. 
American Journal of Water Resources, 1(3): 34–38.

Simoes, F.S., Moreira, A.B., Bisinoti, M.C., Gimenez, 
S.M.N. and M.J.S. Yabe (2008). Water Quality index as a 
simple indicator of aquaculture effects on aquatic bodies. 
Ecological Indicators, 8: 476–484.

Tripaty, J.K. and K.C. Sahu (2005). Seasonal hydrochemistry 
of groundwater in the barrier spit system of the Chilika 
Lagoon, India. Journal of Environmental Hydrology, 13: 
1–9.

United Nation Water (2016). http://www.unwater.org/
publications/towards-worldwide-assessment-freshwater-
quality/. Accessed 28 November 2016.

United Nation World Water Day (2010). http://unwater-
archive.stage. gsdh.org/WWD-2010//www.unwater.org/
wwd10/faqs.html. Accessed 26 Jan 2015.

Varol, S. and A. Davraz (2015). Evaluation of the groundwater 
quality with WQI (Water Quality Index) and multivariate 
analysis: A case study of the Tefenni plain (Burdur/
Turkey). Environmental Earth Sciences, 73: 1725–1744.

Venkatesharaju, K., Ravikumar, P., Somashekar, R.K. and 
K.L. Prakash (2010). Physicochemical and bacteriological 
investigation on the river Cauvery of Kollegal stretch 
in Karnataka. Kathmandu Universal Journal of Science 
Engineering and Technology, 6: 50–59.

Vollenweider, R.A. (1968). Scientific fundamentals of the 
eutrophication of lakes and flowing waters with special 
reference to nitrogen and phosphorus as factors in 
eutrophication. Organization for Economic Co-operation 
and Development, Paris.

Wetzel, R.G. (2001). Limnology: Lake and Reservoir 
Ecosystems. Academic Press, New York.

WHO (2011). Guidelines for Drinking-Water Quality, 4th 
edn. World Health Organization, Geneva.

Will, M.B., Richard, P.A. and E. George (2015). Host 
evaluating a great lakes scale landscape stressor index 
to assess water quality in the St. Louis River Area of 
Concern. Journal of Great Lakes Research, 41: 99–110.

Yadav, A.K., Khan, P. and S.K. Sharma (2010). Water quality 
index assessment of groundwater in Todaraisingh Tehsil 
of Rajasthan State, India—A greener approach. Journal 
of Chemistry, 7: S428–S432.

Yidana, S.M. and A. Yidana (2010). Assessing water quality 
using water quality index and multivariate analysis. 
Environmental Earth Sciences, 59: 461–1573.

Zhang, X., Dong, Z., Gupta, H., Wu, G. and D. Li (2016). 
Impact of the three Gorges dam on the hydrology and 
ecology of the Yangtze river. Water, 8: 590. 



Contents

Editorial		  i

q Snapshots		  ii

Spatio-Temporal Variations of Fish Guilds, Compositions, Water Chemistry and the 
Ecological Health Assessments in the Artificial Weir 

		  Md. Mamun and Kwang-Guk An 	 1
Choice of Melioration Facies Regimes Using Catenary-facies Models of Watersheds of the 

Forest-steppe Zone of the Republic of Bashkortostan 
		  Aigul Khazipova, Ayrat Chafizov, Aleksander Komissarov, Radik Mustafin 

	 and Ruslan Zubairov 	 19
Status, Governance and Development of Gunao Lake: The Little-Known Lake of Dolores, 

Quezon, Philippines 
		  Bing Baltazar C. Brillo 	 27
Simulation of Coastal Salinity Susceptibility in Bentota, Sri Lanka 
		  T.K.G.P. Ranasinghe and R.U.K. Piyadasa	 35
Monitoring Humus Content of Chernozems (Black Soils) and Soil Water Pollution Rate in 

the Pre-Ural Forest-Steppe of the Republic of Bashkortostan 
		  Nailja Zamanova, Zila Churagulova, Bulat Murzabulatov, Irek Miniakhmetov 

	 and Julia Yakovleva 	 43
Study of Water Quality in Udaipur Region, India 
		  Amarnath Mishra and Bharat Nagda 	 51
Contamination Level of Different Chemical Elements in Top Soils of Barapukuria Coal 

Mine Area in Dinajpur, Bangladesh 
		  H.M. Zakir and M.Y. Arafat 	 59
Evaluation and Quantification of Pollution Caused by Open Drains in Ganges River Basin 

Using Multivariate Cluster Analysis 
		  R. Srinivas, Ajit Pratap Singh, Varun Jain, Ramneek Singh Bhamra 

	 and Prateek Sharma 	 75
Long-term Irrigation Effect on Soil and Vegetation Cover of Floodplain Estuaries 

in the Southern Urals 
		  Alexander Komissarov, Mikhail Komissarov, Khalil Safin, Marat Ishbulatov 

	 and Yuri Kovshov 	 83
Impact of Soil Moisture and Soil Temperature on the Physico-Chemical Property 

of Laterite Soil 
		  D. Das and B.B. Kar 	 91
Status and Prediction of SO2 as an Air Pollutant in Shiraz, Iran 
		  Masoud Masoudi, Fatemeh Ordibeheshti and Neda Rajai Poor 	 97
Receptor Modelling for Particulate Matter: Review of Indian Scenario 
		  S.A. Nihalani, A.K. Khambete and N.D. Jariwala	 105

Environment News Futures		  113

Asian Journal of Water, Environment and Pollution

Volume 17  Number 1	 January – March, 2020


