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Abstract 

A Water Quality Index (WQI) is a numeric expression used to evaluate the quality of a given 

water body and to be easily understood by managers. The present study discusses and compares 

four different water quality indices, viz. arithmetic water quality index, multiplicative water quality 

index, unweighted arithmetic water quality index and unweighted multiplicative water quality index, 

which are considered for characterizing the coastal water quality along Kalpakkam, India. 

Dissolved oxygen (DO), pH, biochemical oxygen demand (BOD), temperature, suspended 

particulate matter (SPM), turbidity, nitrate and phosphate are used as the parameters for the 

development of water quality indices. The concordance correlation coefficients for various water 

quality indices were determined. It was found that the arithmetic water quality index was higher 

than unweighted arithmetic water quality index while the unweighted multiplicative water quality 

index was lower than multiplicative water quality index. Weighted arithmetic water quality index is 

almost perfectly correlated with unweighted arithmetic water quality index (Pearson ρ = 0.98) and 

also closely related with unweighted multiplicative water quality index (Pearson ρ = 0.97). All the 

indices were well correlated with each other except multiplicative water quality index. The 

comparison of different indices showed that the arithmetic water quality index is the most suitable 

for coastal waters and alternative index could be unweighted arithmetic water quality index. 

Keywords: Coastal water quality, Kalpakkam, Water quality indices (WQI), Concordance 

correlation coefficient, Statistical data analysis 

1. Introduction 

Monitoring programs of aquatic systems play 

a significant role in water quality management. 

However, the water quality is difficult to be 

evaluated from a large number of samples, each 

containing concentrations of many water quality 

variables [1]. A water quality index (WQI) 

summarizes large amounts of water quality data 

into simple terms (e.g., excellent, good, bad, etc.) 

for reporting to managers and the public in a 

consistent manner [2]. WQI can be used as a 

tool in comparing the water quality of different 

sources and it gives the public a general idea of 

the possible problems with water in a particular 

region. The indices are among the most 

effective ways to communicate the information 

on water quality trends for the water quality 

management [3]. Available water quality 

indices have some limitations such as 

incorporating a limited number of water quality 

variables and providing deterministic outputs 

[4]. 

Water quality index is a performance 

measurement that aggregates information into a 

usable form, which reflects the composite 

influence of significant physical, chemical and 

biological parameters of water quality 

conditions [5]. Use of a WQI allows ‘good’ and 

‘bad’ water quality to be quantified by reducing 

a large quantity of data on a range of physico-

chemical and biological variables to be a single 

number in a simple, objective and reproducible 

manner [6]. The use of a numerical index as a 

management tool in water quality assessment is 

a rather recent innovation. An index is a number, 

usually dimensionless, which expresses the 

relative magnitude of some complex 

phenomenon or condition. [7] proposed the first 

water quality index (WQI), a great deal of 

consideration has been given to the 

development of index methods. Various types of 

arithmetical methods used, have included 
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aggregation of quality-monitoring data to yield 

an overall quality index. The WQI system is a 

well-known method of expressing water quality 

that offers a simple, stable and reproducible unit 

of measure which responds to changes in the 

principal characteristics of water [8]. All 

indexing systems require measurements to be 

made for a selection of water quality 

determinants. From these measurements, a sub-

index rating value is obtained for each 

determinant. These values are then aggregated 

in some way to produce the final index score [9]. 

Several researchers have assessed spatial and 

temporal changes in water quality [10-15]. Once 

the water quality monitoring data are collected, 

there is a further need to translate them into a 

form that is easily understood and effectively 

interpreted. Water quality index plays an 

important role in such translation process. It is a 

communication tool for transfer of water quality 

data [16]. The desirability of developing and 

using such indices has been described by [17]. 

These numbers allow meaningful spatial and 

temporal comparisons to be made and integrate 

the effects of the various pollutants present. 

WQI not only acts as indicator of water quality 

changes, but can also indicate the effects of 

these changes on potential water use. The 

objective of this article is to compare coastal 

water quality indices by considering the 

standards and aquatic life. 

The concordance correlation coefficient, 

which evaluates the agreement of paired 

samples, can be used to validate the 

reproducibility of an assay, instrument, or 

method. It is meaningful and easy to perform. 

The proposed guidelines for such validation 

require the specification of allowable losses in 

precision and accuracy. The sample size 

requirement for effective validation can be 

computed based on the same principle. The 

concordance correlation coefficient can 

potentially be an excellent tool in many types of 

goodness-of-fit evaluation by simply examining 

how well the observed outcomes concord with 

the hypothesized values [18]. 

Suggested Rating Function Values for 

Various Variables 

To describe the water quality, it is useful to 

employ a sub-index of quality variable to 

indicate the quality of the water on a zero (worst 

quality) to unity (best quality) scale. In this 

context, a variety of sub-indices have been 

proposed over the last two decades. These sub-

indices can be classified as absolute sub-indices, 

which are independent of the water quality 

standards, and relative sub-indices, which 

depend on the water quality standards. The sub-

index rating function of a quality variable is not 

unique but depends on the intended water use. 

To yield an overall water quality index, the sub-

indices are aggregated. The sub-indices consist 

of nonlinear and segmented nonlinear explicit 

functions, except two unimodal variables, pH 

and temperature. 

The coefficients and factors in the sub-index 

equations were developed based on coastal 

water quality standards, aquatic life, and the 

review of literature. The eight parameters 

included for the development of water quality 

indices are dissolved oxygen (DO), pH, 

biochemical oxygen demand (BOD), 

temperature, suspended particulate matter 

(SPM), turbidity, nitrate and phosphate. The 

rating function values of 1.0, 0.9, 0.8, 0.5, and 

0.01, represent respective water quality index 

values of 100, 90, 80, 50, and 1. For each sub-

index, the values of the pollutant variable were 

identified, which correspond to ‘‘intolerable’’ (I 

= 0.01), “poor” (I = 0.1), “good” (I = 0.9), and 

“perfect” (I = 1) water quality. In Table 1, the 

values of water quality parameters that 

correspond to 0.9, 0.5, and 0.1 values of rating 

functions are given [19]. The value function 

graphs for the various parameters are shown in 

Figs 1-8. 

Table 1. Values of water quality parameters 

corresponding to 0.9, 0.5, and 0.1 values of 

sensitivity functions 

Parameter 0.9 0.5 0.1 

Dissolved oxygen (mg/L) 6 4.5 2.5 

pH 5.5, 

8.0 

3.5, 

10 

2.3, 

11.5 

Biochemical oxygen 

demand (mg/L) 

1.5 3 4.5 

Temperature (°C) 14, 

26 

6, 32 2, 

35 

Suspended particulate 

matter (mg/L) 

60 150 200 

Turbidity (NTU) 40 100 200 

Nitrate (µmol) 5 12 41 

Phosphate (µmol) 0.7 1.11 3.67 
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Figure 1. Sensitivity function for dissolved 

oxygen. 

 

Figure 2. Sensitivity function for pH. 

 

Figure 3. Sensitivity function for BOD. 

 

Figure 4. Sensitivity function for temperature. 

 

Figure 5. Sensitivity function for SPM. 

 

Figure 6. Sensitivity function for Turbidity. 
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Figure 7. Sensitivity function for Nitrate. 

 

Figure 8. Sensitivity function for Phosphate. 

 

Table 2. Weights for six water quality variables 

(Gupta et al., 2003) 

Variable Temporary 

weight 

Final 

weight 

(wi) 

Dissolved oxygen (mg/L) 1.0 0.18 

pH 0.9 0.16 

Biochemical oxygen 

demand (mg/L) 

0.8 0.14 

Temperature (°C) 0.7 0.13 

Suspended particulate 

matter (mg/L) 

0.6 0.11 

Turbidity (NTU) 0.6 0.11 

Nitrate (µmol) 0.5 0.09 

Phosphate (µmol) 0.5 0.09 

 

The assigning of weightage to each 

parameter depends on the relative importance of 

the parameter. Then temporary weight is 

assigned to each parameter. The final weightage 

can be determined by dividing the individual 

temporary weight of each parameter by the total 

temporary weight and the final weights are 

given in Table 2. The basis of water quality 

categories is given in Table 3 [19]. 

Table 3. Descriptor categories for WQI 

WQI Category 

0-25 Very bad 

26-50 Bad 

51-70 Medium 

71-90 Good 

91-100 Excellent 

Structure of Various Water Quality Indices 

The four different water quality indices have 

been considered for comparison of coastal water 

quality of Kalpakkam coastal area. Individual 

index (qi) and weighing factors (Wi) for six 

parameters (DO, pH, BOD, temperature, SPM, 

turbidity, nitrate and phosphate) were fitted into 

the following formulas. 

The first, water quality index is an index 

originally proposed by [7], also called as the 

arithmetic water quality index (WQIA). Many 

researchers [20-22] have used this index in their 

research work, which is basically the weighted 

arithmetic mean in the following form: 





n

i

iiA qwWQI
1

 (1) 

where n is the number of variables, wi is the 

relative weight of the i
th

 parameter such that 

1
1




n

i

iw  and qi is the quality rating of i
th

 

parameter. 

Second water quality index is a 

multiplicative form of index proposed by [8]. 

Later researchers [23-26] have also employed a 

weighted geometric mean for aggregation. The 

multiplicative water quality index (WQIM) is 

defined as follows: 





n

i

iiM wqWQI
1

 (2) 

The construction of the above two indices 

suggests that each parameter may be of different 

weight based on the importance of water quality 

situation. 
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Third and fourth water quality indices are as 

follows: 

The unweighted arithmetic water quality 

index (WQIUA) is defined as given in the 

following equation. 





n

i

iUA q
n

WQI
1

1
 (3) 

Unweighted multiplicative water quality 

index (WQIUM) is defined as: 





n

i

iUM qWQI
1

 (4) 

2. Study Site and Method 

Study Area 

The study was carried out in the vicinity of 

Madras atomic power station (MAPS) located at 

Kalpakkam, East Coast of India (1233’N and 

8011’E) at about 70 km south of Chennai (Fig. 

9). At present a nuclear power plant (MAPS) 

and a desalination plant are operating near the 

coast. MAPS use seawater at a rate of 35 m
3
/s 

for condenser cooling purpose. The seawater is 

drawn through an intake structure located inside 

the sea at about 500 m away from the shore. 

After extracting the heat, the heated seawater is 

released into the sea. Two backwaters namely 

the Edaiyur and the Sadras located in this coast, 

are connected to the Buckingham canal, which 

runs parallel to the coast. Buckingham Canal 

carries urban runoff from Chennai and adjacent 

coastal inhabitants. The Sadras backwater 

receives the domestic discharge from the 

Kalpakkam Township, which has a population 

of about 50,000. Two villages inhabited by 

fishermen are located adjoining both sides of the 

township having sizable population. The 

Edaiyur backwaters mouth remained open 

throughout the study period due to dredging 

activities. 

Figure 9. Locations of water quality monitoring stations. 

 

Sample Collection and Analysis 

Surface water samples were collected every 

month from the stations S1 to S12 for a period 

from January to December 2010, for the 

estimation of various physico-chemical 

parameters. Each station has a transect with 

sampling stations at 200 m, 500 m and 1 km 

into the sea (Fig. 9). Sampling stations were 
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fixed with the help of a Global Positioning 

System. A total of 36 water samples were 

collected from all transects in acid cleaned 

polythene bottles. In the present study, for 

comparison of coastal water quality indices, 

different physico-chemical parameters and 

nutrients such as dissolved oxygen, pH, 

biochemical oxygen demand, temperature, 

suspended particulate matter, turbidity, nitrate 

and phosphate were analyzed. Systronics pH 

meter with accuracy of ± 0.002 was used to 

estimate pH. Temperature was measured using 

standard thermometer. Winkler’s titrimetric 

method [27] was followed for the estimation of 

DO. Biochemical oxygen demand was 

determined by the dilution and incubation 

method [27]. Nitrate and phosphate were 

estimated by colorimetry following standard 

methods [27]. Concordance correlation 

coefficient was computed for different water 

quality indices [28,29]. 

3. Results and Discussion 

Water quality indices are established from 

important physico-chemical parameters for 

different months to understand the coastal water 

quality better for the general public. A higher 

value would indicate a better quality of water. 

Various parameters selected for the estimation 

of different water quality indices are dissolved 

oxygen, pH, biochemical oxygen demand, 

temperature, suspended particulate matter, 

turbidity, nitrate and phosphate. Statistics 

description values of the parameters considered 

are given in Table 4. Using these rating curves 

and equations, the WQI obtained for various 

points in Kalpakkam coastal water is given in 

Figs. 1 to 8. Values of the WQI can be used not 

only to indicate the spatial variation of coastal 

water but also as a good indicator of behaviour 

of water along environmental gradients. 

Comparison of Water Quality Indices 

The station variations of sub-index values for 

above mentioned parameters are given in Table 

5. The comparison of different water quality 

indices is shown in Table 6. The results of 

arithmetic water quality index (WQIA) show no 

expected development except that lower value 

of water quality index has been observed in 

station S7 to S10. At S11 and S12, the water 

quality appears to have recovered slightly. 

Above 80 occurs for stations S1, S2, S5, S6, 

S11 and S12 and station S7 has the lowest value 

(74). The unweighted arithmetic water quality 

index (WQIUA) is lower than weighted 

arithmetic water quality index (WQIA). The 

highest value is observed in S10 and S11 (84) 

and lowest value in S7 (74). These two indices 

are substantially correlated with a concordance 

correlation coefficient of 0.97. But it is observed 

that WQIA values are higher than WQIUA, WQIM 

and WQIUM. WQIUA has the problem of 

ambiguity, while WQIA has the problem of 

eclipsing. The problem of eclipsing is the 

underestimation rather than exaggeration of 

pollution. Eclipsing is said to occur when 

extremely poor environmental quality exists for 

at least one pollutant variable, but the overall 

index does not reflect this fact [19]. 

Table 6. Comparison of various water quality 

indices 

Stations WQIA WQIUA WQIM WQIUM 

S1 85 83 82 80 

S2 82 81 78 72 

S3 78 78 75 70 

S4 79 79 74 67 

S5 81 80 77 76 

S6 81 80 77 69 

S7 74 74 69 60 

S8 77 82 77 75 

S9 76 76 72 66 

S10 80 84 78 76 

S11 82 84 79 69 

S12 81 77 72 67 

The third index for comparison is the 

multiplicative water quality index. The 

multiplicative index (WQIM) is higher than 

unweighted multiplicative index (WQIUM). 

WQIM value is also lower than the earlier 

indices. The highest and lowest values are 

observed to be 82 (at S1) and 69 (for S7). These 

two indices are moderately correlated having a 

correlation coefficient of 0.92 (Table 7). 

Table 7. Concordance correlation coefficient 

(Pearson ρ) among four indices 

 WQIA WQIUA WQIM WQIUM 

WQIA 1.00    

WQIUA 0.98 1.00   

WQIM 0.91 0.96 1.00  

WQIUM 0.97 0.96 0.92 1.00 
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Table 4. Statistics description of various parameters for different stations. 

Parameters Statistics S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

DO (mg/L) Minimum 4.29 4.24 4.03 4.19 4.63 4.52 4.34 4.36 4.48 4.35 4.66 4.59 

Maximum 4.68 4.61 4.22 4.39 4.83 4.86 4.83 4.63 4.59 4.68 4.87 4.78 

Mean 4.49 4.43 4.13 4.29 4.73 4.69 4.58 4.49 4.53 4.52 4.77 4.68 

Std. Deviation ± 0.20 ± 0.20 ± 0.10 ± 0.10 ± 0.09 ± 0.17 ± 0.25 ± 0.13 ± 0.06 ± 0.17 ± 0.11 ± 0.09 

pH Minimum 7.28 7.36 7.24 7.27 7.36 7.40 7.24 7.30 7.35 7.30 7.22 7.37 

Maximum 7.42 7.38 7.42 7.39 7.43 7.45 7.46 7.50 7.43 7.46 7.47 7.48 

Mean 7.36 7.37 7.36 7.34 7.39 7.43 7.32 7.43 7.40 7.36 7.35 7.43 

Std. Deviation ± 0.06 ± 0.01 ± 0.10 ± 0.05 ± 0.03 ± 0.02 ± 0.12 ± 0.11 ± 0.04 ± 0.08 ± 0.12 ± 0.05 

BOD (mg/L) Minimum 1.29 1.09 1.28 1.06 1.55 1.58 2.38 2.52 2.40 2.40 2.34 2.52 

Maximum 2.16 1.81 1.61 1.87 1.85 1.98 2.83 2.74 2.82 2.85 2.92 2.93 

Mean 1.72 1.40 1.43 1.44 1.72 1.83 2.62 2.60 2.57 2.55 2.70 2.69 

Std. Deviation ± 0.43 ± 0.37 ± 0.16 ± 0.40 ± 0.15 ± 0.21 ± 0.22 ± 0.12 ± 0.21 ± 0.25 ± 0.31 ± 0.21 

Temperature (°C) Minimum 28.22 27.96 28.20 28.05 27.98 28.25 28.58 28.72 28.70 28.83 28.75 28.73 

Maximum 28.40 27.97 28.41 28.41 28.52 28.54 29.88 29.13 29.06 29.16 29.18 29.08 

Mean 28.29 27.96 28.29 28.27 28.27 28.41 29.18 28.95 28.83 28.98 28.93 28.92 

Std. Deviation ± 0.09 ± 0.00 ± 0.10 ± 0.19 ± 0.27 ± 0.14 ± 0.65 ± 0.21 ± 0.19 ± 0.16 ± 0.21 ± 0.17 

SPM (mg/L) Minimum 43.00 44.50 46.17 41.40 43.30 42.40 46.93 47.70 44.03 45.70 46.10 48.47 

Maximum 48.87 50.03 48.10 52.10 44.37 44.53 51.77 53.20 50.77 48.70 49.53 50.24 

Mean 46.08 47.38 47.17 46.07 43.81 43.13 48.89 50.26 47.88 47.61 47.80 49.45 

Std. Deviation ± 2.94 ± 2.7 ± 0.96 ± 5.47 ± 0.53 ± 1.21 ± 2.54 ± 2.77 ± 3.46 ± 1.66 ± 1.71 ± 0.89 

Turbidity (NTU) Minimum 2.84 2.82 3.01 2.84 2.71 3.23 2.33 4.41 3.19 2.54 2.82 2.91 

Maximum 4.43 4.11 3.86 4.45 5.09 4.53 7.10 7.91 5.70 4.42 3.87 4.54 

Mean 3.65 3.32 3.31 3.50 3.69 3.94 4.67 6.52 4.62 3.39 3.20 3.67 

Std. Deviation ± 0.79 ± 0.69 ± 0.47 ± 0.84 ± 1.24 ± 0.65 ± 2.38 ± 1.85 ± 1.28 ± 0.95 ± 0.58 ± 0.82 

Nitrate (µmol) Minimum 6.92 7.00 7.13 15.17 14.17 10.83 11.5 8.67 11.33 7.67 12.5 13.33 

Maximum 9.55 9.50 8.00 17.00 15.50 14.50 13.50 10.00 16.50 10.50 15.50 14.50 

Mean 5.00 5.00 5.90 13.0 13.00 6.00 7.50 7.00 4.50 3.50 9.00 11.50 

Std. Deviation ± 2.35 ± 2.29 ± 1.09 ± 2.02 ± 1.25 ± 4.36 ± 3.46 ± 1.52 ± 6.17 ± 3.68 ± 3.27 ± 1.60 
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Phosphate (µmol) Minimum 1.44 2.45 2.51 2.41 2.78 2.44 3.00 1.01 1.89 0.89 2.11 2.11 

Maximum 2.00 3.33 3.33 3.22 3.67 3.00 3.33 2.00 2.33 1.67 3.67 3.33 

Mean 0.67 1.33 2.00 2.00 2.00 2.00 2.67 0.33 1.33 0.33 0.67 1.33 

Std. Deviation ± 0.69 ± 1.01 ± 0.71 ± 0.70 ± 0.84 ± 0.50 ± 0.33 ± 0.87 ± 0.50 ± 0.69 ± 1.50 ± 1.07 

 

Table 5. Sensitivity function values for different physico-chemical parameters around Kalpakkam coast 

Stations DO (mg/L) pH BOD (mg/L) Temperature (°C) SPM (mg/L) Turbidity (NTU) Nitrate (µmol) Phosphate (µmol) 

S1 0.54 0.98 0.88 0.76 0.96 0.94 0.90 0.90 

S2 0.54 0.98 0.90 0.80 0.94 0.98 0.90 0.45 

S3 0.42 0.98 0.90 0.76 0.93 0.98 0.92 0.34 

S4 0.48 0.96 0.90 0.76 0.96 0.96 0.93 0.34 

S5 0.58 0.98 0.88 0.76 0.99 0.94 0.93 0.34 

S6 0.58 0.98 0.89 0.77 0.99 0.92 0.91 0.34 

S7 0.54 0.96 0.62 0.72 0.94 0.92 0.94 0.25 

S8 0.53 0.98 0.62 0.70 0.92 0.90 0.95 0.99 

S9 0.54 0.98 0.61 0.70 0.94 0.92 0.93 0.45 

S10 0.54 0.97 0.61 0.71 0.93 0.98 0.98 0.99 

S11 0.59 0.97 0.63 0.70 0.94 0.98 0.97 0.90 

S12 0.58 0.98 0.63 0.70 0.92 0.94 0.97 0.45 
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The graphs plotted for water quality indices 

versus stations for Kalpakkam coastal water 

(Fig. 10), show an increasing trend where higher 

WQI on stations give higher WQI. This means 

that there is positive correlation between water 

quality indices and stations. The results from 

WQIA, S1 to S6 and S10 to S12 show good 

water quality and stations S7, S8 and S9 are 

slightly polluted compared with remaining 

stations. This is because S7 is affected with the 

heated water discharges from MAPS outfall, S8 

is polluted due to the dredging activities which 

allows inflow of fresh water into the sea and S9 

is contaminated either through fisher man 

activities or heated water from outfall. On the 

whole, water quality at all stations appears to be 

good except S7 to S9. The stations S10 to S12 

are slightly polluted compared with S7 to S9. 

Figure 10. Comparison of various water quality 

indices values for different stations. 

 
The mathematical analysis had been carried 

out to determine the correlation among the 

indices. The MedCalc software package [28,29] 

was used to calculate the concordance 

correlation coefficients (Table 7). Based on the 

earliest developed method (WQIA) as reference 

method, the comparison were done with other 

newer methods developed later (WQIUA, WQIM 

and WQIUM). It can be seen that all four indices 

are meaningfully correlated with each other. 

Unweighted multiplicative water quality index 

is almost perfectly correlated with arithmetic 

water quality index (Pearson ρ = 0.99) and also 

closely related with unweighted arithmetic 

water quality index (Pearson ρ = 0.98). 

4. Conclusion 

The study investigates how index methods 

are effective in deriving the information from 

complex water quality data sets. The water 

quality index gives a relative indication of the 

quality of the water along the coastal water. 

Coastal water with a WQI value in the ranges 0-

25, 26-50, 51-70, 71-90, and 91-100 would be 

considered very bad, bad, medium, good and 

excellent respectively. Using this classification, 

it can be stated that stations S1 to S6 are 

unpolluted, S7 to S9 are polluted whereas S10 

to S12 are slightly polluted. However, these are 

only rough indications and the divisions are 

rather subjective. The weighted arithmetic water 

quality index (WQIA) is higher than unweighted 

arithmetic water quality index (WQIUA). These 

two indices are almost perfectly correlated 

having a concordance correlation coefficient of 

0.98. Weighted multiplicative index (WQIM) is 

higher than unweighted multiplicative index 

(WQIUM). The weighted multiplicative index 

value is also lower than the earlier indices. 

Although all the indices showed significant 

correlation with each other, the best choice 

would be the arithmetic water quality index 

(WQIA) and the better alternative would be 

unweighted arithmetic water quality index for 

characterizing the coastal waters. 

Acknowledgments 

The authors are thankful to Board for 

Research in Nuclear Sciences, Government of 

India for providing financial assistance. 

References 

[1] Almeida CA, Quintar S, Gonzalez P, Mallea 

MA (2007). Influence of urbanization and 

tourist activities on the water quality of the 

Potrero de los Funes River (San Luis-

Argentina). Environmental Monitoring and 

Assessment 133, 459-465. 

[2] Hülya B (2009). Utilization of the water 

quality index method as a classification tool. 

Environmental Monitoring and Assessment. 

[3] Jagadeeswari PB, Ramesh K (2012). Water 

Quality Index for Assessment of Water 

Quality in South Chennai Coastal Aquifer, 

Tamil Nadu, India. International Journal of 

Chem. Tech Research Vol.4, No.4, pp 1582-

1588, 2012. 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

W
a
te

r 
Q

u
a
li
ty

 I
n

d
ic

e
s

 

Station 

WQI A 

WQI UA 

WQI M 

WQI UM 



ARCH. ENVIRON. SCI. (2013), 7, 23-32 

32 

[4] Nikoo MR, Kerachian R, Estalaki SM, 

Bashi-Azghadi SN, Azimi-Ghadikolaee MM, 

(2011). A probabilistic water quality index 

for river water quality assessment: a case 

study, Environ Monit Assess 181:465-478. 

[5] Landwehr JM (1979). A statistic view of a 

class of water quality indices, Water Resour. 

Res. 15(2), 460-468. 

[6] House MA, Newsome DH (1989). Water 

quality indices for the management of 

surface water quality’, Water Sci. Technol 21, 

1137-1148. 

[7] Horton RK (1965). An index number for 

rating water quality. Journal of Water 

Pollution Control Federation 37 (3), 300-306. 

[8] Brown RM, McClelland NI, Deininger RA, 

O’Connor MF (1972). Water Quality Index-

Crashing, the Psychological Barrier, Proc. 

6th Annual Conference. Advance in Water 

Pollution Research 787-794. 

[9] Ott WR (1978). Environmental Quality 

Indices: Theory and Practice; Ann Arbor 

Science Publishers: Michigan. 

[10] Chang H (2008). Spatial analysis of water 

quality trends in the Han River basin, South 

Korea. Water Research 42, 3285-3304. 

[11] Donohue I, Irvine K (2008) Quantifying 

variability within water samples: the need for 

adequate subsampling. Water Research, 42, 

476-482. 

[12] Feio MJ, Norris RH, Grac a̧ MAS, Nichols 

S (2009). Water quality assessment of 

Portuguese’s streams: regional or national 

predictive models? Ecological Indicators 9, 

791-806. 

[13] Jia J, Zhao J, Deng H, Duan J (2010). 

Ecological footprint simulation and 

prediction by ARIMA model: a case study in 

Henan Province of China. Ecological 

Indicators 10, 538-544. 

[14] Moatar F, Miquel J, Poirel A (2001). A 

quality-control method for physical and 

chemical monitoring data. Application to 

dissolved oxygen levels in the river Loire. 

Journal of Hydrology 252, 25-36. 

[15] Smeti EM, Koronakis DE, Golfinopoulos 

SK (2007). Control charts for the toxicity of 

finished water—modeling the structure of 

toxicity. Water Research 41, 2679- 2689. 

[16] Ball RO, Church RL (1980). Water quality 

indexing and scoring. Journal of 

Environmental Engineering Division ASCE, 

106 (4), 757-771 

[17] Train RE (1972) The quest for 

environmental indices. Science, 178, 121. 

[18] Lin, Lawrence I-Kuei (1992). Assay 

validation using the concordance correlation 

coefficient. Biometrics, 48:599-604. 

[19] Gupta AK, Gupta SK., Rashmi S, Patil A 

(2003). Comparison of Water Quality Indices 

for Coastal Water. Journal of Environmental 

Science and Health Part A, Vol. A38, No. 11, 

pp. 2711-2725. 

[20] Brown RM, McClelland NI, Deininger RA, 

Tozer RG (1970). A water quality index—do 

we dare? Water and Sewage Works 117 (10), 

339-343. 

[21] Prati L, Pavenello R, Pesarin F (1971). 

Assessment of surface water quality by 

single index of pollution. Water Research 5, 

741-751. 

[22] Dinius SH (1972). Social accounting 

system for evaluating water resources. Water 

Resources Research 8 (5), 1159-1177. 

[23] Landwehr JM, Deininger RA, McClelland 

NL, Brown RM (1974). An objective water 

quality index. Discussion by Ralph D. 

Harkins. Journal of Water Pollution Control 

Federation 46 (7), 1804-1809. 

[24] Walski TM, Parker FL (1974). Consumer’s 

water quality index. Journal of 

Environmental Engineering Division ASCE., 

100 (3), 593-611. 

[25] Bhargava DS (1985). Expression for 

drinking water supply standards. Journal of 

Environmental Engineering Division ASCE, 

113 (3), 304-316 

[26] Dinius SH (1987). Design of an index of 

water quality. Water Resources Bulletin 23 

(5), 833-843. 

[27] Grasshoff K, Ehrhardt M, Kremling K 

(1983). Methods of seawater analysis. New 

York: Wiley. 

[28] Lin, Lawrence I-Kuei (1989). A 

concordance correlation coefficient to 

evaluate reproducibility. Biometrics 45:255-

268. 

[29] McBride GB (2005). A proposal for 

strength-of-agreement criteria for Lin's 

Concordance Correlation Coefficient. NIWA 

Client Report: HAM2005-062. 


