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Rivers, as one of the main sources of water supply, play a vital role in meeting
environmental, agricultural, and human needs. Assessing the water quality of
these resources is essential for sustainable management and reducing
environmental risks. Selecting an appropriate index for evaluating surface water
quality is one of the key challenges in water resources management. In this
study, in order to compare three widely used water quality indices, the Iranian
National Water Quality Index (IRWQI), the National Sanitation Foundation
Water Quality Index (NSFWQI), and the Canadian Council of Ministers of the
Environment Water Quality Index (CCMEWQ)I), data collected from the Haraz
River (nine stations during two seasons: winter and summer) were used as a case
study. The results showed that all three indices were able to classify water quality
relatively well; however, differences were observed in their sensitivity and
discriminatory capability, with the NSFWQI generally providing more optimistic
results. Furthermore, Response Surface Methodology (RSM) was employed to
analyze the influence of different parameters on each index and to optimize water
quality modeling. The findings indicated that in summer, nitrate, phosphate,
dissolved oxygen, and ammonium were the most influential parameters,
accounting for a total of 83%, while in winter, biochemical oxygen demand,
chemical oxygen demand, total hardness, and pH were the most influential,
accounting for 82%. Water quality based on the NSFWQI was lower in summer
than in winter; during winter, all stations fell within the medium to good
categories, whereas only about 34% of the stations were in this range in summer.
A decreasing trend in water quality along the river was also observed in both
seasons. This study demonstrates that the choice of index can significantly affect
the interpretation of water quality status, and that integrating indices with
statistical methods such as RSM can provide an effective tool for surface water
quality management in other rivers.
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Figure 1. Location of the haraz river and sampling stations
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Table 2. Weights of parameters in the IRWQIsc index

Parameters Unit Weight
Fecal coliform MPN/100ml 0.14
BODS5 mg/l 0.117
Nitrate mg/l 0.108
Dissolved oxygen % Saturation 0.097
Electrical conductivity ps/cm 0.096
COD mg/l 0.093
Ammonium mg/l 0.09
Phosphate mg/1 0.087
Turbidity NTU 0.062
Total hardness mg CaCO3/1 0.059
pH 0.051

Table 3. Descriptive classification for IRWQIsc index

Descriptive class Colour Index value
Very bad _ <15
Bad s 15-29.9
Relatively bad 30-44.9
Medium 45-55
Relatively good 55.1-70
Good s 70.1-85
Very good _ >85
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Table 4. Weights of parameters in the NSFWQI index (Brown et al., 1970)

Parameters Unit Weight
Dissolved oxygen % Saturation 0.17
Fecal coliform MPN/100ml 0.15
pH 0.12
BODS5 mg/l 0.1
Temperature C 0.1
Phosphate mg/l 0.1
Nitrate mg/l 0.1
Turbidity NTU 0.08
TDS mg CaCO3/1 0.08
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Table 5. Descriptive classification for NSFWQI index

Descriptive class Colour Index value
Very bad 0-25
Bad 25.1-50
Medium 50.1-70

Excellent R 90.1-100
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Figure 2. Conceptual model of the CCMEWQI index (CCME,2017)
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Table 6. Descriptive classification for CCMEWQI index
Descriptive class Index value Interpretation of water quality conditions
Water quality is almost always threatened or impaired; conditions usually
Poor 0-44.9 depart from natural or desirable levels;

Water quality is frequently threatened or impaired; conditions often depart
Marginal 45-64.9 from natural or desirable levels from natural or desirable levels;

Water quality is usually protected but occasionally threatened or impaired,
Fair 65-79.9 conditions sometimes depart from natural or desirable levels;

Water quality is protected with only a minor degree of threat or
Good 80-94.9 impairment; conditions rarely depart from natural or desirable levels

Water quality is protected with a virtual absence of threat or impairment;

Excellent 93-100 conditions very close to natural or pristine levels
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Figure 3. Variations of BODs, COD, DO%, EC, Fecal Coliform, Ammonium, Nitrate, Phosphate, Total Hardness,
Turbidity, and pH at 9 stations along the river during two sampling seasons (winter vs. summer)
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Continued figure 3. Variations of BODs, COD, DO%, EC, Fecal Coliform, Ammonium, Nitrate, Phosphate, Total

Hardness, Turbidity, and pH at 9 stations along the river during two sampling seasons (winter vs. summer)
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Table 7. Descriptive equivalent of IRWQIsc index in nine sampling stations (season winter vs. season summer)

Stations IRWQIsc (winter) Descriptive class IRWQIsc (summer) Descriptive class

S1 71.8 Good 81.7 Good

S2 60.0 Relatively good 49.4 Medium

S3 60.6 Relatively good 47.1 Medium

S4 55.2 Relatively good 44.8 Relatively bad
S5 54.3 Medium 32.8 Relatively bad
S6 51.2 Medium 29.2 Bad

S7 52.1 Medium 24.9 Bad

S8 48.8 Medium 19.8 Bad

S9 53.2 Medium 12.7 Very bad
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Figure 4. Temporal-Spatial assessment of water quality based on IRWQI index; (A) winter and (B) summer
Table 8. Descriptive equivalent of NSFWQI index in nine sampling stations (season winter vs. season summer)
Stations NSFWOQI (winter) Descriptive class NSFWQI (summer) Descriptive class
S1 77.07 Good 71.07 Good
S2 69.8 Medium 56.48 Medium
S3 69.46 Medium 53.65 Medium
S4 68.37 Medium 49.73 Bad
S5 69.11 Medium 40.96 Bad
S6 56.76 Medium 38.49 Bad
S7 66.54 Medium 35.10 Bad
S8 63.61 Medium 31.37 Bad

S9 62.40 Medium 22.6 Very Bad
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Figure 5. Temporal-Spatial assessment of water quality based on NSFWQI index (A) winter and (B) summer
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Table 9. Descriptive equivalent of CCMEWQI index in nine sampling stations (season winter)

Stations F1 (Scope) F2 (Frequency) F3 (Amplitude) CCMEWQI Descriptive class

S1 0 0 0 100 Excellent
S2 20 20 25.25 78.11 Fair

S3 20 20 25.48 78.02 Fair

S4 10 10 23.08 84.37 Good

S5 20 20 74.18 54.16 Marginal
S6 30 30 62.02 56.61 Marginal
S7 20 20 84.28 48.67 Marginal
S8 20 20 83.16 49.28 Marginal
S9 20 20 75.18 53.62 Marginal

Table 10. Descriptive equivalent of CCMEWQI index in nine sampling stations (season summer)

Stations F1 (Scope) F2 (Frequency) F3 (Amplitude) CCMEWQI Descriptive class
S1 20 20 20.18 79.93 Fair
S2 40 40 71.75 47.24 Marginal
S3 40 40 73.96 46.24 Marginal
S4 50 50 75.74 40.17 Poor
S5 50 50 94.12 32.03 Poor
S6 60 60 934 27.14 Poor
S7 60 60 92.96 27.33 Poor
S8 80 80 94.77 14.78 Poor
S9 80 80 95.67 14.45 Poor
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Figure 6. Temporal-Spatial assessment of water quality based on CCMEWQI index (A) winter and (B) summer
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Table 11. Values of independent variables coded for summer

M x1 x2 x3 x4 x5 X6 x7 x8 x9 x10 x11

S1 -1 -0.95 -0.93 -0.91 -0.93 -0.92 -0.86 -0.8 -0.75 -0.71 -0.61
S2 0.72 -0.67 -0.67 -1 -0.78 -0.42 -0.38 -0.42 -0.38 -0.33 -0.38
S3 -1 -1 -0.99 -0.99 -0.98 -0.98 -0.98 -0.98 -0.88 -0.79 -0.73
S4 -1 -0.99 -0.97 -0.69 -0.43 -0.16 -0.19 -0.15 -0.09 -0.01 0.26
S5 -0.97 -0.95 -1 0.18 0.3 0.45 0.27 0.27 0.21 0.33 0.36
S6 -0.99 -0.9 -1 -0.91 -0.69 -0.78 -0.45 -0.49 0.31 0.93 0.79
S7 0.5 0.75 -1 0.75 0.25 0.5 0 1 -0.5 -0.5 0

S8 -1 -0.98 -0.91 -0.88 -0.88 -0.83 -0.81 -0.75 -0.7 -0.67 -0.64
S9 0.89 1 0.78 0.83 0.62 0.11 -0.12 -0.21 -0.39 -0.48 -0.54

Table 12. Values of independent variables coded for winter

M x1 x2 x3 x4 x5 X6 x7 x8 x9 x10 x11

S1 -1 -1 -0.94 -1 -0.94 -0.94 1 -0.94 -0.64 -0.94 -1
S2 0.5 1 -0.45 -0.87 -1 -0.6 -0.48 -0.37 -0.57 -0.35 -0.53
S3 -1 -1 -0.96 -0.98 -0.98 -0.81 -0.98 -1 1 -0.81 -0.98
S4 -1 -0.52 -1 -1 -1 1 -1 -0.47 -1 -0.77 -0.52
S5 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
S6 -0.88 1 -0.88 -1 -0.92 -0.48 -0.3 -0.13 -0.42 -0.15 -0.42
S7 0.84 -1 0.79 0.95 1 0.71 0.74 0.74 0.62 0.68 0.69
S8 -1 -1 -1 -1 -1 -1 1 -1 -0.73 -1 -1
S9 -0.71 -0.68 -0.55 -1 -0.8 -0.03 0.17 0.13 0.44 0.21 0.24
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Table 13. Parameter contribution percentages to quality index during summer

Parameters Participation Percentage
N -NO;y 28.09
Po, > 20.96
DO% 17.14
N - NH4* 16.87
COD 8.07
BOD 2.67
Turbidity 2.31
pH 1.56
Total Hardness 1.43
0.57

fecal coliforms 0.29
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Table 14. Parameter contribution percentages to quality index during winter

Parameters Participation Percentage
BOD 38.52
COD 25.47
Total Hardness 10.18
pH 7.46
Turbidity 5.15
fecal coliforms 5.03
DO0% 2.82
N - NH4" 2.73
N -NOy 1.32
Po, * 0.73
EC 0.52
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Figure 7. Parameter contributions to the water quality index during summer
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Figure 9. Predicted response values versus measured values, (A) winter and (B) summer
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