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Figure 1. Location of the haraz river and sampling stations
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Table 1. Geographical coordinates of sampling stations

Station Longitude Latitude
(degrees-minutes-seconds) (degrees-minutes-seconds)
S1 52° 03’ 22" 35° 50’ 51"
S2 52° 04’ 46" 35° 50" 47"
S3 52° 11'52" 35° 53'16"”
S4 52° 16’ 52" 35° 59 42"
S5 520 207 23" 36° 08'12"
S6 520 22'14" 36° 14'27"
S7 52° 21'10"” 36° 26' 00"
S8 520 22' 07" 36° 29'25"
S9 52° 26’ 35" 36° 40' 24"
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Table 2. Weights of parameters in the IRWQIsc index

Parameters Unit Weight
Fecal coliform MPN/100ml 0.14
BODS5 mg/1 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/l 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
] 15299
Relatively bad 30-44.9
Medium 45-55
Relatively good 55.1-70
Good _ 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
BOD5 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
Good 70.1-90
Excellent 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
Poor 0-44.9 usually depart from natural or desirable levels
. water quality is frequently threatened or impaired; conditions often
Marginal 45-64.9 depart from natural or desirable levels from natural or desirable levels
. water quality is usually protected but occasionally threatened or
Fair 65-79.9 impaired, conditions sometimes depart from natural or desirable levels
water quality is protected with only a minor degree of threat or
Good 80-94.9 . q i .
impairment; conditions rarely depart from natural or desirable levels
Excellent 95-100 water quality is protected with a virtual absence of threat or

impairment; 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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Table7. 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 NSFWQI(winter) Descriptive class NSFWQI(summer)  Descriptive class

S1 71.07 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

Sé 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 93.4 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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Tablel1. Values of independent variables coded for summer

x11 x10 x9 x8 x7 x6 x5 x4 x3 x2 x1 Parameters
Stations
-0.61 -0.71 -0.75 -0.8 -0.86 -0.92 -0.93 -0.91 -0.93 -0.95 -1 S1
-0.38 -0.33 -0.38 -0.42 -0.38 -0.42 -0.78 -1 -0.67 -0.67 0.72 S2
-0.73 -0.79 -0.88 -0.98 -0.98 -0.98 -0.98 -0.99 -0.99 -1 -1 S3
0.26 -0.01 -0.09 -0.15 -0.19 -0.16 -0.43 -0.69 -0.97 -0.99 -1 S4
0.36 0.33 0.21 0.27 0.27 0.45 0.3 0.18 -1 -0.95 -0.97 S5
0.79 0.93 0.31 -0.49 -0.45 -0.78 -0.69 -0.91 -1 -0.9 -0.99 S6
0 -0.5 -0.5 1 0 0.5 0.25 0.75 -1 0.75 0.5 S7
-0.64 -0.67 -0.7 -0.75 -0.81 -0.83 -0.88 -0.88 -0.91 -0.98 -1 S8
-0.54 -0.48 -0.39 -0.21 -0.12 0.11 0.62 0.83 0.78 1 0.89 S9
Tablel2. Values of independent variables coded for winter
x11 x10 x9 x8 x7 x6 x5 x4 x3 x2 x1 Parameters
Stations

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

Parameters Participation Percentage
N-NOs 28.09
Pos > 20.96
DO% 17.14
N - NHs" 16.87
COD 8.07
BOD 2.67
Turbidity 2.31
pH 1.56
Total Hardness 1.43
EC 0.57
fecal coliforms 0.29

Table14. 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
DO% 2.82

N - NHs* 2.73
N-NOs 1.32
Pos* 0.73

EC 0.52
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Figure7. Parameter contributions to the water quality index during summer
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IRWQIsc = 71.7 — 0.1BOD + 0.16COD + 0.4DO + 0.002EC + 0.00006Fecal coliform
+ 18.32NH} — 1.52N0O3* — 15.31P03~ — 0.01Total hardness (VW aba,
— 0.002NTU — 3.13pH

IRWQIsc = 38.23 — 2.58BOD + 0.77COD + 0.1DO + 0.0008EC — 0.001Fecal coliform
— 3.48NH} + 0.166N03* — 73.53P03~ — 0.046Total hardness OA dail,
—0.01NTU + 3.11pH
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1.Water Quality Indices
2.Principle Component Analysis
3.National Sanitation Foundation Water Quality Index
4.Canadian Council of Ministers of Environment Water Quality Index
5.Canadian Water Quality Guidelines
6. Response Surface Methodology
7.Iran Water Quality Index
8.Weighted Arithmetic Water Quality Index
9. Design Of Experiment
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