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Evaluation of Hablehroud River Water Quality
Using Iran Water Quality Index for Surface
Water Resources-Conventional Parameters

(IRWQIsc) and Response Surface Methodology
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Abstract

The purpose of this study is to evaluate the quality of the
Hablehroud river in Semnan based on the Iran Water Quality
Index for Surface Water Resources-Conventional Parameters
(IRWQIsc). Eleven parameters of COD, BODs, dissolved
oxygen, electrical conductivity, Fecal coliform, ammonium,
nitrate, phosphate, turbidity, total hardness, and pH were
monitored during four seasons from winter 2020 to autumn
2020 in three sampling stations; upstream of Bonkooh village
(A), downstream of the village (B) and Deh Sarab (C). The
highest value of IRWQIsc was 55.6 in Station A in summer
and the lowest value was 40.4 in Station B in winter. The water
quality of the river in Station A in summer was therefore better
than the other stations and other seasons. To investigate the
effect of each parameter on the water quality index and also to
investigate the interaction of the above-mentioned parameters,
the experiment was designed in the three studied stations in
summer by using the Design Expert software. First, the
parameters that had a greater effect on the IRWQIsc value were
screened by the Plackett-Burman method and then the RSM-
BBD method was used to analyze the data. The parameters of
EC, phosphate, nitrate, turbidity, and pH had the largest
contribution in the IRWQIsc with respective values of 51.61%,
23.13%, 14.44%, 3.17%, and 2.38%. The coefficient of
determination (R?) using the BBD method was 0.9982 which
indicates that the model is valid.

Keywords: IRWQIsc Index, Hablehroud,
Experiments (DOE), Plackett-Burman, RSM.
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Fig. 1- Locations of the Hablehroud river and the sampling stations
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Table 1- Geographical coordinates of the sampling stations located on the Hablehroud river
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Station Name

Geographical coordinates

A (upstream of Bonkooh village)

B (downstream of Bonkooh village)

C (Deh Sarab)

X=630995
Y=3908891

X=628811
Y=3907365

X=629479
Y=3905479
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Table 2- The parameters and their weight in the IRWQIsc index
IRWQIsC sl ;3 sl o359 9 03! 390 (g1 yiel )b - Y Jou

Number Parameter Unit Weight
1 FC MPN/100 mli 0.14
2 BODs mg/L 0.117
3 NOs~ mg/L 0.108
4 DO % Saturation 0.097
5 EC us/cm 0.096
6 COD mg/L 0.093
7 NH4* mg/L 0.09
8 PO mg/L 0.087
9 Turbidity NTU 0.062
10 Total Hardness mg CaCOs/L 0.059
11 pH - 0.051

Table 3- Water quality classification based on Iran Water Quality Index for Surface Water Resources-
Conventional Parameters (IRWQIsc)
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Table 4- Parameters and their levels in the Plackett-
Burman design

oyt —CSW b sly 53 bl Zolaw 9 b piio —-F Jgoa

Level
Parameter X ")
FC 210 240
BODs 6 7
Nitrate 2.206 2.368
DO 7.62 7.92
EC 1597 3830
COD 27 31
Ammonium 0 0
Phosphate 0.24 0.64
Turbidity 19.52 54.9
Total Hardness 350.30 530.46
pH 8.01 8.2
oy g -0

Juad jler (b 4829 ymmo Jgb 53 1 el Ol et Y -0
Pl 3IUT s polil 2 (515245900

b dgpale gy e Jobo 3 1) EC wlpss Al =Y S
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Olyss =Y S5 @y g5 b gy jexie YAV us/cm b V¥R
o] 53 4 Cod A ol 3 Jab Jloz (b > el
Jlade oS aad o L S5 ) ismed ol JiaST S i
3l e sl ,Ked oyl 93 jl yiin B oliuyl 3 EC
Iran ) coul Yo o+ ps/cm 55058 6,8 b o gl EC yzalyly
z -V 5 o -V s s (Water Quality Standard, 2016
YV Mg/L 5/COD s i3 o Ui |, BODs 4 COD &l i
Sy yaie Vo ME/L b 0 mg/L ;1 BODs ,lise 4 V+¥ mg/L b
sl a8 (505 ol 93 &y G A oSyl 13 COD &l s
sl e e 5 Sl byl 3 )il 3l BODs e )i
e ilsg) 3 lngale 5 o] (slaptunsss] codl jlaie 4,
390 4wy &S (Iran Water Quality Standard, 2016) cowl o
Sl Y5 3§ B g 555 3kl §) YL BODs il
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Fig. 2- Changes in EC, COD, BOD:s, nitrate, phosphate, ammonium, DO, total hardness, turbidity, and pH
along the Hablehroud River during the four sampling seasons
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Table 5- IRWQIsc index values and water quality of the Hablehroud river in all stations and in all seasons
Jgad dod g iomiw o] dod )3 39, dls 4ilsdy, ol Cuts 9 IRWQlsc (as s ydlie -0 Jous

Water Quality IRWQIsc Station Season
Relatively bad 41.3 A
Relatively bad 40.4 B Winter 98
Relatively bad 40.9 C
moderate 45.6 A
Relatively bad 38.3 B Spring 99
Relatively bad 41.8 C
Relatively good 55.6 A
moderate 48.2 B Summer 99
moderate 51.8 C
moderate 49.7 A
Relatively bad 41.3 B Autumn 99
moderate 47.3 C
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Fig. 3- Water quality maps of the Hablehroud river in the four seasons
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Fig. 4- Changes of IRWQIsc index along the Hablehroud river during the four sampling seasons

Table 6- Percentage of parameters contribution in water quality index by the Plackett-Burman design
ot SNy g, b alBag, Of (S (b L )3 B el €8 Ui oy —F Jou

Parameter % Contribution
EC 51.61
Phosphate 23.13
Nitrate 14.44
Turbidity 3.17
pH 2.38
FC 1.55
Total Hardness 1.02
BODs 0.79
COD 0.69
DO 0.43

=EC = Phosphate = Nitrate = Turbidity
= pH =FC = Total Hardness = BOD5
= COD = DO

Fig. 5- Diagram of the percentage of parameters contribution in water quality index by the Plackett-Burman
design
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Table 7- Analysis of variance (ANOVA) for water quality index of the Hablehroud river
59 4k 439, U S ad Wi gl (ANOVA) (il g 5JUT -V Jgua

Source Sum of Mean F p-value
Squares Square Value Prob > F
Model 688.55 20 3443 568.85 <0.0001 significant
A- EC 200.22 1 200.22 3308.32 <0.0001
B- Phosphate ~ 82.36 1 82.36 1360.78 < 0.0001
C- Nitrate 11772 1 117.72 1945.16 < 0.0001
D- Turbidity 35.7 1 35.7 589.89 < 0.0001
E- pH 2.56 1 2.56 42.3 < 0.0001
AB 0.16 1 0.16 2.64 0.1196
AC 2.00E-01 1 2.00E-01 3.35 0.0823
AD 0.063 1 0.063 1.03 0.3217
AE 1.00E-02 1 1.00E-02 0.17 0.6887
BC 6.30E-02 1 6.30E-02 1.03 0.3217
BD 2.30E-02 1 2.30E-02 0.37 0.5489
BE 2.50E-03 1 2.50E-03 0.041 0.841
CD 1.00E-02 1 1.00E-02 0.17 0.6887
CE 0 1 0 0 1
DE 2.50E-03 1 2.50E-03 0.041 0.841
A? 27.33 1 27.33 451.61 < 0.0001
B2 10.74 1 10.74 177.5 <0.0001
C? 19.03 1 19.03 3145 <0.0001
D? 7.16 1 7.16 118.35 <0.0001
E2 0.27 1 0.27 4.48 0.0471
Residual 1.21 20 0.061
Table 8- Software results for BBD design
BBD (yilejl >k sl yl38le 5 gl -A Jys
Std. Dev. 0.25 R-Squared 0.9982
Mean 43.69 Adj R-Squared 0.9965
CV.% 0.56 Adeq Precision 105.620

O S (s Ll oo 1 S (5l ol 5T —9-Y-0

(IRWQIsc)
5 JSs 5 IRWQIsc jlaie 2 pH g EC (sla ol lojon 5
Hhde EC il a8 aad oo lis IS5 ppl sl oaid odly LS
S amd e ol JS8 ol comizmen b e LialS IRWQIsc

e y> oS b i ol g 03g pS Jhew PH Sl
23, IRWQIsc

4 (p-value<0.05) wae (sl yiol)ly oliol j jl38le 5 oles dloleo

WSl e pj g
IRWQlsc = + 43.90 — 354 x EC — 227 x  (y)
POs — 2.71 x NOg — 1.49 x Turbidity — 0.4

x pH — 2.97 x EC” — 1.86 x PO~ + 2.48 x
NOs” + 1.52 x Turbidity 2 + 0.30 x pH 2
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1-Surface Water

2-Water Quality Index (WQI)

3-National Sanitation Foundation Water Quality Index
4-Oregon Water Quality Index

5-Canada Water Quality Index

6-lran Surface Water Resources Quality Index for
Conventional Pollutants

7-Design of Experiment
8-Plackett-Burman

9-Response Surface Methodology (RSM)
10-Box-Behnken Design

11-Electrical Conductivity

12-Chemical Oxygen Demand

13-Total Hardness

14-Ethylene Diamine Tetra-Acetic Acid
15-Biological Oxygen Demand
16-Turbidity

17-Dissolved Oxygen

18-Fecal Coliform

19-% Contribution

20-Coefficient of Variation
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