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Introduction

Nowadays, due to the expansion of urbanization, the emergence of various industries and the
increase in the level of social well-being, irreparable damage has been caused to the environment,
including the loss of forests and rangelands, the discharge of urban and industrial wastewater into
rivers and seas, and the lack of drinking water resources pointed out that it has caused problems for
humans (Zhang et al., 2010). In terms of quantity and quality, water is one of the most important and
vital parts of any ecosystem and affects all its aspects. Reducing the amount of water flow and its
guality have important negative effects on the ecosystem and its organisms. Therefore, determining
the flow regime and water quality of the river is an important factor determining the health of the
river (Razzaghi Rezaieh et al., 2017). Water quality indicators (WQI) are one of the best and easiest
ways to determine the status and conditions of water quality, which determine the quality
characteristics of water without statistical and mathematical complications; used for quality and
necessary decisions. (Hassan Khan et al., 2011).

Zamani et al. (2020) investigated the water quality of Beheshtabad river using the Liou pollution
index measured along the river at 7 selected stations during six months. The results showed that the
Liou pollution index was in a good quality range and the parameters were within the standard range.
All three indicators were within the good quality of water in the study area.

Methodology

In the current research, to analyze the water quality characteristic of Karoon River in Bavi
county, the methods of NSFWQI and IRWQIsc quality indicators of Liou pollution index were used
and evaluated.

NSFWQI ,IRWQIsc and Liou INDEX
Equation (1) was used to calculate the NSFWQI index. This index It is based on 9 parameters
such as: BOD, DO, nitrate, total phosphate, temperature change, turbidity, total solids, pH, and Fecal
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Coliform. (Shokohi and Bahmani, 2021). In this equation, W; is the weight parameter, Q; is the
quality parameters and n is the number of calculation parameters of this index and it is classified
according to table (1). Equation (2) was used to calculate the IRWQIsc index based on 11
parameters. In this index, each parameter has a specific weight, and the value of each index for each
parameter is obtained using its ranking curve, and the Landa value is equal to the sum of the weights

(Table2) (Radwanc et al, 2019).
NSFWQI=X7_, Wi Qi

IRWQIsc = (1Y) 1/2

1)
)

Table 1- National Sanitation Foundation Water Quality Index (Mohseni Bandpey et al., 2014)

Parameters Coluors Value Rank
great blue 90-100 |
good green 70-90 I
medium yellow 50-70 Il
bad orange 25-50 v
Very bad red 0-25 \Y
Table 2- Classification of surface water quality of Iran based on IRWQIsc index (Mazlomi et al., 2023)

Parameters Values

Great 85-100

Good 70-85

Relatively good 55-70

Medium 45-55

Relatively bad 30-45

Bad 15-30

Very bad 0-15

The Taiwan Environmental Protection Agency has used this index as water quality data to classify
stations in order to check water quality. In equation 3, S; is the index score for classification of
pollution Table (3) and its average value is checked with four parameters (Liou and et al. 2003).

RPI=1/4¥%_, Si

©)

Table 3- - Parameters and classification of River Pollution Index (Aminpour Shiani et al., 2016)

Parameters A
No pollution Undeniable Moderate High
pollution pollution pollution

DO >6.5 4.6-6.5 2-4.5 <2
BOD <3 3-4.9 5-15 >15
TDS <0.5 0.5-0.99 1-3 >3

NH4 <20 20-49 50-100 >100
Index score Si 1 3 6 10
Value RPI 2> 2-3 3.1-6 >6

Interpolation

ArcGIS 10.3 software and the weighted interpolation technique were used to create a spatial
distribution map for measuring water quality, enabling estimation at other points with known
coordinates. Inverse Distance Weighted (IDW) interpolation methods have been used (Equation 4)
and its validation was investigated by using equation (5).



109
Comparative evaluation of ... Vol. 47, No. 3, 2024

L) z(x) == (@)

1 YN (Xi_x.)?
RMSE = /# (5)

Results and Discussion

According to the Table (4), the values of the measured indicators showed that the highest and
lowest values of the NSFWQI index were in November and February respectively; on average, it is
placed in the average quality ranking with a value of 55. One of the most important reasons for the
reduction of this index is the presence of water pumping stations of Ramin power plant and Yadgar
Imam power plant to the river, which increases the pollution of this part of the river. In addition,
according to the IRWQIsc index, the water quality of the Karoon River was the lowest value in
September with average quality, and relatively good quality in August. Total hardness and high
dissolved oxygen were ranked in the worst water quality. It is also ranked as average. Based on the
LIOU pollution index, it will be more able to moderate pollution than the NSFWQI index based on
Table(3). Based on this index, in July with a value of 3.8, it is relatively polluted and in October with
a value of 5.1, it is also ranked as relatively polluted. Due to the presence of agricultural and
industrial wastewater along the Karoon river, of the lack of high quality for drinking was verified and
needs to be purified. The IDW interpolation method was found to be more accurate in estimating
data. The NSFWQI index showed the highest quality of water at Kot Sayed Sultan, while the Liou
index indicated medium pollution at Zargan and Ramin power plant. The IRWQIsc index showed the
highest quality of water at Kot Seyed Sultan, while the green index indicated average quality at
Ramin power plant. These results suggest the IDW method is more accurate in estimating water
quality (Figurel).

Table 4-the numerical value of indices in Karoon river
Index Apr May Jun Jul Aug Sepr Oct Nov Dec Jan Feb Mar
Liou 41 4 4.3 38 39 43 5 3.9 41 43 38 41
IRWQIsc 58 54 56.7 57.7 617 489 492 57 542 55.1 54 49.9
NSFWQI 585 589 544 56,7 59.2 553 541 595 534 53 471 50
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Fig 1- Monthly chart of water quality change

Conclusion

In the current research, using quality indicators and water pollution as the most important water
guality indicators,the water quality of the Karoon River was ananlyzed.Due to the fact that many
studies and researches have not been done to investigate the water quality of Iranian rivers in terms
of quality grading, the use of NSFWQI, IRWQI and Liou techniques are suitable as simple methods
for the initial knowledge of river quality and can be used by managers and engineers for quality
protection planning. Regular monitoring of rivers in a targeted manner planning and appropriate
design and then grading it with the method of qualitative indicators provide the possibility of access
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to changes and qualitative developments and predicting pollution reduction measures in the river
catchment area for managers and officials.
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Table 1- Method of measured parameters

parameters Method
DO Do meter
PO,® NO, Spectrophotometer
BOD, pH pH meter, Weight difference
TSS Weighing method
Fecal coliform MPN
Temperature Mercury Therommeter
Turbidity Turbidity meter
EC EC meter
NH," Spectrophotometer
COoD Titration
Total Hardness Titration
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Table 2- Required parameters and selected weight for calculating NSFWQI (Kumar et al., 2014) and
IRWQIsc index (Mazlomi et al., 2023)

INDEX PO,° DO BOD COD pH TSS FC TH NH,” EC TUR TEM NO,
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Table 4- Classification of surface water quality of Iran based on IRWQIsc index
(Mazlomi et al., 2023)
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Table 5- Parameters and classification of River Pollution Index (Aminpour Shiani et al., 2016)

Parameters ; A

No pollution Undeniable Moderate High

pollution pollution pollution

DO >6.5 4.6-6.5 2-4.5 <2

BOD <3 3-4.9 5-15 >15

TDS <0.5 0.5-0.99 1-3 >3

NH,4 <20 20-49 50-100 >100
Points of “i” (S;) 1 3 6 10
RPI <2 2-3 3.1-6 >6
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Table 6- Descriptive equivalent of the calculated index (Hernandez et al., 2012)

Target parameters value
Drink, Industry, Irrigation Great 0-25
Drink, Industry, Irrigation Good 26-50
Industry, Irrigation Medium 51-75
Irrigation Bad 76-100

B 5ol 367 s - Jguer
Table 7- Parameter analysis results

Parameters Apr  May June Jul Aug Sep Oct Nov Des Jan Feb Mar

BOD 15+ 21+1. 24+#1. 18+l 19+0 1.4+0. 070 24+1 15+1. 22+l 21+1 28#1
08 2 1 2 .6 7 8 4 3 .3

COD 117 9.9+4. 102+ 129+5 125+ 358+ 203+ 164+ 112+ 144+ 175+ 16.3%
6.7 3 3.8 2 25 41.6 8.9 7.4 31 6.6 2.9 53

DO (%) 708 827+ 707+ 703+1 70.7+ 628+ 63.6+ 86.8+ 631+ 56.8+ 625+ 66.5*
+17. 232% 352% 0.6% 1.1% 18.8% 193 20.6% 14.1% 9.4% 6.8% 9.9%

3% %

EC 166  1243.1 1569.7 2562.7 1832. 4310.2 4335 2971. 2315. 1613.6 2270. 1876
5.3+ #433. +873. #1134, 9451 #2530 +475 6+140 5£126 #416. 8466  *,557
751. 3 7 8 9 7 3 7 6 4 8
1

FC 939 1011 1164 1783+ 259.1 2511 134+ 1845 1239 59.7+ 196.1 172%
+55. 701 +741 693 +134. 225 66.2 +75.7 +46.3 218 +44 44.2
3 2

NH, 0.9+ 0.7#0. 1.1+0. 05+0. 050 0.7#0. 1.7#1 0.6#0. 0.6+0. 0.5+0. 0.5+0 0.6%0
05 2 7 2 1 4 4 2 2 1 A 2

NO3 1.3+ 1.2+0. 1.2#0. 1.9+0. 0.7+0 15+0. 22+0 1.2+0. 24+0. 3.2+1. 2+03 2.7#0
09 9 6 8 .6 4 4 8 8 4 3

PO, 0.2+ 0.3#0. 0.2+0. 0.2#0. 0.1+0 0.3+0. 0.2#¢0 0.2#0. 0.2#0. 0.1+0. 0.1+0 0.1+0
01 1 1 3 1 1 1 1 1 3

TH 499. 4255  409.7 4645+ 4659 8405 990+ 699+2 585. 464.2 422+ 5118
5+1 +965 172,  116.3 +97.7 %367 701.4 205 6+170 +123. 553 +89
55.1 9 1

Tur 176. 1756  38.6+ 23.4+1 285+ 498+ 592+ 317+ 63.6+ 1059 628+ 1753
71 *181. 385 3.6 20 47.4 82.1 16.5 60.1 +85.6 543 +40
829 8

pH 7.8+ 8.0£0. 6.6+2. 7.8+0. 79+0 8+03 75+0 7.7#1 8+15 7.5+0. 7.5+0 7.5+0
04 6 7 5 2 2 6.5 2 2 2

TEM 225 25+4. 281+ 259+#3 289+ 253+ 273+ 221+ 19+0. 188+ 174+ 205+
22 6 1.8 3.5 0.5 2.2 14 9 8.6 11 2.6

TSS 709. 4595 688.1  939+4 739.8 11213 1071. 9413 987.3 7446 1043. 849+
53 #1751 £395. 00.9 +163.  +803. 341 £375. 705 +335 2435 283.9
371 .1 5 1 1 2 9 8

(am8lis Oludd B O 53 3) Og 5 dilsag) 1o b asls (sous Hlude —A Jeu>
Table 8- Numerical value of indices in Karoon river (From Zergan to Anafcheh village)

Index  Apr May  Jun Jul  Aug Sepr Oct November Des Jan Feb Mar
Liou 42 4.1 4.3 3.8 4 4.3 51 3.9 4.1 44 39 41
IRWQIsc 58 54 56.7 57.7 617 489 492 57 54.2 551 54 49.9
NSFWQI  58.5 589 544 56.7 595 553 541 59.2 534 53 471 50
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Table-9 Root Mean Squared Error (RMSE) value of parameters

Parameters NSFWOQI
RMSE 1.65

IRWQI LIOU
1.73 1.66
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Fig. 3- Zoning of water quality changes based on indicators
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