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Abstract  
Nowadays at the same time with population growth in urban areas, healthy potable 
water supply has become a challenge especially in  arid and semi-aris countries who 
intend to fulfil a sustainable development. Due to the increasing importance of water 
treatment and its key role throughout the world, improvement of water treatment plants 
is becoming more visible. In this research, the criteria and effective factors influencing 
the quantitative performance evaluation of three treatment plants were investigated 
using AHP approach.   The three treatment plants used in this study were selected from 
three provences in Iran including  Hamedan, Ilam and Kermanshah. The  model 
performance were quantitatively evaluated by using  the physical, chemical, and 
biological characteristics of effluent data. Model performance evaluation revealed that 
E. Coli; turbidity;  ammonia, nitrate and nitrite is most important microbilogical, 
physical, and chemical water quality parameters when assessing the performance of 
effluent quality of treatment plants. Based on the the evaluated results, the performance 
of treatment plants in Kermanshah was better than the other two treatment plants. It will 
also be equaliy important to indicate that if any of the treatment plants met the effluent 
standards set by the Iranian authorities. 
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Table 1. Physical properties of drinking water 

Row Property Desired value Allowed 
value Measurement unit 

1 Turbidity Less than or equal to 1 Less than 5 NTU
2 Color - Less than 15 TCU
3 Odor Maximum two units at 12o and maximum three units at 25o - TOC
4 pH 6.5-8.5 6.5-9 -
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Maximum allowed (mg/L) Maximum desired (mg/L) Unit Composition Row 

1500 1000 TDS Total Dissolved Solids 1
500 200 CaCO3Total hardness 2
400 250 ClChloride 3
400 250 SO4Sulfate 4

-0.05 H2SHydrogen sulfide 5
-0.3 Fe Iron 6

0.4 0.1 MnManganese 7
0.1-0.2 0.1 Al Aluminum 8

-3ZnZink 9
21Cu Copper 10 

50 -NO3Nitrate 11
3-NO2Nitrite 12 
-300 CaCalcium 13
-30 Mg Magnesium 14 
-1.5 NH3Ammonia 15

1.5 0.5 FFluoride 16 
200 200 NaSodium 17
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Table 3. Maximum allowed values of microbiological 

parameters in potable water 
Type of 
water 

Type of 
bacteria 

Maximum, of 
allowed in 100 ml 

Test method 

coliforms negative National 
standard 1011 

All of 
drinking 
waters 

E. Coli negative National 
standard 1011 

 HPC* Less than 200 
CFU/ml 

National 
standard 1011 

* Heterotrophic Plate Count 
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Table 4. The weighted average laboratory  results  obtained  during three months from Ilam, 

 Hamedan and Kermanshah treatment plants 
Hamedan KermanshahIlam

12 16.5 13.8 Temperature (oC) 
7.9 7.73 7.95 pH 
0.55 0.64 0.79 Turbidity (NTU) 

10.85 1Residual chlorine (mg/L) 
257HPC (CFU/mL) 

343 270 295 TDS (mg/L) 
0.35 0.08 0.3 Fluorine (mg/L) 
11 12 12.6 Chloride (mg/L) 

125 1783Sulfate (mg/L) 
896Nitrate (mg/L)  

0.002 00.008 Nitrite (mg/L) 
0.008 0.018 0.009 Phosphate (mg/L) 

68 8360Calcium (mg/L) 
21 917.5 Magnesium (mg/L) 
7.3 59.2 Sodium (mg/L) 
0.18 0.4 0.16 Potassium (mg/L) 
0.05 00.07 Iron (mg/L) 

0.002 00.01 Manganese (mg/L) 
256 240 220 Total hardness (mg/L)
126 210 136 Total alkalinity (mg/L) 
00.002 0Ammonia (mg/L) 

98.76 99.96 95.03 E. Coli (MPN/100 ml) 
0.0009 0.0001 0.00023 Coliforms (MPN/100 ml) 
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Table 5. Statistical analysis and variance analysis

Meaningful
difference

Average
differenceSigDegrees of

freedomVariance
The average

standard
deviation

Standard
deviationAverageNumber of

sampleHamedanKermanshahIlamProperty

114.100.008210.781.302.2614.1031216.513.8Temperature (oC)
17.860.0002118.040.060.117.8637.97.737.95pH
10.660.0129.420.070.120.6630.550.640.79Turbidity (NTU)

10.950.003219.000.050.080.95310.851Residual chlorine
(mg/L)

04.660.0823.211.452.514.673257HPC
1302.660.005214.1321.4137.09302.673343270295TDS (mg/L)
00.240.0922.930.080.140.2430.350.080.3Fluorine (mg/L)
111.860.002225.420.460.8011.873111212.6Chloride (mg/L)
075.0000.1422.3831.4354.4475.0031251783Sulfate (mg/L)
17.660.01328.690.881.527.673896Nitrate (mg/L)
00.0030.3021.380.0020.0040.0030.00200.008Nitrite (mg/L)
00.010.0623.660.0030.0060.0130.0080.0180.009Phosphate (mg/L)
170.330.009210.436.7411.6770.333688360Calcium (mg/L)

115.830.0424.443.566.1715.83321917.5Magnesium
(mg/L)

17.160.0225.901.212.107.1737.359.2Sodium (mg/L)
00.240.0823.200.070.130.2530.180.40.16Potassium (mg/L)
00.040.1921.920.020.030.0430.0500.07Iron (mg/L)
00.0040.3221.300.0030.0050.0030.00200.01Manganese(mg/L)

1238.660.002222.9110.4118.03238.673256240220Total hardness
(mg/L)

1157.330.0225.9326.4945.88157.333126210136Total alkalinity
(mg/L)

00.0010.4221.000.0010.0010.00300.0020Ammonia (mg/L)

199.860.00266.311.472.5597.86398.7699.9695.03
E. Coli
(MPN/100ml)

10.00040.0020.000250.000430.0004320.00090.00023
Coliforms
(MPN/100ml)
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Fig. 2. Schematic View of Modeling in Super Decision software 
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Table 6. Abbreviation signs of AHP components 

Property Abbreviation signs Property Abbreviation signs 

Physical PHY 

Turbidity (NTU) A1 
Residual chlorine 

(mg/L) 
A2 

 
pH A3 

Temperature (oC) A4 

Chemical CHE 

Ammonia (mg/L) A5 
Nitrate (mg/L) A6 
Nitrite (mg/L) A7 Abbreviation signs Selected options 
TDS (mg/L) A8 H Hamedan refineries 

Hardness (mg/L) A9 I Ilam refineries 
Alkalinity (mg/L) A10 K Kermanshah refineries 
Chloride (mg/L) A11 

Phosphate (mg/L) A12 
Sulfate (mg/L) A13 

Fluorine (mg/L) A14 
Iron (mg/L) A15 

Manganese (mg/L) A16 
Magnesium (mg/L) A17 

Calcium (mg/L) A18 
Sodium (mg/L) A19 

Potassium (mg/L) A20 

Microbiological MIC 
Coliforms A21 

E. Coli A22 
HPC A23 

��(6�1R�
I	 ����B��� (0 �� �
� 
��	 
�� (U7� 
Table 7. Paired comparisons of performance appraisal 
Criteria CHE MIC PHY priority CR*
CHE 1.00 0.65 0.91 0.28 

0.0007 MIC 1.52 1.00 1.36 0.41 
PHY 1.11 0.73 1.00 0.31 

* Consistecny Ratio 
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Table 8. Paired comparisons of microbiological 

parameters 

MIC EC-A21 LB-A22 HPC-A23 priority CR*
EC-A21 1.00 1.13 13.65 0.51 

0.0001 LB-A22 0.88 1.00 12.34 0.45 
HPC-A23 0.073 0.081 1.00 0.035 
* Consistecny Ratio 

��(6�1(B���G �
��#	� 
Y (U7� 3
R�
I	 
Table 9. Paired comparisons of physical parameters 

PHY A1 A2 A3 A4 priority CR* 

A1 1.00 1.56 2.08 11.35 0.45 

0.0003 
A2 0.64 1.00 1.34 7.27 0.29 
A3 0.48 0.74 1.00 5.37 0.22 
A4 0.08 0.13 0.18 1.00 0.04 

* Consistecny Ratio 
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Table 10. Paired comparisons of chemical parameters 

CHE A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 Priority CR* 

A5 1.00 1.23 1.11 1.25 1.42 1.66 1.75 1.88 2.34 2.08 2.22 2.43 2.68 2.85 5.26 8.60 0.112 

0.0032 

A6 0.81 1.00 1.30 1.12 1.28 1.54 1.58 1.70 1.80 1.87 2.40 3.04 2.25 2.57 4.50 9.00 0.105 

A7 0.90 0.77 1.00 1.12 1.28 1.50 1.58 1.70 1.80 1.87 2.54 4.43 2.32 2.57 4.50 9.00 0.106 

A8 0.80 0.89 0.89 1.00 1.14 1.39 1.40 1.50 1.60 1.66 1.77 1.77 2.34 2.28 4.51 8.20 0.09 

A9 0.70 0.78 0.78 0.88 1.00 1.16 1.23 1.32 1.40 1.46 1.55 1.55 1.75 2.45 3.50 6.87 0.078 

A10 0.60 0.65 0.67 0.72 0.86 1.00 1.05 1.13 1.20 1.25 1.33 1.33 1.50 1.71 2.84 6.80 0.066 

A11 0.57 0.63 0.63 0.71 0.81 0.95 1.00 1.07 1.14 1.18 1.26 2.65 1.42 1.63 2.85 7.54 0.068 

A12 0.53 0.59 0.59 0.67 0.76 0.88 0.93 1.00 1.06 1.10 1.17 1.49 1.32 1.51 2.65 5.32 0.059 

A13 0.43 0.56 0.56 0.63 0.71 0.83 0.88 0.94 1.00 1.04 1.11 1.13 1.25 1.43 2.50 4.92 0.055 

A14 0.48 0.53 0.53 0.60 0.68 0.80 0.85 0.91 0.96 1.00 1.03 1.34 1.20 1.37 2.40 4.80 0.054 

A15 0.45 0.42 0.39 0.56 0.65 0.75 0.79 0.85 0.90 0.97 1.00 1.32 1.34 1.28 2.25 4.43 0.05 

A16 0.41 0.33 0.23 0.56 0.65 0.75 0.38 0.67 0.88 0.75 0.76 1.00 1.12 1.32 2.25 4.56 0.043 

A17 0.37 0.44 0.43 0.43 0.57 0.67 0.70 0.76 0.80 0.83 0.75 0.89 1.00 1.14 2.87 4.12 0.044 

A18 0.35 0.39 0.39 0.44 0.41 0.58 0.61 0.66 0.70 0.73 0.78 0.76 0.88 1.00 1.75 3.65 0.038 

A19 0.19 0.22 0.22 0.22 0.29 0.35 0.35 0.38 0.40 0.42 0.44 0.44 0.35 0.57 1.00 2.80 0.022 

A20 0.12 0.11 0.11 0.12 0.15 0.15 0.13 0.19 0.20 0.21 0.23 0.22 0.24 0.27 0.36 1.00 0.011 

* Consistency Ratio 
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Table 11. Standard documentation for investigating the drinking water quality evaluation 
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Table 12. Modified standard compared with the 
standard values 

The modified for 
model (LM)

The standard 
value ( L0)

Criteria 
examined

lL0-7l 7pH

lL0-12l 
12 Temperature 

(oC) 
100- L0100 E. Coli 
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*
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���`
� %
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�� �V�� �,
*

 .=, ��  ��. +]�� 7 ��=�� �� �� =�� J���� �� 7 � �� 47=U)��(.

"1T1�(� $�%� =GW 

0 �� d$� 7�  � 4=	( 
F�
0
, ��=����8� 7�0
R5 T�� ��	 -

	���d ��..-G�F ��� ��  ��� 3 �C  � �	 d�$� 7�(��� �����

#,�.��2 �
�#0� TC
5 u

Property Drinking water quality standards 

Turbidity (NTU) A1As it gets closer to zero, the condition will be better. 
Residual chlorine (mg/L) A2 Condition is  more better from 0.8 to 1.2 mg/L 

pH A3As it gets closer to seven, the condition will be better.

Temperature (oC) A4 
Best conditions are between 10 to 12 oC.  As it gets closer to 
12, the condition will be better. 

Ammonia (mg/L) A5As it gets closer to zero, the condition will be better.
Nitrate (mg/L) A6 It is better to be lower. And the standard is under 50. 
Nitrite (mg/L) A7It is better to be lower. 
TDS (mg/L) A8 Condition under 500 mg/l is desired.  

hardness (mg/L)A9 Condition is  more better from 200 to 250 mg/L 

Alkalinity (mg/L) A10 
We expected less than 200 mg/l for drinking water. If it gets 
higher than that it is not economic at all.   

Chloride (mg/L) A11 Max of the amount in between 200 to 300 mg/L 
Phosphate (mg/L) A12 It is better to be lower

Sulfate (mg/L) A13 Under 250 mg/l bad taste gets in to its minimum.  
Fluorine (mg/L) A14 It must be lower than 1.2 mg/L 

Iron (mg/L) A15 
Best conditions are lower than 0.1 mg/L
Maximum is lower than 0.3 mg/L

Manganese (mg/L) A16 As it gets lower, the condition will be better.
Magnesium (mg/L) A17 Best conditions are in 50 mg/L Maximum is in 150 mg/L

Calcium (mg/L) A18 
Best conditions are in 75 mg/L
Maximum is in 250 mg/L

Sodium (mg/L) A19 
Best conditions are in 250 mg/L
Maximum is in 400 mg/L

Potassium (mg/L) A20 In drinking water, the amount of it is between 200 to 300 mg/L 
Coliforms (MPN/100 mL) A21 The amount of it must be negative.  

E. Coli (MPN/100 mL) A22 The amount of it must be negative.

HPC (CFU/mL) 
A23 

As it gets lower, the condition will be better. The standard of it 
is mentioned in table 3.  
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Table 13. Input model parameters for selected water treatment plants 

Property 
Abbreviation 

signs
Property 

Abbreviation 
signs 

Hamedan Ilam Kermanshah 

Physical PHY 

Turbidity (NTU) A1 0.55 0.79 0.64 
Residual chlorine (mg/L) A2 1 1 0.85 

pH A3 0.9 0.95 0.73 
Temperature (oC) A4 0 1.8 4.5 

Chemical CHE 

Ammonia (mg/L) A5 0 0 0.002 
Nitrate (mg/L) A6 8 6 9
Nitrite (mg/L) A7 0.002 0.008 0
TDS (mg/L) A8 343 295 270 

Hardness (mg/L) A9 256 220 240 
Alkalinity (mg/L) A10 126 136 210 
Chloride (mg/L) A11 11 12.6 12 

Phosphate (mg/L) A12 0.008 0.009 0.018 
Sulfate (mg/L) A13 125 83 17 

Fluorine (mg/L) A14 0.35 0.3 0.08 
Iron (mg/L) A15 0.05 0.07 0

Manganese (mg/L) A16 0.002 0.01 0
Magnesium (mg/L) A17 21 17.5 9

Calcium (mg/L) A18 68 60 83 
Sodium (mg/L) A19 7.3 9.2 5

Potassium (mg/L) A20 0.18 0.16 0.4 

Microbiological MIC 
Coliforms (MPN/100mL) A21 0.0009 0.00023 0.0001 

E. Coli (MPN/100mL) A22 1.33 4.97 0.04 
HPC (CFU/mL) A23 2 7 5 

��(6�B1�� (����	 ��R�0 T��8� 4=	 (U7�* u�
#, ��=� 3 �C 
Table 14. Results of AHP model output 

Idealized NormalizedRawTreatment plant
0.521 0.215 0.1075 Kermanshah 
0.903 0.372 0.1863 Hamedan 
1.00 0.412 0.2062 Ilam 

��(6�E1(U7� 3
R�
I	 � 
F�
0
, J���H 
Table 15. Conflict Coefficients of paired comparisons 
Paired comparison Table number Conflict 

Coefficients 
Performance appraisal 4-7 0.0007 
Microbiological 
parameters 

4-8 
0.0001 

Physical parameters 4-9 0.0003 
Chemical parameters 4-10 0.0032 
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Fig. 3. Sensitivity analysis of model output based on 
selected options using E.Coli as a parameter 
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Fig. 4. Sensitivity analysis based on paired comparison 
of using E. coli parameter from Ilam and Hamedan 
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Table 16. The results of final model output 

Property Coefficients(1) Criterion Coefficients(2) Model output

PHY 
0.31 A1 0.45 0.139
0.31 A2 0.29 0.089
0.31 A3 0.22 0.068
0.31 A4 0.04 0.012

CHE 

0.28 A5 0.112 0.031
0.28 A6 0.105 0.029
0.28 A7 0.106 0.029
0.28 A8 0.09 0.025
0.28 A9 0.078 0.021
0.28 A10 0.066 0.018
0.28 A11 0.068 0.019
0.28 A12 0.059 0.016
0.28 A13 0.055 0.015
0.28 A14 0.054 0.015
0.28 A15 0.05 0.014
0.28 A16 0.043 0.012
0.28 A17 0.044 0.012
0.28 A18 0.038 0.010
0.28 A19 0.022 0.006
0.28 A20 0.011 0.003

MIC 
0.41 A21 0.51 0.209
0.41 A22 0.45 0.184
0.41 A23 0.035 0.014

��(6��1(0 �� � �	 �
� 
��	 �=�� -��D7� 
Table 17. Prioritizing of performance measures 

Proritize Ceriterion 
Resulting 

value 
1 A21 0.209 
2 A22 0.184 
3 A1 0.144 
4 A2 0.092 
5 A3 0.070 
6 A5 0.031 
7 A7 0.029 
8 A6 0.029 
9 A8 0.025 
10 A9 0.021 
11 A11 0.019 
12 A10 0.018 
13 A12 0.016 
14 A13 0.015 
15 A14 0.015 
16 A23 0.014 
17 A15 0.014 
18 A4 0.012 
19 A17 0.012 
20 A16 0.012 
21 A18 0.010 
22 A19 0.006 
23 A20 0.003 
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L=0.2091A21+0.1845A22+0.144A1+0.0928A2+ 
0.0143A23+0.0704A3+0.0128A4+ .0313A5+0.0296A7 

+0.0294A6+ 0. 0294A8 + 0.0218A9+ 0.019A11 
+0.0184A10 + 0.0165A12 + 0.0154A13 + 0.0151A14 +
0.014A15 + 0.0123A17 + 0.012A16 + 0.0106A18+ 

0.0061A19 + 0.0030A20  )�(
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L=0.2091(100-EC)+ 0.1845A22+0.144A1+ 
0.0928A2 + 0.0143A23 + 0.0704 ([PH-7]) + 0.0128([T-
12]) + 0.0313A5 + 0.0296A7 + 0.0294A6+0. 0294A8 +
0.0218A9 + 0.019A11 + 0.0184A10 + 0.0165A12 + 
0.0154A13 + 0.0151A14 + 0.014A15 + 0.0123A17 + 
0.012A16 + 0.0106A18+ 0.0061A19+0.0030A20  )�(
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