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Abstract  
Monitoring the quality of rivers entering the Caspian Sea can play a key role in planning to 
preserve and manage the health of aquatic organisms. Mazandaran province has several rivers 
flowing into the Caspian Sea. Hence, the quality of 28 estuaries along the coasts of Mazandaran 
province were investigated in the present study using water quality indexes. Method: Water 
sampling from 28 estuaries was performed and physicochemical parameters were measured 
including dissolved oxygen, pH, fecal coliform, chemical oxygen demand, biochemical oxygen 
demand, phosphate, nitrate, ammonia, total dissolved solids, total suspended solids, total solids, 
bisphenol A and nonylphenol. Then, the water quality was evaluated through NSFWQI, 
IRWQISC, and Liou indexes. Ranges of 1.99-18.94 mg/L and 3-12.42 mg/L were obtained in 
Kazemrood, Tajan, Alamkola, Kelayebon, Mahmoodabad, Talarood and Noshahr estuaries for 
BAP and in Chalakrood, Espirood, Chaloos, Alamkola, Fereidonkenar and Mashalakrood 
estuaries for NP, respectively. Results illustrated, a few rivers have high quality according to 
IRWQISC index. While, with the NSFWQI, IRWQISC and Liou index classification, a high 
number of rivers, especially Sorkhrood, Tonekabon, Noor, Mahmoodabad and Tajan were 
placed in the worst quality categories. The urban and agricultural row wastewaters surrounding 
the Mazandaran Province Rivers are the main reasons for the decreasing water quality. Studies 
should be undertaken on wastewater treatment and riparian ecological rivers to improve the 
water quality of the mentioned rivers. 

Keywords: Caspian Sea, IRWQISC, NSFWQI, Liou, Bisphenol A, Nonyl Phenol, Quality 
Index. 
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1 Biological Oxygen Demand (BOD) 
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4 Water Quality Criteria (WQI) 
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�I��% $�.�DSS �� ���4(��(APHA, 1998) .

5353V�* W!!E9 � D;
!�!� 8!�
/�DBPA �NP 
���	� !��	���� Q-� ��]���	�SU q�#(	�� !�	� BPA -NP 

.�� ���4(�� '���� '� [�==uf$@�� ��@� 6�0 i) '� ?��� ���"
uff $@�� >	5 �	= - �	� '	(#�� ��

���� k�2 �� F% '0.�0 �� (�;

 '	� �.	@G� y�	� .�� ��� ?" �6�0 >��� 7�� h	�.= ��	�% �	��
�= �6����@����� pH  �����U!��	�� 	� '	� .�#(	�� �.	W
�q�

BPA -NP �		� ��		�" ��		� j.		@#� '		0.�0 ���		I= ��		� -� $		/ �uf
@��		$(�;	!� @�		(�� 7�(�-	� ��	'+��u�y�� - 'b�2�	'W
�	�.

8 Total Dissolved Solid (TDS) 
9 Total Suspended Solid (TSS) 
10 Total Solid (TS) 
11 American Public Health Association (APHA) 
12 Liquid- Liquid 
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Table 1. River selected for sampling 

Number Station Longitude Latitude Land use 
1 Chaboksar 36º58´25.95˝ N 50º34´48.94˝ E Agricultural and Residential 
2 Kelayebon 36º52´48˝ N 50º45´15.03˝ E Agricultural and Residential 
3 Chalakrood 36º52´22.88˝ N 50º46´20.10˝ E Agricultural and Residential 
4 Shirood 36º51´18.4˝ N 50º47´58˝ E Agricultural and Residential 
5 Tonekabon 36º49´08.1˝ N 50º52´55.3˝ E Residential 
6 Azarood 36º45´23.53˝ N 51º00´41.41˝ E Agricultural and Residential 
7 Nashtarood 36º45´0. 5˝ N 51º01´32.55˝ E Agricultural and Residential 
8 Kazemrood 36º43´50.1˝ N 51º05´41.3˝ E Agricultural and Residential 
9 Asbcheen 36º43´04.46˝ N 51º09´25.89˝ E Agricultural and Residential 
10 Talarood 36º42´07˝ N 51º14´51.6˝ E Agricultural and Residential 
11 Espirood 36º41´44.96˝ N 51º16´58.77˝ E Agricultural and Residential 
12 Namakabrood 36º58´25.95˝ N 50º34´48.94˝ E Agricultural and Residential 
13 Sardabrood 36º41´08.7˝ N 51º23´53.1˝ E Agricultural and woodsy 
14 Chaloosood 36º39´12.16˝ N 51º27´46.85˝ E Agricultural and Residential 
15 Noshahr 36º39´04.84˝ N 51º30´43.87˝ E Agricultural and Residential 
16 Mashalakrood 36º39´02.63˝ N 51º30´56.02˝ E Residential 
17 Khiroorrood 36º37´41.22˝ N 51º34´51.93˝ E Agricultural and Residential 
18 Alamkola 36º34´06.4˝ N 51º53´59.3˝ E Agricultural and Residential 
19 Royan 36º34´18.36˝ N 51º57´50.50˝ E Agricultural and Residential 
20 Noor 36º34´41.83˝ N 52º01´12.62˝ E Agricultural and Residential 
21 Tajan 36º48´11.6˝ N 53º06´56.39˝ E Agricultural and Residential 
22 Siahrood 36º46´15.73˝ N 52º58´13.38˝ E Agricultural and Residential 
23 Ghaemshahr 36º43´21.13˝ N 52º44´43.36˝ E Agricultural and Residential 
24 Babolsar 36º42´1.2˝ N 52º38´35.9˝ E Agricultural and Residential 
25 Fereidoonkenar 36º41´14.52˝ N 52º30´58.84˝ E Agricultural and Residential 
26 Sorkhrood 36º40´26. 5˝ N 52º26´37.2˝ E Agricultural and Residential 
27 Mahmoodabad 36º38´01.38˝ N 52º15´33.58˝ E Agricultural and Residential 
28 Izadshahr 36º36´11.84˝ N 52º08´50.26˝ E Agricultural and Residential 

Fig. 1. Geographical position of studied area, Mazandaran province 
<=�&3$�����<� ���2.�7���0��� 7�(�� �'�;�9� ��.� 'b9
� 
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FL results
Name Retention time Area Area % Height Width

Bisphenol A
Nonylphenol

4.000
6.667

2320
24248

0.95
99.05

494
10545

0.17
1.03

Total 244800 100.00 11039

Fig. 2. Chromatograph of BPA and NP in one sample 
 <=�(37.� ��).=��-� !�"BPA -NP '0.�0 �� $I� ���"

'� $;% - $�% ��� !������ +��Sf'� 'b�2� '	� -� - ���	� +�.,
 ���4(	�� �	� ��� q�#(�� �d5 �� �.�.� F% .�� '(��� ':0 ����J

 �O	5 ?��� +�4;.� �����0� �� �	� ��	

��#1= ��:(	�� h	�.= -
���	� .�� 6*  7^-(�0 ��) �7% ��10� '� - ��-� ��	0���2�� 6	* 

$@�� 6� �� ���4(�� �� $@�� 6� - �.0�(� (�; '	� �7��:" (�; [	�==
��� ����= !�� $��	��
� !�	� y�	� .�	� >	5 +�1��= $4�� - $

!��) ��).=��-� ��:(�� '� �W0�� +�1��=]k�/ o
� $	��S

����0� !�� -��� !�) $����	� �	� ���	� $��).=�	�-� ��:(	�� '� $
����U�� ����= y0���.@� �.(I=� ��(Bakhtiari et al., 2009) .

53�3DI!* 8!�
/� BPA �NP 
��:(�� �� ���4(�� �� GC �.(I=� �� MS +�1��= $4�� ����= BPA 

-NP  l.	0 - '	0.�0 	(�;-I�� 6	� ?m5 �� ��@�	�� �	���= y	;_�
7-% $���� '��0� ���� i�m0� !�� .�� i�m0�!�� 6�J !������ �	"

 7.(	� '	�;-� !��� >��� Sff �T.�	B@� '	��� '	b�2� 6	� -Sf
T.�B@� '���'��	= �	�� ����	�� !�	� 'b�2� " !��� Utf '	���

 T.�B@� ��	�" �� - �� i�m0� '	� �	�� +�	�Sf'	:0 �	��K '	b�2�
 
1 Gas Chromatography–Mass Spectrometry (GC-MS) 
2 High-Performance Liquid Chromatography (HPLC) 
3 Split Less 

� .�� '(�����0 ����= 7�I� !�� Uwf T.�	B@� '��� !^	0� �	� -
7.�����0.�ef$� ��) �� .�� F�#(0� �;- 7-(I;� �	� 7^-	(�0 K�

 �.@ ttt/tt'� �,�� 7.	� .�	� ���4(	�� >��5 ��) 7�.
D !�	"
 ��� F�#(0�e_�Sfe �SUS �S_u -UUf !�	� ��	� � i� NP  -

US_ -UUw !�� ��0 ��� � i� BPA  �	� ���4(�� (Chen et al.,  
2010, Ganjali et al., 2018)  )>I�U.(

53�3DI!* XY
� �Z�
?� IRWQISC  
$������ - $I���� p ��IRWQISC?&� �� �p �	� ��	= !�	"

'� '� ��� $�.� ���4(	�� 7�	�� $G9� !�&�% ���E- ����= �.W
�
$� ) �.�';���� S(

)S(IRWQISC = [� Ii wi]
�
�

�

 !�
	 x = 	∑ wi� !� 	

7% �� 'n 
wi��<(� 7�-n- �"�<(� ����=Ii	�<(� !�	� p �	� ���b�ii�

'1=� $
G
� .�	�� !�
� �	�� �	� ���	9� '	;���� '	� ��.	�5 �.	W
�
 >2��	5 ����= ��� (&� �o��(0 �G, �� 7�
��/����-%	� �	�<(�

 �.�)Aazami et al., 2019(�-��)�(.
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Table 2. Water quality classification according to NSFWQI and IRWQISC methods 

Index Applicable range Water quality classification Color
0 – 25 Very bad Red 

25 – 49.9 Bad Orange 
NSFWQI 50 – 69.9 Regular Yellow 

 69.9 – 90 Good Green 
 90 – 100 Excellent Blue 

<15 Very bad Purple 
15 – 29.9 Bad Red 
30 – 44.9 Relatively bad Yellow 

IRWQISC 45 – 55 Regular Cream 
55.1 – 70 Relatively good Green 
70.1 – 85 Good Light green 

85< Excellent Light blue 

��.M,3'� $0�- [�E 7���� p �� '1��G� !�� '(�� ���NSFWQI 
Table 3. Weights of parameters in NSFWQI 

Parameter Weight Parameter Weight
DO 0.17 Phosphates 0.10

Fecal coliforms 0.16 Temperature 0.10
BOD 0.11 Turbidity 0.08
pH 0.11 Total solids 0.07

Nitrates 0.10

53[3DI!* XY
� �Z�
?�NSFWQI 
p ��NSFWQI ��	��= �	I��% �	���&� $@� 7����� ����5 ��

��� '� p �� ��� ���b� .�� �= 4,�zz T��� � ���.�{(����J
 >���DO �BOD �pH ��.	� �+�-�	� ��	�� �>	� +�4B� �+�(�0 �

�F.	  �$;�	D 89	� o
	J �� - ��	��= �$D.��� i4�@� - >� ����
'b1/ �� $@�  - �� �h�.(� $� !�
� �-��) �.��.(��p �� ���

 >	,�5 l.	�m� 	� (����		J �	�4�� - 7�- �.(��	� -� F		E'�		��
$� ��� �� (����J " ���b� ���� i�m0� !�� .��% '	;���� ���� Q��� �

�-��) �����:0��� '1��G� �� - (���b� 	� ��:(	B�� 	" p �� �
T���';���� �����=��

)�(NSFWQI = ∑ Wi. Ii� !� 

'n ��7%
n��"(����J ����=Ii- �	"(����J �� 6	� " ���b�Wi[�	E �	�0

 �		�� �		"(����J �� 6		� 		" $		0�-.(Terrado et al., 2010, 

Aminpour Shiani et al., 2017).

53\3�� DN�0�� XY
� �Z�
?�Liou 
�� p �� ��� '1��G� !��';���� �	� p �	� �	�� .�	� ���4(��
p ���� '1��G� T��� 7�- - j.�� !�" � �$"�'$	� ��� .�	�%

'b1/ !�� F%��4�� !�
� ��0 p �	� T��� � '� !��D ���b� �� 
Liou �'���% ������4(�� ��)Aazami et al., 2019(�-��)|(

)_(Liou = �
) ∑ I ) !� 

53]3%�
�� 8!�
/� 
'��m= -���� !���% >�@G= '	� �" 6	��SPSS '#	B0��.�	� i�	m0�

'� ���4(	�� !��	�% 7.��% l.0 F�#(0� �.W
� !�	� ��	� !��	����
 �-	) ���� �
��	J l.	0 �k	@(#� !�	" (7�.		� ��	�0 ��	G; ��) �	"

'� �-).�;.� 7.��% 6��]k0���� ��.�5 �� yJ .�� $���
 7�		
��/����� �
��		J 7�.		� ��		�0 �� ��		"$		
�� �d(		 � ��		� ���

���� � !�"'���% ��� 7.	��% �� ���4(	�� ��ANOVA .�	� $	���
�-) !������ !�� ��
a�" 7.	��% yJ �� k@(#� !�"tukey ��

9�	
�� 8	$!���z�/z���4(�� �	�� ��
a�" .�	1=�� 7��	j���� 
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Table 4. Applicable ranges and water quality classification in Liou index 

Parameter Application range Sub index function Range Water quality classification 

DO 

6.5 < IDO = 1
Good 4.6 – 6.5 IDO = 3 2>

2 – 4.5 IDO = 6
2> IDO =10

BOD 

3 > IBOD =1

Slightly polluted 3 – 4.9 IBOD = 3
5 – 15 IBOD = 6 2 – 3
15< IBOD =10

SS 

< 20 ISS = 1

Moderately polluted 
20 – 49 ISS = 3

50 – 100 ISS = 6 3.1 – 6
>100 ISS =10

NH3-N 

< 0.5 INH3-N =1
0.5 – 0.99 INH3-N = 3 6.1< Very polluted

1 – 3 INH3-N = 6
>3 INH3-N = 10

���� i0 �� ���4(�� �� �" �����Heat mapper �	� �	�0 �	"���.�0 ?�� -
�� ���4(�� i0 ����� Origin '#B0��.�� i�m0� 

�3A;
B/ �>?@ 
�]�]� ��:0�		�� �� >		,�5 o��		(0 !�		"�.(��COD �BOD�DO�

TS �TDS �TSS +�4B� - +�(�0 �P��0.�% �$@�� [B5� �� i	)
 +�1��= �W@R - (�;BPA -NP '	� 	(�; �� i	)-I�� T��� �

p �� �� >,�5 o��(0 ���" !�"EC $@��)]$(0�� � y
��� ((�
 -pH �� ����-�-�%��� .��� !��	�% 7.	��% �� >	,�5 o��	(0

ANOVA y		J -7.		��%tukey ��:(		B�� '		� ��� 7�		*0 ?��		� ��-�
?;�D ��m= '�d� �d� &�.0 - ���%�.�G� �������	b� ��(*��BPA 

���� �� ���b� ��(*�� .NP '	0� �-� [�� �� ��0 6	;�Y !�	" ��-�
$��� 6@��� �T.;�Y ��-� ����	0� ��	�%�.�G� - �- � ��-� !	�)
) ��z�/z<p'� o��(0 '� '�.= �� .( p �	� $��	���� �� ���% ��� 
$4��Liou'0� �-� [�� �7-�	�� �	B@��� ����%�.�G� !�" ���	
�
[�� '(�� �� �.0 - ���I
= ���Y ��.;% '	0� �-� ��	� - ��	= �� �	"

 g�	" �p �	� �	�� T�	�� � .�
(�) ��2 ��.;% ��(1B0 '(�� �� 6	�
'0� �-� �"$�.@9� ���E- �� '(�� >I�) �0�*0 !�
��.(
>I�|*0 ��0	7�'(�� ��
"� '	0� �-� [�� F% $4�� !�
� �	"

�� �	� T�	p �IRWQISC � .���		�� 	�� T�		� �			 �p �
 �-�	'0� "	7-��� !� 
�	m= ���	[�� - 7��-� ��.0 �� '(�� �� ��Y 

Fig. 3. Water quality of river estuaries reloads in 
Caspian sea from Mazandaran, according to Liou index 
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 ���		�%�.�G�?��		2 �		B@��� ��- 		� ���		� �&		� T.;�		Y ��-� - �-�

 '	0� �-� ��	� ��� �� .�
(�) ��2 �� ��(1B0 '(�� �� ��0 ���I
= !�	"
6@��� F��� ��-� $��� ��-� 6;�Y - �-�� ��-� ���E- ��0 �-�

 $�.@9��
(���'0� �-� ��� . 	� .�	
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Table 5. The mean concentration of physicochemical parameters in the rivers estuaries of Mazandaran province 

Turbidity 
NTU 

Tempe
rature 

C)◦(

Hardness
(mg/L) 

EC 
mSiemens/cm 

pH 
-

TS 
(mg/L) 

TDS 
(mg/L) 

TSS 
(mg/L) Station 

10.332898.330.686.68561.36412.76148.6Chaboksar 
7.3328248.330.526.58478.28377.53109.74Kelayebon 
8.3129403.330.546.71433.35338.08105.27Chalakrood 
8.3527151.670.656.56483.39372.98110.5Shirood 

20.3327120.330.376.59290.77210.8779.89Tonekabon 
4.6629198.330.396.58299.02236.7462.27Azarood 
6.6629199.010.486.63387.5305.4682.03Nashtarood 

6281980.576.58472.83356.89115.96Kazemrood 
8.3328403.331.616.311616.11185.8430.34Asbcheen 

10.332998.330.386.58273.9223.3950.51Talarood 
8.3327303.330.486.64347.92271.6276.3Espirood 
6.3329306.671.296.51328.5978.2350.25Namakabrood 

53.3328201.670.476.51367.99291.0476.94Sardabrood 
2228606.670.376.53284.11229.4154.69Chaloosood 

41.6629703.330.46.56336.39261.6574.74Noshahr 
9.3328148.330.366.7318.51252.4166.11Mashalakrood 
5.3327251.670.326.67313.65251.1162.54Khiroorrood 
2226398.330.546.18422.1330.5591.55Alamkola 

11.3326448.310.586.19537.05410.03127.03Royan 
18.3328393.201.156.261210.6866.89343.74Noor 
7.6629396.670.736.3805.76603.87201.88Tajan 
8.66282950.896.14938.63695.41243.22Siahrood 

11.6428106.670.836.09909.36663.05246.3Ghaemshahr 
4229196.675.486.0344723223.61284.7Babolsar 

49.6627201.601.656.131652.91204448.98Fereidoonkenar 
18.3328304.330.886.33951.86705.97245.89Sorkhrood 
15.6628298.350.936.83997.79743.51254.28Mahmoodabad 
20.6627396.671.036.821061785.62275.39Izadshahr 

$�.	@9� ���	E- �7���	0��� 7�(�� '�5�0 �� ���  !���� '� !�-�-
�
(���0 >I�)�.(

>I��?" o��(0 ��.	5 $�����	�.I���� !�	"�<(� ��� $:(B�
 6�=��� o��(0 T��� � �� '�;�9� ��.� ��#�%Heat mapper 7�*0 

$� .�"����b� ?"�0� T��� � $:(B� ��	� !�	
���	= (�4
	�) +
�]?	" ��(*�� .��� �<(� (�1�)�4
	� �	0� �	� �	1s� $:(	B�

?" 7���� �"�� - ��� ��� ���� 7�*0 �0� '� �$:(B� �4
	� !�	" 
?		� �1		� - ��4		� ��		0� ?		� �1		� �		0� - ��		� ���� 7�		*0 �		0�
7�*0 .�	�� �	"��<(� ��	� T.	I�� - $4
� '9��� ��
"� T�	�� 	� 

'	� o��(0 
�� - �	1s� j�	1=�� ���	�% �	�� 			$	�� !���	�� �			 7��
4B�		- +� 	� +�(�0') �	�% �	��z�/z<p+�	��<= ��	
a�" .(

COD -BOD !�	"�.(��� �� 6	� " ��EC �+�-�	� - i.	�0.�% �
TDS �EC �TSS -TS $		
�� �		1s� '		9��� ��		
a�" .�		��� !���

$
�� - �1s� j�1=�� +�	��<= ��� !���BOD�EC �TDS �TSS -
TS �'�P�	�0.�% !�	"�.(��� �� 6	� 	" �	� �	�0 �.(��	� .��% ���

 �+�-��TSS �TDS -TS $	
�� '9��� �	��� !��� )z�/z<p.( 

$		
�� - �		1s� '		9��� ��		
a�" �		W@R +�		��<= ��		� !���COD �
BOD (����	J ��	� $	�.I�� '	9��� - +�-�	� - P��0.�% �PH �	�

$@� 7���� +���<= � i�'�W@R .��% ���BPA !�"(����J �� ��0
 �+�4		B� �+�		(�0COD -BOD ?		" $		
�� - �		1s� $:(		B� !���

) ��� 7�*0z�/z<p.( 
�]�]+�1��=BPA -NP@�� �� �	
�V% '	��'1� !�" 0^-(��	$
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��.M_3'0.�0 �� '�;�9� ��.� !�"(����J �W@R ��:0��� '0� �-� [�� F% !�" 7���0��� 7�(�� !�" 
Table 6. The mean concentration of physicochemical parameters in the rivers estuaries of 

Mazandaran Province 

Coliform
)100 cc/MPN(

DO
(mg/L)

COD
(mg/L)

BOD
(mg/L)

Phosphate
(mg/L) 

Nitrate
(mg/L) 

Ammonia
(mg/L) 

BPA
(ag/L) 

NP
(ag/L)Station 

598.1520.66130.721.680.411.091.29Chaboksar
758.318.23100.691.030.064.411.63Kelayebon
638.0516.8100.651.010.190.813.00Chalakrood
518.416.8390.260.350.170.911.56Shirood

13758.125.86180.530.963.064.641.26Tonekabon
3307.9520.7121.273.540.330.840.84Azarood
5097.818.83100.540.940.150.690.37Nashtarood
968.224.66150.170.140.080.790.28Kazemrood

2608160.331450.530.81.530.941.12Asbcheen
1857.924.73130.350.60.4918.961.23Talarood
728.520.73110.280.340.170.916.93Espirood
468.2518.8690.520.890.80.972.66Namakabrood

1048.216.6380.390.610.060.772.60Sardabrood
10838.1522.6120.460.832.430.6710.22Chaloosood
189820.47100.93.010.33.5512.29Noshahr
747.816.5690.760.760.241.0312.42Mashalakrood
898.226.10161.091.090.31.012.66Khiroorrood 

1128.1151.201350.480.480.630.763.77Alamkola
1468.328.10160.880.880.31.991.95Royan
3528.1151.771380.630.630.31.312.95Noor
7608.1530.08190.470.770.371.001.35Tajan
2718.336.36241.032.460.310.991.69Siahrood
1957.9532.3280.611.060.360.863.34Ghaemshahr

10208250.832151.022.021.971.582.30Babolsar
4068.233.76220.741.480.530.821.59Fereidoonkenar
9778.310.5660.340.650.430.794.38Sorkhrood
2268.2550.13360.741.361.231.947.86Mahmoodabad
1968.4555.96400.861.410.570.691.41Izadshahr

Fig. 4. Water quality of river estuaries reloads in 
Caspian Sea from Mazandaran, according to  

IRWQISC index 
 <=�23'0� �-� [�� F% ��4�� '� 7���0��� 7�(�� !�-�- !�"

��  !���� p �� T��� �IRWQISC 

Fig. 5. Water quality of river estuaries reloads in 
Caspian Sea from Mazandaran, according to 

NSFWQI index 
 <=�P3'0� �-� [�� F% ��4�� '� 7���0��� 7�(�� !�-�- !�"

��  !���� p �� T��� �NSFWQI 
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Fig. 6. Correlation coefficient between parameters 
 <=�_3$
�� j�1=�� ��� $��� !�"(����J ��� ���

� '� �
(B"'F�BJ ��/ �� �Z�- '	� !&	� - $:0�	  �$(�
	, !�"
?(B��.�� $	� ��� $	�% !�" �/�	
� - �"&	� '�	�.= - �	�� .�	
���

 ��		/� �� $0.I		B�'		0� �-� $I�^.		;.�� ?�		5 '		I
�� 7-�		� ��		"
 F�	BJ �-�- �� '	I
�� �	� - �.	� '	(�) 	W0 �� '0� �-� �	�� !�	"

 !�).@� �/�
��.� �	��1/ '	� +�1��= ��� 7�-��� $@,� >��D �
���)Zhou et al., 2017Koumaki et al., 2017, (� .'!�./ �'�

�"-ZJ !�" ���� 7�	*0 !��	�(� $	
�� +�	��<= '	� �	0� ��	� !���
���b� �/�	
� '	� $	I���0 - !�-� �	� $	�% ���	
� �� +�	1��= �	��

>��2 ���
, - $0.IB� ��� ��"�*�.(Lin et al., 2017, Komaki 

and Riahi Bakhtiari, 2019).
'� +�1��= ��� - P�	0� �	W@R �� $	(5 F	#� +�	K� �	@D

 ��	2 W0�	� ��	J �� ��	� �$��O	R �	�m0� �./ �� ��b(0� ��@��2
'� T��� ���" � .��� '(�) ��	  !�	��� ���% ��.5 ���"� >�;�

 �	1��= �	�� �7% $4�� ���E- $��� i-�; - 7���0��� 7�(�� �� +
[�� ����.�� $��� '0� �-� !��	�% +�B��b� �� >,�5 o��(0

���� �"�"-ZJ ��� !��� 7�*0 �W@R ��(*�� '� [	��=BPA ��
'0� �-� [�� !�"?��� ?;�D ��m= ��-� '�d� �d� ���	�%�.�G� ���

 '	
��� �	� &	�.0 - �-�d/{{/��	={|/��$	@�� - 	(�; �� i	)

 [	��= �	W@R ��(*��NP '	0� �-� [	�� �� 6	;�Y !�	" ��-�
$��� ?;�D �T.;�Y ��-� 7-��� �d� 6@��� - ��
� '
��� �� �-���	=
|�/��$@�� ����0� (�; �� i) !�)�'	0� �-� ��� .��	B� �� �	"

 �		����� 		� �-d		D - '(		�O) �		����J �/�		
� �� ��.		  ���		(��
 �	G= j�	b0 $	 � �� �$0�	B0� ��*0 '�4�= FdE�� F�	BJ �KH	=

P&� >s� k@(#� ���
, $	� ��2 ��0 $(�
, !�" �����	
� .�	0�)
 +�1��= ��� ������ $@,� >��D'0� �-� �� 'B��b� �� �.�O� !�"

 '	0� �-� ��� �� �	�;��� �KH	= ���	� $	��� !�	" �.�O	� !�	" ��
0% Fd	E�� ��	b(0� - '0� �-� ��/� �	& .�	�� T�	�� 	� ��	
Y"

 �-���� s�� �'0� �- �	�;��� �KH	= �	G= ��	� $��� !�" !�	"
� $0�B0�'+�	1��= �	�� �	W@R �"�� ��� .�0�.� !&� F�BJ �Z�-

'0� �-� �� $ � �� $� �" '	� �	0�.= �� 	��<= >	�;� ���	b� �F% $	��
�#J ���� �!�.� !�"�.(��� '= �+�1��= $I���� $)�

� - �B*0

 $�V�J�.  7�.= �+��.�� �� �&0% ��m= '	0� �-� ��� �� !�-� - �	"
 ���� $��(�-� �/�
� �� !�)��2 - !&� �/�
�.(Koumaki et 

al., 2017, Komaki and Riahi Bakhtiari, 2019, Taghizadeh 
et al., 2020, Zhou et al., 2020b) .

!���(#� $5��� - $��n '1	� +�	1��= $��� �� $0^-(	��|]
NP >�(�� -F% - +��.�� �� >
� '0� �-� �� $ � 7���	0��� !�	"
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'� '�.= �� '� �0��� 7�*0 ��
a�" �&0% .�
(��� ��� $&��*� o��(0 '�
$
�� j�1=�� i�D F% h�	G� -� ��� �� +�1��= ��� �W@R ��� ���

��
����� $@,� >��D �F.�� -'�4	�= Fd	E�� �-�- +�1��= ���
 �� .��� !&� - $(�
, ��*0$��� �	�� �:	*"-ZJ7!�-� �	� �

�!&	� h�G� �� ���	b� $	
�� �"�	� +�	1��= �	�� �	W@R !���
���� .(Komaki and Riahi Bakhtiari, 2019) . 

�"-ZJ 7�����" - $@�m
) !�" ��0 .��� 7�	*0 �� $&��*� o��(0
 ��� ���"-ZJ���(�% '0� �-� [�� ����(*�� ����0� ���b� !	�)

 +�	1��= ��� ��� �	��� �� �	�� ."-ZJ 7�:	* �	�0 >	�;� ����	�� 
�W@R !�"BPA -NP ��- &	� ��� ��� �� ���(�% '0� �-� �.1D

FdE�� �-�- !&� !�" �	0�� 7�.	
D '	0� �-� �	�� '� $:0�  -
(Ganjali et al., 2018).

��; 7���I�" -��$��� �� F.�� - F% '0.�0���� '	0� �-�
 ��	2 6�(	�dJ ���
	, ��	/� �� '	� ��	Y �	� F.
� &� '�

 ���
	, �� '@	,�� �� '� �0��� 7�*0 ��
(��� ���	b� [	��=BPA '	�
$
�� >I� $	� �"�� !��� �� '	� $���
	, �	0��� 7�	*0 �	&0% .�	���
 +�		1��=PC �		��� -'		� !		��@J !�		" ��		J 7�.		
D ���4(		�� ���		�

$� �� [	��= �	�� �W@R ������ [�.� !�:�*Y >I� '� ��

�
 h�G�$��.�(Lin et al., 2017).

�0�- 7���I�" -$��� �����b� ���� - ��m= $(	B�� $���0
 '1	� +�1��= '	Y���� !�	�% +��.	�.� �� $0^-(	��Taihu ��	Y

 [	��= '� �0��� 7�*0BPA '	
��� �	�~/|{�	=�|�z i).0�	0��
�W@R ��(*�� �(�;���� �� '� $���(�� �� -���b� ?(���:; �.(���

$��m=S) F% �.0�	(�� ���	b� �	� '	B��b� �� [	��= �	��log kow (
 '� �0��� 7�*0BPA ���� ��@��2 �	�m0� �.	/ �� $(	B�� $��	�0
���� �� $��OR (Wang et al., 2017) . 

$	��� !�	"�.(��� ��	� j�1=�� 7���� $��� �� j�	1=�� ���	�
$
�� � +�(�0 - +�4B� �W@R ��� !���'$	� '	� �	�% �	�� �	0�.=
7�*0 ��
"� �-�- ��	
a�" - $�����	� !�"�.� ��� +���<= K�

FdE�� ?" +���<= - 'b9
� �� $:0�  !�" p �	� -� �	�� 7���
'0� �-� �� $
�� j�1=�� ��
a�" .���� �" +�	��<= ��	� ���COD�

BOD -EC 	" �� !�	"�.(��� �� 6	�BOD �TDS �TSS -TS -
$
�� '9��� ��
a�" �+�-�	� �P�	�0.�% �	W@R +�	��<= ��	� ���

 
1 Bioaccumulation Factor 

TSS -TS 7�*0 ��0 i4�@� +���<= �� ���	b� �-�- !��O)K� ��
"�
� - cd�� - $0��� - $;% ��.� !V��'!�	"�.(��� 	� 7% �KH	= �Z�-

BOD -COD p �		� ��		� '	� �� $=�		�5 !�		" 6		� F% �		�4��
$� ��
(B" '0� �-� ����.(Emamgholizadeh et al., 2014) .

F�	BJ - !�-�- cd	�� 	(&� ����� �� �����
� �� $	;% !�	"
$� �'b9
� !�"�.(��� �"�� [�.� 7�.=BOD -COD ��10� '� -

F% ��4�� ������ 7%�.�
$�WD� F% $	4�� !�	"�.(��� ��	� j�1=�� $��� �� 7���I�" -

?	" '	� �0��� 7�*0 +�	��<= ��	� $:(	B�BOD -COD i	4�@� -
- $0�.	�5 - $(���&� FdE�� ��/ �� $;% +�1��= �-�- �� $��0

 - Fd	E�� ����	� �.	�- i�	D - !���	��� ?W
��	0 '��.= !�-�
 - ��� ��� $4
� j�1=�� .���DO h�.= ��0�"-ZJ !�" '	� !����

 �	�� ����	�� �	� '� ��� ����� +�1K� ���	b� DO $	� �"�	� �	���
)Harvey et al., 2011(.

!�		"�.(��� ��		� $		4
� j�		1=�� ��		
a�"BOD -COD �		�
 +���<=pH $� 7�*0 ��0 - F% �� �.	�.� cd	�� +���<= '� �"�

$� �'0� �-� F% !��� h��� ��
a�" $	
�� �KH	= �	0�.= 	� !���
 ��,� EC +�	��<= �	� F% $(#	� �1s� j�1=�� .���� '(��� F%

 �W@RNP $� ��0 7�*0 �0�.= - cd	�� ����	�� ��	
���� �KH= ��
"�
7.� $ � '1� +�1��= �W@R ������ � $�% !�" .�	��� $0^-(	�

#� �"�� 6�� '� �����
�$(#� !�"�
��� h�.= F% $( $/ �)
$� �'�4�= $
�� K� 7�.= .���� ��
�V% ��� �W@R �"�� � !��� 

���"-Z		J '		0� �-� F% �		�4�� ��		
a�" 		� � !�-�- !�		"
p �� h�.= 7���0��� 7�(�� �� ��  !���� $	��� F% $4�� !�"

 p �	� T�	�� � �$��� ��� �� .��IRWQISC �� $	�� ���	�=
'0� �-� $;�	5�� .�
(	��� ��	2 F.	@9� ���	E- �� �	" ���	�= '	�
!���� '0� �-� �� 	� �"'- ��	�%�.�G� ��.	0 ����	I
= ��- 	� �Z	�-

 p �	� T�	�� 	� - '(	���0 ��	2 $1	��
� ���E- �� ��m= !�	"
NSFWQI �IRWQISC -Liou '			0� �-� ��			� ���.			;% !�			"

'(�� ��;��� �KH= .�0�� !�
� $� $
�*0&� - !��-�*� !�" �	0�.=
 '	0� �-� ��� ��4�� �"�� [�.� !�:�*Y >I� '� 	� .�.	� �	"

'� o��(0 �1/ ��	� �� +�	1��= $	 � �	W@R ��:0�	�� ����% ���
'0� �-� $���= $��"�.(��� ��&
�� ��� �� ��� .�.� ��� ��1�b= �"�
0�� 

7���� +���<= �$D.��� i4�@�BOD �COD 	(�0 �P�	�0.�% - +�
'(�� ��<= [�.� '0� �-� !�
� p �� �� 6� " h�.= �" �"�	� .
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$	� W0 '� �����
� - $�����	� !�	"�.� - i.�	� �� ���4(	�� ��	��
 $;% ��� !-�5 FdE������'0� �-� ��4�� � �!=���	� �KH	= �"

.���� '(��� 
k�.� ���� �	� l�.	0� �� ���4(	�� '� �0��� 7�*0 7���I�" -- i.

 - +�4	B� �W@R ��<= [�.� �!��-�*� �� ���4(�� ��.� !�"�.�
 +�(�0$��.�(Yousefzadeh et al., 2014).
���� $0��� �.J �� $	 � �� F% �	�4�� 	��<= �@D 7���I�" -
��:(B�� �$D.��	� i	4�@� 7��	�� 	��<= �� '	�;�9� ��.� !�"COD 

- +-�4(�DO .�0�� 7�.
D�"-ZJ !�" ��(	B) �� ���4(	�� �	� !�
p �� F% $4�� !�" ��� i�m0� '	1=� 7% 6	�� '	� '	� ��� !�	
�

'0� �-� F% $4�� �"!�� ��	� '	(�) 	W0 �� ��	
�% 	(&� �����
��� (Aminpour Shiani et al., 2017).

d�.� - �*�0-��5- ��:�	� F-� FV�	= F% ��4�� $��� ��
 p �	� �� ���4(�� �� �
"NSFWQI $	
�� +�	��<= ��	� �� !���

��� 	� ��	� !�	"'�	0��-% �	��.(Vaheedunnisha and Shukla, 

2013).
- $		�WD� 7���		I�" '		0� �-� F% $		4�� ��d		� $��		���� ��

��		2 p �		� �� ���4(		�� �		� 7�-� !�		"NSFWQI �IRWQISC -
Liou ���	��J�0 '�	�.= - i��/ 'b9
� �� 7.(�� �*� '� �0��� 7�*0
 !�	�% !�-	J ?	&� 7�	*
"�� �� 	� >	��.D ��	=XF%�	�4�� �� K

'0� �-� p �	� [	�.� '� '� ��.� �" $	��� !�	" ��	� '(	�� �� �
��2 ���� �= h�.(� $)�.;%$��0�)(Azami et al., 2019) . 

��		�� $0��		� �.		J'		� 7���		I�" -F%�		�4�� $��		���� �.		W
�
 ���4(	�� �	� ($	;�0� FV�	= !�-�-) ��	��-���) '0� �-� p �	� ��

 $		4��NSFWQI -Liou $		/��'		0.�0 ��		� $		��� - !���		�
 p �		� '		0��"�� ��:0�		��NSFWQI ��-�		G� ��|/�z�		=�z-
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