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Freshwater scarcity in arid and semi‑arid regions has led to the use of treated 
wastewater for irrigation. However, the continued practice may result in the 
accumulation of heavy metals in soil, thereby threatening human health and food 
security. This study is the first in the Zabol region to evaluate the quality of treated 
wastewater using the Canadian Water Quality Index (CWQI) combined with a 
comprehensive soil health risk assessment. In this study, the physicochemical 
parameters and heavy metal concentrations in the influent and effluent of the Zabol 
wastewater treatment plant were measured, and the suitability of the effluent was 
assessed using the CWQI. Additionally, heavy metal concentrations were determined 
in soil samples (0–20 cm depth), and the contamination factor (CF), 
geo‑accumulation index (Igeo), pollution load index (PLI), as well as the average 
daily dose (ADD) and hazard quotient (HQ) were calculated for health risk 
assessment; dried sludge was also examined. The CWQI results indicated that the 
quality of the effluent fell into the poor category, making it suitable only for 
recreational uses and, with caution, for irrigation. In the soil, mercury showed the 
highest CF (CF ≥6), while all other metals had CF values below 1. The PLI was zero 
for all elements. According to the Igeo index, the contamination intensity followed 
the order: Hg < Co < Ni < Cr < Cu < Zn < V < Mn. Human health risk assessment 
revealed that HQ values for all metals were below the critical limit, indicating 
minimal adverse effects. Nevertheless, heavy metal concentrations in the dried 
sludge exceeded standard limits, representing a potential contamination source if 
mismanaged. Thus, with its novel approach (CWQI and risk assessment), this study 
goes beyond mere heavy metal concentration measurements. Overall, the use of 
treated wastewater (except for Hg) poses no significant risk to soil; however, under 
current conditions, non‑agricultural uses and non‑fruit‑bearing tree planting are 
recommended, and improving treatment processes is essential to provide safer water 
during drought periods in Zabol. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Freshwater scarcity is a growing global concern, particularly in arid and semi-arid regions where 
precipitation is low and water resources are limited. Rapid population growth, urban expansion, and 
intensive agriculture have intensified pressure on available freshwater. In response, wastewater reuse 
has emerged as a key strategy to address water shortages, especially in regions with limited freshwater 
availability. Municipal wastewater treatment plants (WWTPs) can provide treated effluent for 
agricultural irrigation, industrial use, and groundwater recharge. The safety and sustainability of such 
reuse depend on the quality of the effluent and its compliance with environmental and health 
standards. Wastewater is a complex mixture of organic matter, nutrients, suspended solids, and 
potentially toxic elements, including heavy metals. Conventional treatment processes are designed to 
remove organic matter and nutrients, but heavy metal removal is often inconsistent. If inadequately 
treated, wastewater effluent can degrade soil quality, accumulate metals in crops, and pose long-term 
risks to human health. Metals such as cadmium, lead, chromium, and nickel can reduce soil fertility, 
induce phytotoxicity, and enter the food chain, threatening both public health and food security. The 
municipal WWTP in Zabol was constructed to reduce environmental pollution and provide an 
alternative water source for agriculture. However, operational inefficiencies, including malfunctioning 
aeration systems and limited maintenance, raise concerns about effluent quality. This study aims to 
evaluate the performance of Zabol WWTP by analyzing the physicochemical properties of its effluent, 
assessing heavy metal concentrations in wastewater, soils, and sludge, and estimating potential 
environmental and health risks. Pollution indices and the Canadian Water Quality Index (CWQI) were 
employed to provide integrated assessments of effluent quality and its suitability for agricultural reuse. 
The findings aim to guide local authorities and policymakers toward sustainable wastewater 
management practices. 

 

DATA AND METHODOLOGY  

The study was conducted in Zabol, located in Sistan and Baluchestan Province, southeastern Iran. The 
WWTP is situated in the southwestern part of the city. The region has an arid climate with high 
evaporation, low rainfall, and limited freshwater resources, making wastewater reuse important for 
agriculture. Sampling was conducted in spring 2024 to reflect typical operational conditions. 
Wastewater samples were collected from the inlet and the final effluent outlet. Soil samples were 
obtained from agricultural lands adjacent to the effluent discharge area, and sludge samples were 
collected from drying beds within the plant. Three subsamples from each site were collected. All 
samples were stored in acid-washed polyethylene containers at 4 °C until laboratory analysis. Effluent 
samples were analyzed for pH, electrical conductivity (EC), total dissolved solids (TDS), biochemical 
oxygen demand (BOD5), chemical oxygen demand (COD), nitrate, nitrite, phosphate, alkalinity, and 
dissolved oxygen (DO). Soil and sludge samples were oven-dried at 80 °C and sieved through a 63-
µm mesh. Two grams of the dried sample were digested with concentrated nitric acid. Effluent 
samples were similarly treated. Concentrations of cadmium (Cd), lead (Pb), chromium (Cr), nickel 
(Ni), zinc (Zn), and copper (Cu) were measured using inductively coupled plasma–optical emission 
spectrometry (ICP-OES). Soil contamination was evaluated using several indices: 

• Contamination Factor (CF): ratio of measured metal concentration to background levels 

• Pollution Load Index (PLI): geometric mean of CF values for all metals 

• Geo-accumulation Index (Igeo): logarithmic comparison of observed concentrations to geochemical 
background 

• Enrichment Factor (EF): metal concentrations normalized to a reference element 
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Human health risk assessment considered dermal exposure. Average daily dose (ADD) and hazard 
quotient (HQ) were calculated for each metal to evaluate potential risks. The Canadian Water Quality 
Index (CWQI) was applied to evaluate effluent quality. The index integrates the scope, frequency, and 
amplitude of parameter exceedances relative to irrigation standards, providing a comprehensive 
assessment of water suitability. 

 

RESULTS AND DISCUSSION 

Effluent analysis revealed significant deviations from recommended irrigation standards. BOD5 and 
COD were considerably higher than permissible limits, indicating poor organic matter removal. TDS 
and total suspended solids (TSS) exceeded standards, suggesting inefficient sedimentation and 
filtration. Effluent pH was slightly alkaline, occasionally exceeding recommended ranges. Dissolved 
oxygen was consistently low, reflecting limited biological activity due to inadequate aeration. 
Phosphate levels were elevated, while nitrate and nitrite were variable but mostly within acceptable 
limits. These findings indicate operational deficiencies, primarily the inoperative aeration system that 
limits biological treatment. Heavy metal levels in effluent, soils, and sludge were generally within safe 
limits. Effluent contained low concentrations of Ni, Cr, Pb, Cd, Zn, and Cu, below critical thresholds 
for irrigation. Soils near the WWTP exhibited minor metal enrichment. Sludge samples showed higher 
Hg, Zn, and Cu concentrations, consistent with their accumulation in solid waste during treatment. 
Pollution indices supported these findings. CF values indicated low contamination for most metals, 
with Zn approaching moderate contamination. PLI values remained near 1, suggesting minimal overall 
pollution. Igeo confirmed background to unpolluted conditions for most metals. EF identified Zn and 
Cu as enriched in soils, highlighting the need for ongoing monitoring. CWQI assessment classified the 
effluent as “poor to marginal,” indicating that unrestricted irrigation is unsafe. Elevated BOD, COD, 
TSS, TDS, and phosphate primarily contributed to poor water quality, while heavy metals had 
minimal impact on the overall index. This study highlights significant operational challenges at Zabol 
WWTP. High BOD, COD, TSS, and TDS levels indicate inadequate removal of organic matter and 
suspended solids, largely due to malfunctioning aeration, which is essential for biological treatment. 
Elevated phosphate levels pose a risk of nutrient imbalance and potential eutrophication in irrigated 
soils. Variable nitrate and nitrite concentrations suggest instability in treatment processes. Low heavy 
metal concentrations are encouraging, yet Hg, Zn, and Cu enrichment in sludge and soils suggests 
potential long-term accumulation. Pollution indices indicate minor current contamination but stress the 
importance of continuous monitoring to prevent future environmental and health risks. CWQI results 
show that, despite acceptable heavy metal levels, high organic and nutrient loads make effluent 
unsuitable for unrestricted irrigation. Improvements such as restoring aeration systems, applying 
advanced nutrient removal processes, and integrating tertiary treatment would enhance effluent 
quality. Regular monitoring of effluent, soil metal accumulation, and potential risks to crops and 
humans is essential for sustainable wastewater reuse. Wastewater reuse in arid regions like Zabol is 
feasible but requires technological upgrades, effective management, and continuous oversight. Such 
measures will safeguard soil health, protect agricultural productivity, and contribute to water resource 
resilience in drought-prone areas. 

 

CONCLUSION  

The Zabol WWTP shows low efficiency in removing organic matter, suspended solids, and nutrients, 
despite heavy metal concentrations remaining within safe limits. Elevated BOD, COD, TSS, TDS, and 
phosphate, along with low DO, indicate insufficient biological treatment due to inoperative aeration 
units. Pollution indices suggest minor soil contamination, with Zn and Cu exhibiting the highest 
enrichment. CWQI classified the effluent as “poor to marginal,” highlighting its unsuitability for 
unrestricted irrigation. Sustainable wastewater management in the region requires restoring aeration 
systems, implementing advanced nutrient removal technologies, integrating tertiary treatment, and 
conducting continuous monitoring of effluent and soils. These interventions will protect agricultural 
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productivity, maintain soil health, prevent environmental degradation, and enhance water resource 
resilience in the Sistan region. 
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1 ICP-Aptima 2000DV, Perkin Elmer, USA 
2 DR2800, Hach, USA 
3 Palintest 8000, UK 
4 Memmert 
5 Lovibond, Germany 
6 EC/pH meter 5500 
7 L250AAA, UK 
8 Eaton 
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 ��� ��
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1 Canadian Water Quality Index, CWQI 
2 Lumb 
3 Van Bich 
4 Net Standard Error 
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�@ ����"�� 5� �!��?� N� +�A � ���7�� &< + 9��=��2 F" �*"����
	 � h3�*1 �� )�� ��+�. ��2  *" #+EP �!��? }+�
����"�� �3*�����= ���&<4 A�D	� #�%�� ��+�*1 + .�
� W�*��� � �� �3�/ � *J� ��� ���* ���	� ��/"� +� �*"4 &<��2 

�3�*"���4 �C��" `"� 
05? �� �9��=���4� ��7���` �&	Z� �� ���* � h3�*1 �W��;�� �	� 2�P) �F��  �)���$53 + *�=
1399 �� ]�� 2�� S���� .(0  �<100 
" ���C� Y��� *" 
� #��" *�n�� 6��
 �#��� ���CWQI �� 4*"��� a�� �

�� )�%�  MD"��) �3�9 .(  

)8 (  F3 = 20'
A.AC 20'DA.AC  

)9 (  CWQI = 100 − √ICJDIJJDIKJ
C.LKJ  

  

��
+� $! �%R�) 4�;,= M.�) ]/X �.� � W�X ��0  

�F? ��*"� (	� .�/01 �J0K�2 P��� G�� + @%� 28� ��� 7;< W�* ��
 �
��� 
��5�  }�*� �" )+� �� ���"� �3
��� �� ��34 C° 80 �^�1 @�� �� #��7��� �" q|� + ���
 @%�4 ����� �" ����L` 5%gM 63 ��*��+*$  @��

�*����� ���� >��	� + 2(53 .��� �<�/ .��
 h3�*1 �*"4 
��5� hx3 �34  �28�2 �� �" #�
 @%� 28� �� B*��� 
��*��@ 0K��  �G*�)65 (%
��5� ���� �� .�
 hx3 �34 �� U�0f� �� �G���� ��*��@ 0K�� �� +�� *0�*=�@ 

 �G*�)70(%  ���� 
"4:1 �*� #��7������*1 .��	  '��
 hx3�@ ��� �� �P��4  C°40  �� �P�� 
� q|� +
���4  C°140  �< ��"(	� .�/01�2 .���
 ���� '��� ��  
" q= 
��5� �hx3 �� DC< ��"+� *DC� 9� �" �3�*  h8V �<
�F��� 50 ��0� ��*� N��A 1�Z mK�� �� #��7��� �" +�  m1�	� #����� �" 25<�+45/0 ��*��+*$ 1�*�0 �F� �� .���
��� 

(	� .�/01 �J0K�2 
��5� �� ��?�� �34 hx3 �� #��7��� �" #�
 �(���# ICP #����� 'C��� ��*$< 
� �� + ��*4  �

<� #��� ��Z + �N� 5x< �3�2 ��*�  �)���$53 + �%�*N)1399 d)� 4�1  �)���$53 +2024 .(  
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 7	K ������ ���
 )EF 6��
 �(��" ������ )PLI����� �����1 �(� )CF(�
���� 6��
 + (� ���2 )Igeo ( 4�*"
 2�(	� .�/01#����� 
��5� �� #�
 4*�� 
����� G�� 4�3  .�
CF �C< �"�h ��5� �� /01 �J0KM G�� �= ���C� *"�
 

� k*
 
"�*  MD"��)10 (�
 
����� ��|��)2  �)���$53 +2023�5��+� d ���3  �)���$53 +20232�(��� d4  +
 �)���$532024 .(  

)10 (  MN = �O PQORST
�O UQVWXYZ[\]

  

PLI >�V*"CF �*"4 ��� ��� 
" /01 *3# + N  /���	3� )�%�# ��� 
&��D� ���� .�/01 ���&<  MD"��)11(.  

)11 (  ^_` = (MNC × MNJ × MNK × … × MNb)C/b  

Igeo ����"�� ������ �C� �" ����
 
�jr �J0K �" /01 \D��5���� �� q=�	M m= )�$�� /01�* ��  ���C� .�	�5/1  
"
*L )��	P�> �;<�\ *<���q �� q=�
	 �� 
"�' � .�*[��*7��� � ]�5P��  ��
 MD"��)12.(  

                                                      
1 Nde 
2 Dipti 
3 Rostaminya 
4 Saygin 
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)12 (   d̀e� = logJ[ �O PQORST
C.g × �O UQVWXYZ[\]

] 

EF �����4  
" �� /01�@ ) /01Al���&� A"�D� (M ��* � ���������� �	�  MD"��)13(:  

)13 (  �N = [�i �YTj⁄ ]PQORST
[�i �YTj]⁄ UQVWXYZ[\]

  

) 
���+� 4�3�+� 2�(����ADDs) ����= *��� A�*  �� �5� .�/01 (ADDderm *�� k*
 
" /�� )^����/" 4�*" (
*���) �
 
�����1  �)���$53 +2024 ( MD"��)14:(  

)14 (  lmmneop = Mp × qr×rs×rts×us×uv
tw×rx  × 10�y [mg/kg. day]  

 )� �� 
�Cm �� .��� 9��� �� /01 �J0K�*  ]+�? �� �3*�����=2 *&<�T #�
  .���*L�> ) *D�HQ ( MD"��)15 ( �"
 ����ADD .�/01 ) �F�� !?*� �+� 
"RfD .��� ��� 
" (RfD  
���+� �+� *b���V�@  �� �� /01�@ A�*   ��*N

� )�%� ~�� w*&� �� 2�1*�� �3� *���)2  �)���$53 +2024�$�+�O?++ d3  �)���$53 +2019.(  + �3�V�+ \�L�<
 ]+�? �� 
���+� *���C� M����� �F? B�^ *���C�2  .��� #�
 #��+�  

)15 (  ~� = rvv
��v 

 F��#2^%A
& : �0�_�� � ��!�J� ���� �%R��%� V�)�3� ��0��! �����$ *���`Z 
Skin surface area (SA) cm2/event4350  
Adherence factor (AF) mg/cm2   7/0  

Absorption factor (ABF) 01/0  
Exposure frequency (EF) g/d 1/0   
Exposure duration (ED)    Years 30   

Body weight (BW)      Kg 70     
Average time of exposure (AT)   days 10950 = 30 × 365 

  

�P=��  M0�12 ��0  

����S ��*"� �3�����14 1�/�
�$�5���� ?+*� 9��=� 7;<�
 ���M �C� + '"�� 9EL�1��M  ��������� �+�V �" )�
 ]+��?)3  +4�*" 
� ��� )�%� (� �+��� �� �3*�����=` �*" + ��8�� ��*( &< �+�V �� *<�*1��2 #�
 .����� ��*N �� 

�3*�����= �f"4 ���� ��C��* BOD  +COD ?+*� 9��= ��� 
" <*<�> 87  +163 ��0� B*� � *"�*� #����� ��*4  .�

	O53��2 �C��
� �+�+ 9EL�1 �"4 ����� �3�� 
� ��� )�%�� � ���2 ��C� + #�%� #�3�%� �3*�����=�* )�  �� �3
?+*�� ����� �/1��� �
�1� .��� ��*"� ��= WmV )������0N )������ 
� ��� )�%� �3*����j���  �" *"�*"57/44 

 WmV )������ ��Z��TSS  �" *"�*"68/4  WmV )������ + �Z��BOD  +COD 7	�� ��� #��"  ]+�?)5(. ���C� 
����)_ ) ]�0��DO �� (32/1  
"2/1 ��0� B*� � *"�*�  �3����1�	O53 .�2 ��3�� *�$���$� )EC �� (2380  
"

2560 ��Y��+*$ ���� *"� *�� �/1��� .��� )�%�  

�� �" U��<�� �*<�.�� mn�4�  /�� �� .�7�1 �J0K82/1  
"71/3 ��0� B*� � *"�*� � +�.�*�  ��62/0  
"79/0 
��0� B*� � *"�*� �/1��� ��1�. �� (	� .�/01 �f"��2 � *Z�	P �J0K��'$ +� �B+*� ������4� ���� �9*� �q���h 

                                                      
1 Akter 
2 Akter 
3 Wojciechowska 
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	����@ ? +�#� ?+*� 9��= ��� �3��������� ��8� �+�V �� *�5�4 0�� 	O53 .�
 }��/��2 �*" ���  �� *Z�	P
���� + 9*� ������ 
05?��h �/1��� ���� ?+*� 9��= �� �J0K� �+�+ 
" ����4 �*� #�3�%���.  

F��# 3 :!$����P)� �%%7& *�� 6)
& '����) 	a��_ 6%3� 	��� '���� ���� �X�� ��0$
P �= ���%+%�
L�;%= b=! [KA�= � 

*!��P)� ��  8'�$�L+0 � �$��!�$) [��21396 8'�$�L+0 � '�$�Z��� e1394(   

T���  ) '��Pmg/l( 9� 
" 
�0f<  ��D� 4�3   #�g 
" 
�0f<
9��?  

 + 4��+�%� W��;�
4���"�  

4�+�+ 9EL�1 
'"��  

�?+*� 9��= 
'"��  

1 BOD  30  30  100  86  87  
2  COD 60  60  200  160  163  
3  TSS  40   -  100  64  61  
4  TDS  -   -   -  1562  1452  
5  EC  -   -   -  2380  2560  
6 pH 5/8 -5/6  9 -5  5/8 -6  62/7  8/7  
7   DO 2   --    32/1  2/1  
8  PO4

3-  )HR(  6  6   -  82/1  3/71  
9  PO4

3-  )LR(  -   -   -  32  29  
10  .�*��� 50  10   -  620/0  790/0  
11  ��*���  10  10   -  9/5  8/6  
12   .�7���   -   -   -  326  310  
13   ��7���    -   -   -  73  52  
14  ��j��0N    -   -   -  415  230  
15   G������    -   -   -  65/0  24/0  
16  ��*0�    -   -   -  342  305  
17   '� ��f�    -   -   -  310  290  

 
F��# 4 :!$����P)� �%%7& *�� 6)
& '����) 	a��_ 6%3� 	��� '���� ���� 4�;,= �%R�) � *!��P)� �� [��2  8'�$�L+0 � �$��!�$)

1396 8'�$�L+0 � '�$�Z��� e1394(  

T���  ) '��Pmg/l(  9� 
" 
�0f<  4�3
 ��D�  

 #�g 
" 
�0f<
9��?  

 + 4��+�%� W��;�
4���"�  

4�+�+ 9EL�1 
'"��  

�?+*� 9��= 
'"��  

1  '$��Ni  2   2   2   01/0   016/0   
2  �����Co  1   1   05/0   02/0   036/0   
3  B+*�Cr  5/0   1   1   02/0   019/0   
4  23�Fe  3   3   3    -   -  
5  4+�Zn  2   2   2   028/0   05/0   
6  q�Cu  1   1   2/0   024/0   024/0   
7  /	(	�Mn  1   1   1    -  02/0   
8  9*�Pb  1   1   1   02/0   029/0   
9  h�����Cd  1/0   1/0   05/0   019/0   025/0   
10   h����Li  1   1   2/0   11/0   128/0   
11   )������Mo  01/0   01/0  2   604/0   206/0   
12   h���Na    -   -   -  414   410   
13   h����=K    -   -   -  02/55   97/66   
14   @�	���As    -   -   -  003/0   019/0   
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15   #��?Hg    -   -   -  005/0   0025/0   

F��# 5 :�%�S& '�����$ [KA�= �%�S& 6)
& [KA�= ���X '�P)��� ���� )mg/l(  
.�7�1 ��*��� .�*��� ��j��0N COD BOD5 TDS TSS DO  EC pH  

32  9/5  620/0 415 160  86  1560  64 32/1  2380  62/7  
 

4�+�+ 

99  8/6  79/0  230  163  87  1452  61  2/1  2560  8/7  �?+*� 

37/209 - 25/15 - 41/27 -  57/44 60/16 - 16/1 - 92/6 68/4 - 03/7 - 36/2 - RE (%) 

 

�� ����"�� ��7�� ?+*� 9��=� 7;<�
 ���M ��C� �'"�� )���*F
 9EL�1�* <+�7���  6��
 ��CWQI �*"4 
*"���4 �34 
" T0�f�  Y��� *" .��� �������S 
j��� '$
 �� #�
 �34 1  +2� ��7�� 0��  9�0D� \D� �� 9��=

�*" �F	< + 
�
��� ��*N4 *"���4 �34 *7<�\ �+�V �< + �*7< +4 "����4 ��� >��	��"�� 
" .�
 �� 4 
�  6��
 ���C�
CWQI �*"4 *"���4 *7<���  �" *"�*"100 � \D� �� +�7�� ��P� � .�
�� ��*N�2 �*" 6��
4 "����4  ���C� �"61 

�*
 #�+��� ���� �*�4 ��V�� ��1*� ��*N� 
� �*"4 *"���4 ��
��)� ������ +4 
" <*<�> ��C� �"�* 42  +40 �
��7�� &L�7� �� *�5� .��� )�%��2 � 6��
 ���C��/ *"��� 
" U�"*�4 /"�4 �+*=4  ���C� �"14 " 
� ��"�*(�� 

�*" 9��= )��" >��	���4 ��2 .��� �*"���  

	O53�2 ����S  ]+�?6  
� ��� )�%��3�����14 �		��+���` ��7�� �*" 9��=4 *"���4 �34  #��" .+�7�� T0�f�

" .��� ��� �� �]�b� )��	P�"�� 0�� �3*�����= �9��=�� J��* ) .�+��47 mg/L��� �(�)_ ) ]�0��1/1 mg/L �(

���h )410 mg/L	��� �(�@ )019/0 mg/L���� �(�h )025/0 mg/L) B+*� �(019/0 mg/L) q� �(024/0 
mg/L��� �(�)�� )206/0 mg/L) 9*� �(029/0 mg/L+� + (4 )05/0 mg/L
" ( � #�		��+��� '���P )��	P�7�� 
���	
�� .���
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(	� .�/01 �J0K�2  '��
Cr �Cu �Pb �Fe �Ni �Hg �Mn  +Zn L��� G�� ��� ��+�%�4 7;< �+�8��
 
��� 
	O53 + '"�� )���*F
 9EL�1�2 ��< 28� ����4 #����� ��*4 ��� +�"��  ]+�?) �
7.( �C��
� ��C��* 

#����� ��*4 #�
 
��5� �� �34  .�/01 �J0K 
� ��� )�%� �3��������� ��8� �+�V �" G��Pb  +Zn  �+�V �� *�5�
&<��2 #�
 �= #�+��� �� + #��"��2 ) 23� �J0K �'"�C� �� .���� ��*NFe�*" �� (� 
��5� = �+�V �� *<^�" �3���F	%4 

�� �o�7V )������� ���� ��.^� �#��� )EPA	O53 .�
 }��/� (��2 � �J0K�'$ )Ni����� #�+��� �� (� 
.�1*� ��*N ����� ) )���$53 + �fF� ���L� 
g*��2022 (
�7;< W�* � 4�3���+� �� G�� 9*� �J0K  �� 
���

#�*� }��/� ��8� �V �� *<�*1 2��� �� *L�V 
&��D� ��� ���� 
�7;< 
" W*%� 4�3 2���= �J0K 
���  .��� )�%� �� 4*<
�� WE��� 2�� 2��� �� 4���"� 9� ���< 9*� ���%"� �� �
�� ����<  @��/� 4�3
�7;<  
��� �]�� ��Fg � 

��_�+ 3�
�� �1�" �	���) G�� ����5�
 4�  �*�5� ��� #��� �*<CEC  �� 2���=pH  �� #��7��� 2�	O53 + (.+�7��
#�	�^� *�%�" h��*< + .+�7�� ��7�� �" #�g 9�  �a�58� �� .�
�" *<�+� 4�3���+� �� 4��+�%� + ������ 4�3

 
0Z�1 �	��� �0���P + #���� ����	$� 
CD	� �� 9*� ���$� �	��*=
�7;< ��  ~��� + 4���"� !�	� a�� �
���
2��&< �C� )� !58< �� G�� ����5�
�$�/�1 .����� #�		�  

����S  2�	O53 *L�V 
&��D�? �J0K 
� ��� )�%��#� )Hg
��5� �� ( �34 ��5< �� G��� �3��������� �+�V4  ����
�C��
� .��� #��" *<�*1 ��*"� 
��5� �34 7;< 28��
 
��� ��/ �� )�%� �
� ��(���2  .�/01 �J0KCr �Cu �Pb �Fe �
Ni �Hg �Mn  +Zn .��� �3��������� ��8� �+�V �� *<^�" 28� �� 6��
 �34 ��7� L��� G��� ��+�%�4  *J� ��

������ (	� .�/01 
"�2 � ���2 ��� ���� 
&��D��"�� ��� + �1*� ��*N�S  ]+��? �� )�7 �8  +9 .��� #�
 
j��� *" 
��C� Y����* ����� ��" 6��
� )PLIF?�< '"�N !58< �(� (	� .�/01 ���2 G�� �� �34 "����4 #�
  9��= �"

?+*�� 7;<�
 
��� .�%� #�3�%� �� ��)� ��*" ���� *Z�	P�� ? /01�#� ��5< ��� ��#�(�� �3 "�*�%�2 *L ���C��> 
������ )CF+� .�/01 �)� �� q= + ��� )�%� �� (4 ���� 9*� +4 ��C��* *<^�"4  ��CF .����" ����S  
� ��� )�%�
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��C��* CF ? 
" U�"*��#� ��5< ��� ��#�(�� �3 ����� #�+��� ��� �"��� ) ^�"CF≥6��V �� ����� ��*N (� 
� �*"4 
���* ��C� �.�/01�* CF  �� *�5��@ .�
 }��/�  

����� ��" 6��
 ���C�� )PLI�*" (4 ��5<� ��*" ���� *Z�	P� 7Z �" *"�*"�*� 
����� *�� .��C��*  6��

���2 (�
����� )Igeo��" �� (` 4 �< 17 n���* � Y��� *" .��"�(���2 ��C��* Igeo<*< ��> � ���C� *J� �� .�/01�2  6��



" G�� ��  .��ZMn>V>Zn>Cu>Cr>Ni>Co>Hg 
" .��� ��� 	O53��2 ��C��* �� ����� �+� 6��
��1� 
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F��# 7: 	h,l 4�;,= $! *�RP��� ��0 ��
+� �$�!�� �� ���� Y�<��L%� �� Y�< '�� ]/X 

.�/01 28�  M��5�1  M��5�2  M��5�3 
 M��5�

4  
 M��5�5  

 �V
 ���������

q����)1 
 +

 �)���$53
2013(  

MOEE 
LELb 

MOEE 
SELc 

�0�+����+�)2 
 �)���$53 +

2020(  

 

SQGd 
�$���+��)3 

 �)���$53 +
2018(  

 

EPA 
�+���5���+)4 

 �)���$53 +
2017(  

#����*�K 
 ������
����� 

 ����"
#���� 

 

Cr 6/78 5/28 2/25 86/19 6/19  2/23  4/43 26 110 25<  75⁓25 75> 25  

Cu 136 2/15 02/15 56/14 10/15  98/14  6/31 16 110 25< 50⁓25 50> 16 

Pb 6/76 85/5 23/5 20/7 40/6  85/5  8/35 31 250 40< 60⁓40 60> 40 

Fe 5/20 11815 10560 10200 9560 11900 - 20000 40000 - - - 30 

Ni 85/80 80/31 6/29 6/21 9/34 6/30 - - - 20< 50⁓25 50> 16 

Hg 3/80 53/5  2/62 52 49 52 - 2/0 2 - - - - 

Mn 478 390 375 365 342 402 - 460 1100 - - - 30 

Zn 6/500 05/36 05/38 41 51  42 121 120 820 90< 200⁓90 200> 110 
b Ministry of Environment and Energy (MOEE), Lowest Effect Level (LEL). 
c Severe Effect Level (SEL). 
d Sediment Quality Guidelines (SQG). 

F��# 8: ��!�J� CF W�X �%�� ��0 ��$��/   

                                                      
1 Edris 
2 Ustaoglu 
3 Kowalsku 
4 Weissmannova 

Overall
Date Group Temp Condl Color Turb DO PH Alk Ca Na Mg K Sulphate Chloride Fluoride DOC P Nitrate N Si Al As Ba Be Cd Co Cr Cu Fe Hg Li Mn Mo Ni Pb Se Sr V Zn

(°C) (uS/cm) (TCU) (JTU) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
1 12/23/2000 1 27 1.1 7.83 230 410 66.97 310 305 71.3 79 0.019 0.025 0.036 0.019 0.024 0.0025 0.128 0.02 0.206 0.016 0.029 0.05

Drinking
Date Group Temp Condl Color Turb DO PH Alk Ca Na Mg K Sulphate Chloride Fluoride DOC P Nitrate N Si Al As Ba Be Cd Co Cr Cu Fe Hg Li Mn Mo Ni Pb Se Sr V Zn

(°C) (uS/cm) (TCU) (JTU) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
1 12/23/2000 1 27 1.1 7.83 230 410 66.97 310 305 71.3 79 0.019 0.025 0.036 0.019 0.024 0.0025 0.128 0.02 0.206 0.016 0.029 0.05

Aquatic
Date Group Temp Condl Color Turb DO PH Alk Ca Na Mg K Sulphate Chloride Fluoride DOC P Nitrate N Si Al As Ba Be Cd Co Cr Cu Fe Hg Li Mn Mo Ni Pb Se Sr V Zn

(°C) (uS/cm) (TCU) (JTU) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
1 12/23/2000 1 27 1.1 7.83 230 410 66.97 310 305 71.3 79 0.019 0.025 0.036 0.019 0.024 0.0025 0.128 0.02 0.206 0.016 0.029 0.05

Recreation
Date Group Temp Condl Color Turb DO PH Alk Ca Na Mg K Sulphate Chloride Fluoride DOC P Nitrate N Si Al As Ba Be Cd Co Cr Cu Fe Hg Li Mn Mo Ni Pb Se Sr V Zn

(°C) (uS/cm) (TCU) (JTU) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
1 12/23/2000 1 27 1.1 7.83 230 410 66.97 310 305 71.3 79 0.019 0.025 0.036 0.019 0.024 20 0.128 0.02 0.206 0.016 0.029 0.05

Irrigation
Date Group Temp Condl Color Turb DO PH Alk Ca Na Mg K Sulphate Chloride Fluoride DOC P Nitrate N Si Al As Ba Be Cd Co Cr Cu Fe Hg Li Mn Mo Ni Pb Se Sr V Zn

(°C) (uS/cm) (TCU) (JTU) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (µg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
1 12/23/2000 1 27 1.1 7.83 230 410 66.97 310 305 71.3 79 0.019 0.025 0.036 0.019 0.024 0.0025 0.128 0.02 0.206 0.016 0.029 0.05
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U�C� CF 
Co Ni Cr Cu Pb V Mn Zn Hg 

1 276/0 37/0 27/0 095/0 41/0 19/0 41/0 51/0 5/432 

2  256/0 35/0 24/0 093/0 37/0 18/0 39/0 54/0 452 

3 248/0 25/0 19/0 091/0 51/0 19/0 38/0 55/0 3/425 

4 284/0 41/0 19/0 094/0 44/0 20/0 36/0 72/0 416 

5  304/0 38/0 20/0 093/0 41/0 26/0 42/0 60/0 2/423 

F��# 9: ��!�J� PLI � Igeo W�X �%�� ��0 ��$��/   

U�C� PLI Igeo 
 Co Ni Cr Cu Pb V Mn Zn Hg 

1  0 84/6 79/10 92/10 25/9 77/5 8/10 9/17 7/10 2/4 

2   0 73/6 82/10 74/10 23/9 60/5 7/10 8/17 8/10 1/4 

3  0 71/6 69/10 39/10 18/9 07/6 8/10 8/17 8/10 3/4 

4  0 86/6 24/10 38/10 22/9 11/6 9/10 7/17 2/11 1/4 

5  0 90/6 83/10 50/10 15/9 77/5 9/10 9/17 9/10 2/5 

F��# 10: ��!�J� EF W�X �%�� ��0 ��$��/  

U�C�  EF 
Co Ni Cr Cu Pb V Mn Zn Hg 

1  9/1 6/2 9/1 7/1 9/2 3/1 85/2 57/3 774 

2  6/1 2/2 5/1  5/1 3/2 4/1 45/2 38/3 853 

3  6/1 7/1 3/1 6/1 4/2 3/1 52/2 62/3 773 

4  6/1 4/2 1/1 7/1 6/2 2/1 02/2 28/4 766 

5  9/1 5/2 5/1 6/1 7/2 3/1 77/2 91/3 581 

F��# 11: ��!�J� ADD $! W�X  

U�C�  ADD  
Co Ni Cr Cu Pb Mn Zn V 

1 8 -10×48/2 7 -10×14/1 7 -10×02/1 8 -10×49/5 8 -10×11/2 8 -10×48/2 8 -10×3/1 11-10×2/8  

2 8 -10×30/2 7 -10×07/1 8 -10×07/9 8 -10×41/5 8 -10×88/1 8 -10×48/2 8 -10×37/1 11-10×6/7  

3 8 -10×23/2 8 -10×78/7 8 -10×15/7 8 -10×24/5 8 -10×59/2 8 -10×48/2 8 -10×66/1 11-10×7/7  
4  8-10×55/2 7 -10×26/1 8 -10×05/7 8 -10×44/5 8 -10×3/2 8 -10×48/2 8 -10×84/1 11-10×3/8  

5 8 -10×59/2 7 -10×17/1 8 -10×32/8 8 -10×39/5 8 -10×11/2 8 -10×48/2 8 -10×51/1 11-10×3/8  

F��# 12 :��!�J� HQ ��
+� ��0 W�X  

U�C� HQ 
Co Ni Cr Cu Pb Mn Zn 

1  11-10×35/1 10-10×6/7 7 -10×9/1  9 -10×3/1 7 -10×75/1 9 -10×34/2 7 -10×6/3 

2   11-10×25/1 10-10×10/7 7 -10×6/1 9 -10×28/1 7 -10×56/1 9 -10×25/2 7 -10×8/3 

3   11-10×21/1 10-10×18/5 7 -10×32/1 9 -10×24/1 7 -10×16/2 9 -10×24/2 7 -10×6/4 

4  11-10×38/1 10-10×37/8 7 -10×30/1 9 -10×29/1 7 -10×92/1 9 -10×05/2 7 -10×1/5 

5   11-10×40/1 10-10×82/7 7 -10×54/1 9 -10×28/1 7 -10×75/1 9 -10×45/2 7 -10×2/4 
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1 Jaramillo 
2 Restrepo 
3 Ofori 
4 Marais 
5 Waqas 
6 Kinuthia 
7 Meng 
8 Netzer 
9 Ganjegunte 
10 Kallel 
11 Mushtaq 
12 Khan 
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1 Cherfi 
2 Dikinya 
3 Areola 
4 Farrag 
5 Abdelrahman 
6 Al-Ajmi  
7 Dahmouni 
8 Khan 
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