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Abstract  
Chlorine has the high oxidation power of natural organic matter in water. Chlorine injection 
produces disinfection by-products as carcinogens and more dangerous (THMs). We used 
descriptive and hierarchical analysis to understand the characteristics and dangerous factors 
affecting human health in the face of DBPs in the drinking water of Tabriz City. This research 
was done in order to provide key and strategic information to perform managerial and practical 
measures to reduce the risk of cancer and non-cancer. Monitoring and analysis was done by 
collecting sufficient samples of this research in the dry and wet seasons of the year, focused on 
the relative factors of the population density of the region and the topography of the urban fabric 
for functional and management zoning of drinking water distribution network in Tabriz City; 
Also, by reading some physical and chemical parameters at the sampling site. Samples were 
transferred to the laboratory in the shortest possible time and samples were prepared and 
trihalomethane compounds were measured by gas chromatography and mass spectrometer 
detector. The results showed that the highest average concentration in the Urban network, 
belongs to the region where a higher percentage of surface water is supplied, which is 
chloroform 1.3049 ppb, bromoform 2.0961 ppb, bromodichloromethane 2.7713 ppb and 
dibromochloromethane 4.1891 ppb, which is still less than the guidelines stated by the National 
Standard of Iran and USEPA and WHO. Conclusion: The results were divided into several 
subgroups in terms of dry or wet season, different urban areas, surface water or underground 
water as a source to evaluate the risk of human health. In addition, we also estimated population 
health risks by gender and age. In the time division, the health risk from exposure to DBPs in 
drinking water in the wet season was 7.3% higher than the dry season. The total cancer risk for 
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people living in the area all their life was 7.63E-06. Also, the non-carcinogenic hazard index 
(HI=3.43E-02<1). It shows that there is no health risk in the present situation. In the age and 
gender division, the health risk assessment of men exposed to DBPs compared to women was 
equalized as an adult group. But there were differences between different age subgroups. The 
risk of developing cancer in children was 52% higher than in adults. 

Keywords: Human Health Risk Assessment, Disinfection By-Products, Trihalomethanes, 
Cancer, Drinking Water. 
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��6�
 �+
)Babaei et al., 2013(.
���
 $8�� �� 2	��>%� ]y�]����6�
 �TH� N��$�H� ���>;�
�4�+#  ���� 2��OZ	 �
	�
 	� �
g�N��=$�>�� ������� $�	 ���%� 
(9 ���� Nb)	 (���� )Bina et al., 2012(.

2�4(%K� �H�R� $8��� �� 2	���>%�]y�y !�f����� ���TH� 

�# 2���+��� �����>;� ��(�����  � ��� 2���� ��1 8��� 
��� 
�] �#�g	���%� 
����	(����	 �	 �H� $!��
 ��HH%�	 Nb�)	 (�����

)Mohammadian Fazli et al., 2015(.
'��+G $ 2	� 8�� �� 2	��>%� ]y�y���6�$3?�����
 �+�T�� 
����
 
�# �TH� 2���+��� ���� � �� ��� k�;)�(��
 N����	 

!�f���� �(� �TH� 
��# 2����+��� ��� 	����%� �	�+�%��� ����Q�
��	(����	 V�A�AK# $����Z 2	�4	 Nb)	 (�����.(Khordedan et 

al., 2014) .
BM;�	�/��4 $8���� �� 2	����>%� ]y�y!�f������ �:��� ���TH� 
�� N��$�H� �>;� ��4�+#  � ��� ���� 2	���# ��8��� ]y�� 	�
�
 �
	�
 �/y�N�=$�>�� ������ $��%� �	(�9 ����� Nb�)	 (����� 

)Yazdanbakhsh et al., 2014(.
{4��� B�$3? 
�	(�H) $8��� �� 2	���>%� ]y�z��f����
 2�

�+
 ��!�f���� ��TH� N���$�H� ���>;�� ��4�+#  �����  ��� 
(�6� �
	�
 ��
 �/yN��=$�>�� ������� $���%� �	����� (�9 ���	

)Alidadi et al., 2015(.
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Fig. 1. Geographical location of the sampled points, Sc. 1:50000 
@#��8��+%� ��A� �4���	�W& ���-+� '(� 
�	��
 k��A� �
a:miiii 

��.?�8
�# �TH� 2���+��� N�=$�>�� o�9�
 /4�;#  ��  � �� ������ �����8�� 8$	 '��]z�� 
Table 1. Concentration of THMs in Tabriz drinking water during 8 months of the year 

Sample City Address Date Total 
THMs CHCl3 CHBr3 CHBrCl2 CHClBr2

1

Tabriz 

Yakhchyan March 26, 
2021 1.5562 0.3 0.3 0.3552 0.601 

2 Baghmesheh March 26, 
2021 10.7319 1.623 2.1017 2.6654 4.3418 

3 Ravasan March 26, 
2021 7.8117 2.1239 0.4698 2.9345 2.2835 

4 Andisheh April 21, 2021 7.0655 2.014 0.3398 2.2654 2.4463 
5 Valiasr April 26, 2021 4.8464 1.0363 0.3851 2.1695 1.2555 
6 Selab June 1, 2021 10.4806 1.2631 2.1478 2.9241 4.1456 
7 Elgholi June 7, 2021 1.4411 0.3083 0.3 0.3068 0.526 
8 Marzdaran June 29, 2021 1.7024 0.402 0.3 0.3052 0.6952 
9 Hafez July 3, 2021 3.6833 0.3369 0.3279 1.9823 1.0362 

10 North 
Fereshteh Aug 9, 2021 10.3793 1.2471 2.0142 3.1334 3.9846 

11 Shanb Ghazan Aug 21, 2021 7.4218 2.1096 0.3021 2.9843 2.0258 
12 Andisheh Aug 29, 2021 6.9048 2.1741 0.3021 2.107 2.3216 
13 Gholkar Sep 16, 2021 3.8306 0.8975 0.3001 1.6478 0.9852 
14 Elahi parast Oct 3, 2021 1.494 0.3051 0.3 0.3077 0.5812 
15 Aref Oct 11, 2021 3.7929 0.8861 0.321 1.5422 1.0436 
16 Yosef abad Oct 25, 2021 9.8543 1.0866 2.1208 2.3624 4.2845 
17 Bazar Nov 1, 2021 4.438 0.9863 0.4875 1.6987 1.2655 
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 �HH%�	 
	�
 (9���� V�;���# 
�# 2���+��� ���
���  ���(�����μg. L-� 
Table 2. Guidelines of national and international organizations for the permissible limit of THMs  

in drinking water resources μg. L-� 

StandardCHCl3CHBr3CHClBr2CHBrCl2THMs

ISIRI, 1053, 5th 300 100 100 60 o pqrs
tutvt ≤ 1

w

1��

WHO, 2006 300 100 100 60 o pqrs
xqy ≤ 1

w

1��


�!%�	HH�H� $�8$(& ��gX$� ��;��K� ������]��(�	+# L�M#	 
�+� 

)](1
GV
C

GV
C

GV
C

GV
C

chloroform

chloroform

BDCM

BDCM

DBCM

DBCM

bromoform

bromoform ≤+++

�� 2� �� 
C$ �TH� GV��	 '(� �+%��� ���� (9 

)g(1124.0
60
1334.3

100
3818.4

100
1478.2

300
1741.2

≤=+++

�8:8Q��O) � @"
G* 

��+%� �	��

;��� S�	�# �
 ��A� �	��%& �� ��*%� $ ����
 �;��� !
# �
���"��KJ�) '(� !�4� �4������>O# 2�>�	 $ (�$^���? (��


(� N���	 �&  ���  � ��� ���	 ���L �
 N�_ . �42�4�>;�� �� ����� 

�+#4O,# �	 ���� $ (��� ���G�$� $�  � �4��'�7 $ �$� ���
�(����
�;# ��� D	�1	4# /"��� !�$ �+��f%� ^�7+� $ |�/
 2��M� �


;�#�������� (;��� �� '(� �
�� x��~%? ��(�+�����? �� 8����� �	
� V�+Z����	��(�=�4+��P4N���	 ����+� �+# �>;�� ��
 $�4��	$ �

�����
 �� .(�+�����4��+%� {	 �� �4 ��  ��#��
 ��+�� !���� �+��
 ���# ��TH�
2�����+��� �;#  ����  � �>;��� ��� �49�� �����7 �� /��� �
��	 V$�O��$A���� ���;#�	��# ��;�� ��
 S"��KJ��) '(�� !��4�

�4������8$(& �� �� ��	� (y�'(�.��	 
:>�g��# �TH� B��	�? 
2����+��� ����=���7 01���� �� ���

��#4� 2�6� 	� '(� c���� �>;� �� (��
<W# �
 �;��4�+�JG �
��;� �	 8�A��	
O,#�����G '�7 $ �� ��
�4���������+# 4��	 ����.

	4���+# !4f����9	�1 $��	�=+?+# k��	 �
 �>;���;# ��� �4 $ /

�;� �
��
6���+� ���� $ ��/4�����
~%?�.��	 '(� N���	 x� !�4	 ��
 

 �� V�+Z��� (c�	) �AJ��  ��  � ��6 !4���6�
 ��# ��TH�

2���+��� O,# �	 ��	� 	� �����
� �
KJ��#"��� !��+� �� �	+� $�
��
�
KJ��? �-	$ �� $�B�����
�4	��(��= �;���& V_+,K�

:%�K� :
�A� �JA� �� .��	 �#��4� $ �# ��
 $(�) ��AJ�� �� �#���;)
'(�4_� $ V�;���# !4��%� �� '(���6� 2� �� �4	��(��= �;��& 
��

  ��  � ��AJ�� ��	�=+?+# $ ���>� ���-+� �
 �&+# �
 ���	 '(�
B�? !4��%� �� '(� !��"# ������4� �
��� �	 �4�+# �>;� 
������

 ��AJ��  ���  � ��6�
 .(��	� 	� �4	��(�= �;��& V_+,K� ( )
��� !���# �KJ� 
��
� ��O,# �	 /�� ��AJ�� ��(������  � $ �+��

�
 (�)'��7 $ '(�� ��O�,# �KJ�� 
���
� �	 �)+%�� V�+Z 
���
�� !��"# ������4� .�+� 

:>�y��f����# �TH� !
2����+��� �N���$�H�) ��� �N��+���
 
2���+��
 
�$�H� $��# ���=���7 01��� �� (2���$�H� 
�+��
4�O�
��� 2���6� 	��� ���� (����
!�f������ !4����6�
 2�����$�H�+�$�


 ��TH�ppb  yz]�/z��TH� !�f����� !4���%� N���$�H� $ppb  
����/]
� (�) ���AJ�� �� !����*%� $ ��	� 	� (c���	) ���AJ�� ��

 ��
 2����$�H�+�$�
ppb  �/���
 N��+��$�
 $ppb  y/���
 #�# �� o
��f���
 !���64��%� $ !4	� �TH� !(���	�.

�8�82�,D� >��� q,A� Q)�A6��]

��9 �����# �����4� c�4��
H� �	�� �%4&$^�� ���� �+	���EPA 
�4	�
 �R� V	�P	 8�%�9	 	� ^�
2����	 ��b� �4� ��S��� ���


x+�+�	4>���������� �� !���=�	�- �	 �4 k����	 :���) ^	�

K��J���.(�	� 4k���	 :��) ^� �+&+� �� �	��/4>��� ��%����4 

1 Human Health Risk Assessment 
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�# 
�� 2���+��� �O4��# �AJ�� ���7 �� �� 
Table 3. Distribution of THMs concentrations in four defining regions 

Zone Sample City Address Date Total 
THMs CHCl3 CHBr3 CHBrCl2 CHClBr2

A

2

Tabriz

Baghmesheh March 26, 
2021 10.7319 1.623 2.1017 2.6654 4.3418 

6 Selab June 1, 2021 10.4806 1.2631 2.1478 2.9241 4.1456 

10 North 
Fereshteh Aug 9, 2021 10.3793 1.2471 2.0142 3.1334 3.9846 

16 Yosef Abad Oct 25, 2021 9.8543 1.0866 2.1208 2.3624 4.2845 

B

3

Tabriz

Ravasan March 26, 
2021 7.8117 2.1239 0.4698 2.9345 2.2835 

11 Shanb 
Ghazan

Aug 21, 
2021 7.4218 2.1096 0.3021 2.9843 2.0258 

4 Andisheh April 21, 
2021 7.0655 2.014 0.3398 2.2654 2.4463 

12 Andisheh Aug 29, 
2021 6.9048 2.1741 0.3021 2.107 2.3216 

C

5

Tabriz

Valiasr April 26, 
2021 4.8464 1.0363 0.3851 2.1695 1.2555 

17 Bazar Nov 1, 2021 4.438 0.9863 0.4875 1.6987 1.2655 
13 Gholkar Sep 16, 2021 3.8306 0.8975 0.3001 1.6478 0.9852 
15 Aref Oct 11, 2021 3.7929 0.8861 0.321 1.5422 1.0436 
9 Hafez July 3, 2021 3.6833 0.3369 0.3279 1.9823 1.0362 

D

8

Tabriz

Marzdaran June 29, 
2021 1.7024 0.402 0.3 0.3052 0.6952 

1 Yakhchyan March 26, 
2021 1.5562 0.3 0.3 0.3552 0.601 

14 Elahi Parast Oct 3, 2021 1.494 0.3051 0.3 0.3077 0.5812 
7 Elgholi June 7, 2021 1.4411 0.3083 0.3 0.3068 0.526 

Fig. 2. Distribution of THMs concentrations 
in quartile regions, Sc. 1:50000 
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Fig. 3. Average concentration of THMs 
in quartile regions 
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Table 4. USEPA guidelines for carcinogenic 

classification of THMs 

CHCl3 B2 
Probable human 

carcinogen 

CHBr3 B2 
Probable human 

carcinogen 

CHClBr2 C
Possible human 

carcinogen 

CHBrCl2 B2 
Probable human 

carcinogen 
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2 Cancer Risk Assessment  
3 Cancer Slope Factor (CSF) 
4 Inhalation Unit Risk (IUR) 
5 Risk Assessment Information System (RAIS) 
6 Non- Cancer Risk Assessment 
7 Reference Dose (RfD) 
8 Reference Concentration (RfC) 
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Table 5. Input variables based on RAIS 

EFr day/years Exposure frequency 350

EDr years Exposure duration-resident 26

ED0-6 years Exposure duration (first phase) 6

ED6-26 years Exposure duration (second phase) 20

LT years Life time- resident 70

ETr hours/day Exposure time 24

EVc events/day Event child 1

BWa kg Bode weight-adult 80

BWc kg Bode weight-child 15

EDc years Exposure duration-child 6

IRWa L/day Water intake rate-adult 2.5

IRWc L/day Water intake rate-child 0.78

K L/m3 Volatilization factor of andelman 0.5

SAa cm2 Skin surface area-adult 19652

SAc cm2 Skin surface area-child 6365

ETc hours/event Exposure time-child 0.54

IFWadj L-yr/kg-day Adjusted intake factor 0.937

DFWadj cm2-yr-hr/kg-day Adjusted dermal factor 4863.07

ETa hours/event Exposure time-adult 0.71

EVa events/day Event adult 1

Kp cm/hr Skin permeability coefficient 

CHCl3 6.83E-03 

CHBr3 2.35E-03 

CHBrCl2 4.02E-03 

CHClBr2 2.89E-03 

��.?K.^�4� �
�4��	 V�)b1	 k��	 �
 �O�# ^�4� (9	$ $ 2�1�� o�� �+����RAIS 
Table 6. Cancer slope factor and inhalation unit risk based on RAIS 

Compound 
CSF

(mg/kg.D)-1 
IUR  (ug/m3)-1 

CHCl3 3.10E-02 2.30E-05 

CHBr3 7.90E-03 1.10E-06 

CHBrCl2 6.20E-02 3.70E-05 

CHClBr2 8.40E-02 2.70E-05 
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Table 7. Cancer risk assessment 

Compound CHCl3 CHBr3 CHBrCl2 CHBr2Cl 

Average concentration (ug/L) 1.30E+00 2.10E+00 2.77E+00 4.19E+00 

Total 

Ingestion carcinogenic CDI 
(mg/kg-day) 

1.67E-05 2.69E-05 3.56E-05 5.38E-05 

Inhalation volatiles carcinogenic 
CDI (ug/m3)

2.32E-01 3.73E-01 4.94E-01 7.46E-01 

Dermal carcinogenic CDI 
(mg/kg-day) 

5.94E-07 3.28E-07 7.42E-07 8.07E-07 

CSF (mg/kg.day)-1 3.10E-02 7.90E-03 6.20E-02 8.40E-02 
IUR (ug/m3)-1 2.30E-05 1.10E-06 3.70E-05 2.70E-05 
Ingestion risk 5.19E-07 2.13E-07 2.21E-06 4.52E-06 7.45E-06 
Inhalation volatiles risk 5.34E-06 4.11E-07 1.83E-05 2.01E-05 4.42E-05 
Dermal risk 1.84E-08 2.59E-09 4.60E-08 6.77E-08 1.35E-07 
Total risk 5.43E-07 2.16E-07 2.27E-06 4.60E-06 7.63E-06 
Total risk % 7.11% 2.82% 29.74% 60.33% 100.00% 

��.?d8V�)b1	 k��	 �
 �TH� ������ (9 $ �H
 ������ (9 

^�4� �
�4��	 RAIS 
Table 8. Reference dose and reference 

concentration based on RAIS 

Compound RfD
(mg/kg. D) 

RfC
(ug/m3)

CHCl3 1.00E-02 9.77E-02 
CHBr3 2.00E-02 -
CHBrCl2 8.00E-03 - 
CHClBr2 2.00E-02 -

��.?e8���1����� ^�4� �
�4��	 
Table 9. Non-Cancer risk assessment 

Compound CHCl3 CHBr3 CHBrCl2 CHBr2Cl 
Average concentration (ug/L) 1.30E+00 2.10E+00 2.77E+00 4.19E+00 

Total 
 

Ingestion noncarcinogenic CDI 
(mg/kg-day) 4.51E-05 7.24E-05 9.58E-05 1.45E-04 

Inhalation volatiles 
Noncarcinogenic CDI (mg/m3) 6.26E-04 1.00E-03 1.33E-03 2.01E-03 

Dermal noncarcinogenic CDI 
(mg/kg-day) 1.60E-06 8.83E-07 2.00E-06 2.17E-06 

RfD (mg/kg-day) 1.00E-02 2.00E-02 8.00E-03 2.00E-02 
RfC (mg/m3) 9.77E-02 - - -
Ingestion HQ 4.51E-03 3.62E-03 1.20E-02 7.24E-03 2.73E-02 
Inhalation volatiles HQ 6.40E-03 - - - 6.40E-03 
Dermal HQ 1.60E-04 4.42E-05 2.50E-04 1.09E-04 5.62E-04 
Total HI 1.11E-02 3.67E-03 1.22E-02 7.35E-03 3.43E-02 
Total HI % 32.28% 10.69% 35.62% 21.41% 100.00% 
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Fig. 4. The share of each THMs in cancer risk 
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