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Abstract 
The aim of this study was to develop a model for estimation of major THMs produced as a result of river water 
disinfection. Experiments were designed for this purpose and different ratios of Cl2 to DOC were created in 
water samples to which were then added different concentrations of bromide ions. After the incubation period, 
analyzers were used to measure natural organic compounds, TOC, and DOC in the samples and the data thus 
obtained were fed into the SPSS software. Moreover, multivariate regression analysis was performed to extract 
the relevant statistical model. Four different formulas were obtained for predicting the rate of each of the THMs 
produced. Reaction time and bromide ion concentration were identified as the main factors involved in the 
production of THMs in the water supply investigated. In addition, the carcinogenicity of THMs in water samples 
reached its maximum with bromide concentrations between 207 and 246 µg/l. The formulas obtained in this 
study can be used as a simple and accurate tool for the initial estimation of THMs production in different water 
supplies.  
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2 Tert�Butyl Methyl Ether (MTBE) 
3 Stand Alone 
4 Varian\Ian 235 

@#�y&� 0
U -���#9� A0� � *Q��e> � �i#�% � @��4&�� �� ����
SPSS16 �#$ (M�H *��M
� �  �#� .06 @��4&� 5� -�&��<�� -�
3

) 5&��'�� #&�����>Y� i���" =� (���4�� ���� �D$#��� �����#&���> � (
*R��/$ -��� _��6 *�%�#�� � #6Cl2/DOC *pH ���� *(�M�H �

5� *0 ���#� -�  ��� .0�6 5�&�#9 #�M% �� _z&�'� ����#&���> -��
3 
����?$ C #�` *-����#9� 5�B�� �� _z&�'� ����#�y&� -�� �#c

 ) #&�����> #��� ���[�:rpt �� ����#&���> � #$#g���� *5��^�&% �� � (
Q�> �#$ �0z� �
�� -�&��<�� 5�B�� @� � dp�� .0%0�6 |,G� ��

 ���#^$Y=10b0 X1
b1 X2

b2 ¼ Xi
bi 5�B�� A���?� 5�� �/& ���	<

Log10Y = log10b0 + b1Log10X1 + b2Log10X21/4 + biLog10Xi
A0� *(� Q�> ��� �#$ �0z� �
�� -�&��<�� ���
�/� .0�6 0�<�$ ��

�#$ � �6�% -�Z#� �D'% #B" *5?<�B� �%� �> Q,� �� -�&��<�� ��
06 ����#� -�Z#� ��0c �����&��� R�� #�]JK[.

 �*+, 	 -#�!� 
A�0���:KQ ������� � _���1�� t ����&% -����G% � ����%�#�� ������ 

�� _�6 .0��)�#�$ _���G$ ��
�
� ��� -��G% � -��&��<�� .0��� 
_�6JxQ�> # ��z� ��� -���#9� ������/% *� �$ +< @0�6 ��
��

 ���� � @��4&� ��)�$L@�0�% # ���z� #��#� �� � �#��9 ��� *@0�6
 -�
�/Z ��0�bV�� -�G% *01�� _��6 .0���Kx-��  #�g *+�<

 �#��$ �<���� ��� ��$ #��� 0�� ���#� -���&��<�� ���� -���G% � ���� � 0���� 
_�6Kx�#� -�  #g =�#$ -�Z#� �D'% #B" #� 0 �� -�&��<�� ���

5� �<�� (D'% � �?��$ -�
3Br-/DOC ��� -��G% � ����� .0���
 @��/6)�$LQ�> ���� *��% �#$ O�% 0�<�$ �0z� �
�� -�&��<�� ��
5��� � ���� #���#� R���/$ -����� � �?����$ -���
3Y���$)Y] *(3����

Cl2/DOC ���V/f��$K*pH ����Y��$]*���� �����)V��$JV
���� 0 ���#� -�  (M�H � R��'�� 5:��)f��$Kff i#�9�#���

�� -�G% � #&�< �� .0�� 

4~5���#$ _��G$ �
�
� -�&��<�� ����) ��)V�$JV5:��
R��'�� *pH ���Y�$]��� 0 ���#� -�  (M�H *V/]�$

Kff (D'% � #&�< #� i#9�#���Cl2/DOC ���V/f�$K(

5 Stepwise 
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3	�� ��#$ (M�H @��0�� � ���?� 7#�% *��	%��� -�&��<�� Q ���� �� �� ��� R�/$ -��� ��) �%�#�� ���Y�$)Y] ((3�� 
TBrTHM CHCl3 CHCl2Br CHClBr2 CHBr3 TTHM 6#���� �
�Z5
�/�j±j/ll

(n/��–�/ln)
j�/n±n/jj

(jl/j�–j�/�j)
�/nl±j/l�

(n/��–�/��)
�/jjn±�/n�
(�/�–�/��n)

|�,G$ _��c#�H 
j�±�/��

(jn/��–l�/��)
)

�/jn±j/�n
(l/�–�/��)

j�/l±�/j�
(jn/��–lj/n�)

�/�j±j/ln
(n/l�–�/��)

|�,G$ _��c#�H |�,G$ _��c#�H 
lj±�/��

(j�/��–l�/��)
l

�/n�±j/j�
(n/j�–�/��)

ll/n�±�/jj
(j�/l�–l�/��)

�/jj±j/j�
(n/�j–�/lj)

|�,G$ _��c#�H |�,G$ _��c#�H 
ln/�±�/j�

(j�/n�–nj/��)
n

�/��±j/jl
(n/��–�/j)

l�/j�±�/lj
(jl/�n–l�/n�)

n/��±j/��
(l/nn–�/�j)

|�,G$ _��c#�H |�,G$ _��c#�H 
ln/�±jj/n

(jl/j–n�/�)
�

�/n�±�/��
(n/�l–�/l�)

l�/�±�/�j
(l�/j�–n�/�j)

�/��±�/��
(�/�j–�/nj)

�/ll±�/l�
(�/�–�/��)

|�,G$ _��c#�H 
n�/l±�/j�

(l�/��–�j/n�)
�

n/��±j/ln
(l/�j–�/��)

j�/l±n/��
(j�/�l–j�/��)

n/��±j/��
(j/��–�/��)

|�,G$ _��c#�H |�,G$ _��c#�H 
j�/��±n/�j

(jn/��–l�/ .n )
�

�/�n±l/��
(n/��–�/�j)

l�/n±�/��
(j�/n�–n�/l�)

�/��±l/��
(n/�l–�/��)

�/�jl±�/�l
(�/l�–j/jn)

|�,G$ _��c#�H 
n�/j±j�/�

(j�/�–��/�)
�

n/��±�/��
(n/��–�/��)

j�/�±n/��
(jl/�n–l�/n�)

n/��±j/�l
(l/��–�/��)

|�,G$ _��c#�H |�,G$ _��c#�H 
l�/�±�/�l

(j�/��–l�/�l)
�

�/��±j/��
(�/��–�/��)

lj/��±�/j�
(j�/��–l�/ll)

�/nl±j/�l�
(n/l�–�/n�)

|�,G$ _��c#�H |�,G$ _��c#�H 
l�/�±�/ln

(ll/��–n�/�n)
�

nl/�±jl/n
(l�/l–��/�)

j�/�±n/l�
(jj/��–j�/j�)

j�/�±�/n
(jj/l–ln/�)

jn/�±�/l�
(�/ll–j�/��)

l/lj±l/�j
�/l–�/ll

��/�±l�/�
(l�/l–��)

j� 

n�/l±j�/n
(j�/�–�j/�)

�/��±l/��
(�/�j–jl/�j)

j�/�±�/l�
(j�/n�–l�/��)

j�/n�±�/n�
(�/�j–lj/�j)

n/l�±j/��
(l/j�–�/nn)

��/n±l�/��
(ln/�j–��/j�)

jj 

��/n±l�/jl
(l�/j�–��/�l)

�/lj±j/jl
(�/��–j�/nn)

j�/l±�/nl
(�/��–lj/�l)

l�/j±�/��
(j�/nl–l�/��)

�/��±l/jj
(�/��–�/��)

��/l±l�/n
(ln/�–��/�)

jl 

(+<)(=)

(F)(�)
4~5�x+< xQ�> # ��z� -���#9� �
�� @06@��4&� �� 5B�� �)@�0% # ��z� #�#� �� �#�9 @06*-�
�/Z ��0� ��bV01��*=�# ��z� -���#9�

Q�> �
�� @06@��4&� �� 5B�� �J@�0% # ��z� #�#� �� �#�9 @06*-�
�/Z ��0� ��bV01�� *FxQ�> # ��z� -���#9� �
�� @06 
�5(�� 5B�� � @0��K@�0% # ��z� #�#� �� �#�9 @06*-�
�/Z ��0� ��bV01�� � �xQ�> # ��z� -���#9� @06 �
�� �� 

@��4&� 5B�� �L@�0% # ��z� #�#� �� �9@06 �#*-�
�/Z ��0� ��bV01�� 
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(+<)

(=)
4~5 x+< x#g�#$ �<�� � ��$ #� 0 ���#� -�  -�&��<�� ��*
=x#� 0 ���#� -�  #g �#$ -�Z#� �D'% #B" -�&��<�� ��

5� �<�� (D'% � �?��$ -�
3Br-/DOC 

5B��)Q�> �#�$ _�� 0�<�$ �0z� �
�� ) -��&��<��TTHM � (
�� -�G% 0�� 

TTHM= 10-1.246(t) 0.231(Cl2/DOC) 0.147(pH  ) 1.73(Temp) 

0.456× ([Br-]) 0.202 (R2
adj= 0.85, p<0.0001, n=72) ))(

5B��JQ�> �#�$ _� 0�<�$ �0z� �
�� -��&��<�� 5�
���#� ����
)TBrTHM�� -�G% � ( 0�� 

TBrTHM= 10-3.567(t) 0.245 (pH  ) 3.143(Temp) 0.311× ([Br-]) 

0.546 (R2
adj= 0.92, p<0.0001, n=72)                  (J)

5��B��KQ���> -���&��#�� �������#��
� 0���<�$ �0��z� ���
��
)CHCl2Br�� -�G% � ( 0�� 

CHCl2Br_= 10-3.985(t) 0.282 (pH  ) 2.654(Temp) 0.432× ([Br-]) 

0.342 (R2
adj= 0.85, p<0.0001, n=72)         )K(

5B��LQ�> ) -�&��#�� �#$ 0�<�$ �0z� �
��CHCl3(� ( 

CHCl3= 10-0.712(t) 0.231(Cl2/DOC) 0.242(pH  ) 1.324(Temp) 

0.511× ([Br-]) 0.156 (R2
adj= 0.85, p<0.0001, n=72) )L(

�� -�G% P�� 5%�9���U ���� ���#� :5� 0�� 
+<x�#$ _� 0�<�$ �0z� -��&��<�� ����/$ ��� �/�z&�'� 5�B�� *���

 -���� _���6 *��� �%�#�� � #6 � =� (�4�� 5� q��#� ���#�y&�
 *#�� �� *R�/$pH .0 ���#� -�  (M�H � ��� *

=x�#��$ _��� 0���<�$ �0��z� -���&��<�� �� ����#��
� � 5��
���#� �����
 ��#� ���#�y&� �� �/�z&'� 5B�� *-�&��#�� ��%�#�� � #�6 5�� q�

�
?� 5B�� �� ���� (D'% �� ���Cl2/Br .��0% 
wx�����#�y&� ���� �/�z&��'� 5��B�� *-���&��#�� �#��$ 0���<�$ �0��z�

 -��  (�M�H ��� d��3 5�B�� ��� ���� ��%�#�� � #�6 5�� q��#�
.��� 0 ���#� 

�x����?$ �#�� *#&���> #� � �: ���?$ C #` # ��z� R�� #�
$ �0z� �#�$ _�� 0�<� -��&��<�� R��/$ -���� *-��&��#�� �#�$ � ���
 �0z�)R2

pt�#$ _� �#� ��� #��#� -��&��<��KYL/f�#�$ �#�� �
�� #�#� -�&��#��Jbb/f�0z�) 0 ���#� -�  (M�H � (R2

pt�#��
�#$ _� ��� #�#� -�&��<��KV\/f��� #��#� -��&��#�� �#�$ �#�� �

KbJ/f��� _��3 � #$#g�� *(@�� �� � 0% *�0�?� ����pH �0�z�)
R2

pt�#��$ _��� �#��� ���� #���#� -���&��<��fKVb/f�#��$ �#��� �
�� #�#� -�&��#��fJ]V/f(D'% � (Cl2/DOC �0�z�)R2

pt�#��
�#$ _� �� #�#� -�&��<��fJYL/f��� #��#� -��&��#�� �#�$ �#� �
fL]L/f�0z�) ��� *#"� @�� �� � (R2

pt�#�$ _�� �#�� ��-��&��<
 �� #�#�ff\Y/f�#�$ �#�� ���� #��#� -��&��#��f)KJ/f�#�c (
 .0
&6� 

�x� #$#g��� *#&����> #�� ��[�: ���?$ C #` # ��z� R�� #�
 �#�$ _�� 0��<�$ �0�z� ����?$ �#� _��3 -��&��<�� � 5�
���#� ����

 �0�z�) 0 ���#� -�  (M�H *-�&��#�� �����#��
�R2
pt_�� �#��

�#$ �&��<��-��� #��#� 5�
���#� ����\)\/f������#��
� �#�� �
�� #�#� -�&��#��L]K/f�0�z�) i�� 5�D$� �� R�/$ -��� � (R2

pt

�#��$ _��� �#��� -���&��<�� ���� #���#� 5��
���#� �����YV/f�#��� �
. �� #�#� -�&��#�� �����#��
�J)/f.(6� �#c ( 

_���6Jx@�0��% # ����z� ����� 5��B�� *� ���$ +��< �#���9 � @0��6
Q�> �
�� �� -�G% � @06 � ����� *������ ������<�%� t ��&% .0���

( �`� # ���z� ���� ���:�� q��D$� � ����?$ C #�` -���� Q,�
@�0% Q�> � @06 �#�9 5� *��� @06 �
�� C #�` �0z� 5� ���ZR2

���]]/f�$ *-�&��#�� �#$ �#�bV/f�#�$ _�� �#�� -��&��<��
�� �� 5� �<���� .���5[� ���� #  ��  (�M�H 5D����� �#� @06

 �0z� *��D��#$R2���KL/f�bb/f-�G% 5� @��� (��1 @0
��
5� ���� ��c� (� 5?<�B� �  �� @0�� (��]JL �JV[.
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�� .��� -#	G��e> # �� t �&% �� �D��
� ���B$ *5?<�B� t �&%
 -��$ ��� ���� *-����/� � (�
 ��> 5?<�B�JK]/f_�� _���G$ ��

�#$ -�&��<�� �%��,/� ���% Q��e�> �  t �&% �� 5� (6� Qz% ��
 5?<�B� �� ��
�/� .���-���/� � ����  -��$ �� 0 ���#� -�  ��%

J)L/f$ _� _��G$ ���#-�&��<�� �%��,/� 5�� *(�6� Q�z% ��
 ��� Q��e�> ��  t ��&% ��� �D��
�]J�JY[5�?<�B� �� . � s�
 �

 -���/��#$ _��G$ _�'%�&> 5� 06 |,G� -�&��<�� 5�
���#� ���
 -�$ ��JJf/f��  �� 5�� ��� ��z&�'� 5B�� *5�:�� -��� �0�

 �03 ��% 5?<�B�JK)/f5�0��� (��])L[��G��e> �� . ����$ 5��
 �� ����#� ��
� _���G$ _�'%�&> *06 i�^% -���/� � -������ �

 -�$ �� -�&��#��LL/f5�� (6� ��z&'� 5B�� 5�:�� -��� �0�
 5?<�B� �  t �&% ��LKJ/f��� �%�,/�])f[.

-���� #�� *��%�#�� � #6 � i�" =� (�4�� #g 5?<�B� �  ��
�D'% #B" � �D%�: ��D��#$ _��G$ Q�> -�Z#� ������� .06 �
��

�� #$P�� Q
�� (3#� 0%�$ -���� � 0��� Q ��� � �%�#�� ���
Q
���� �%P���Z ����� ���� ����% #��$ #&��G�� 0���<�$ 5��� #��^
� 0��%�$

�#$ -�&��<�� ��6 ��]J\ �J][5� . (�M�H � #�� �P�� �� *��� ��Z
 Q���> *=� �� 0� ���#� -���  ��� � �#��� �#&��G�� ��<�#�H ��������

��#� �� Q
�� ��� ��#� =� �� ��:�� �<� ��� O��% 0�
U#� .0�
�
 Q�z% ���% ¨� ��� � ¨������ 0�� #�M% *=� �� ��:�� �<� ��#�

@0/3 �#�$ O��% � -���� ����?$ �� � _���G$ -��&��<�� ��4  *@0�6
�� 0

�]Jb �Kf[_�6 .Kx�#$ (M�H � O�% *+< -��&��<�� ����

_����G$ (�<���� (D��'% 0��1��) @0��6(��M�H �� -���  +���&,� �����
 ��� *0 ���#�]��$Kff ��� -��G% � #�&�< �� i#�9 �#���� #�� .0���

-�/� *_�6 �  R�� �� ��M&% 5� ��Z -�  (M�H Q �� �� (��
�#$ (M�H *0 ���#� -�&��<�� �#�$ (�M�H � Q ��� *5
���#� ���

 0� ���#� -�  *�%�#�� ����/3 �Z �� # � �(��  Q��� *-�&��#�� 
) ���#��p��0��� 5�� #�� ���$HOBr ��� 0��'� ( _���3 5�� ���6

5%{�<�� ���c @0

� ) �#����p�� 0��� 5�� (D�'% �#�$HOCl (�� ( 
]JY �K)[i�^% ��?<�B� . �� -��G% -����/� � s%�U ���$ @06

 0� ���#� -��  �0z� �� -�&��#���%�� i�#� �� (M�H #a�0�Kff 
�$Vff 5� #&�< �� i#9�#��� (�� ��� Q��e�> ��  t ��&% 5! 0 �

�� 0� h$ 0
�]KJ[�#�$ 5�� � �^%� � . -��&��<�� �� ��� 5�� � ���
 ��� ���%� -�Z#�� ��0c ��&��� *0
&'� +�&,� -{�<��Jx)f ×J/Y

����� ��� -��&��#�� �#��$ � #�$Kx)f ×)/Y���� -��&����#� �#��$ �
Kx)f ×b/\=� �� ��6�% � �%�Z#� _� #B" -��� *(� ���/�

�#$ O�% 5� 5&'� (� -�&��<�� � @��4&�� ��� .0
� #��y$ ��:�� ���
5� �� � 5?<�B� �  t �&% *�P�z� # �� �� ��:�� ��3EZ �#�9���

 _��6 �� 5�� 0�6 5D����� ��% -� 0%�� � -�Z#� �D'% #B"Kx=
_��c (� @0��G�]KK *KL�KV[-�/� . |,�G� _��6 �� 5� ��Z

 #���� #���B" 0���%�� (���� -������ � �?�����$ A� 5���:�� �� -�Z
�#$ -�&��<�� 5� *(� 5%{�<�� 0
U ��� ��� _�� #B" -��� 5� ���Z

 (D'% Q ��Br-/DOC �$V����� ����� #�� A��� 5�� *A��� -����
 �0��3 ���$ (D��'% ���  � 0��?� � (����  Q ���� ����� �)f(3#��� *

����	
� ���
�/� .�#� 0�> �<��% 0%�� *_� #B" �0z� Q �� 5��
 (D'%Br-/DOC ���)L�$)\���� ���� #� A�� �0�z� *���� A���
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