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#" �D:?c ;(I �/ �
�7- 675�?*xY/x^�(De �D/ �D:� �D17� 
�71
W�$ 6:� �� %35c"�- �D� %3D
� ���G(	 @�* �(D.)>kD.0�

M.(�7D.�K �� �
(��Q 6*$ @�*37�c" �DL� @�D
�7- @�D* @�D*
�?7�>k.���� + �"� �&:�Dk. �/ ��I�5� �� �e(�\ @" @�D*

 �� ]'w �/ ��"+"�	 �D
�7- b
��DF" 3D5
"�	 �&��D7/ �DF ��(\
�!")>k.9��+�.(

��50�
�7- X"(�" C5���<# �� �-(4!+�F�� @�* �E���F @�*)��" (���� �@")A(�
�7- ��4�(- ;�D<# @�* ;"�!�� �� �-(4!+�47� @�* )�(
���� �@")^(>4. �?7� ��"�)�(>4. ��"�)�(���'	")�(�L� �� �
(��Q 6*$ @�*37�F" + �
�7- @�*)M(�D7�W�$ �� ��'	" �
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31)�R%��?. �9�E7
�-�9RZ ���F >74'B �� �3=� @37!" A�*# b��@�* . . .uu�

�����-�5(C9: 
�DD
ETB h
�DD:�@�
�7?7DD. �?7DD.+�37* @�DD*�:�"��- +$A��

;+3) @�*�%3. �V"�" 3�" .A�D*# �%3�$ �!� �/ h
�:� U�!" �/
 >�(B �� ��3=�r�)KA-W3 ( �/p�/u=pH�D!" @37D!" .

�Dk
�:k�" ��35��!� �"E7� 6
�:'7/ A�*# 6
"(EC) X(D?T�
 ;(1P� 3��) �"(�(TDS) �(7B�c �a1< �*�(7�$ + �^"E1	 + ��*

 67&5! +�a1< 6
�:?c�HCO3."��� ���:\" �(\ �/3*� .
A�*# >D�(B ��3D=� @�D*�+ru)KA –W1 +KA –W2 ( +
A$�1I�/ #" �'k*# @�* >�(B @�*�+�:�r)KA–W4, KA–

W5  ( @"�"� pHA�*# 6
" ��!" �
�71G �B �[5\ 6
�D:?c �D*
 � X(?T� ��k
�:k�" ��35��!� �"E7��"( �;(D1P� 3��) �Da1<

�(7B�c �(7�$ + �* �Da1< 6
�:'7/ + 67&5! ^"E1	 + �1e" @�*
�HCO3�� ��'� "�3*� .b5c"�- @�*�"�(?� �!��/pHEC, 

TDS, �SO4
2-�(7B�c� �D/ �Dc �"� ��'D� 67&5D! ^"ED1	 + �D*
b
"E	"SO4

2-"E7� �pH+a1<�HCO3
-+ b*�cEC, TDS 

�(7B�c d��< ��*5D! ^"ED1	 �67& +(PO4)3
-�D� b
"ED	" 3D/�
 

)>k.9.(

D:�E,�
ETB h
�:��
�7?7. @)d�K �/ppm (�
�71G �B �[5\ + @37!" ��3=� @�* A�*# �?7.+�37* @�* �:�"��- +.
KA-W5 KA-W4 KA-W3 KA-W2 KA-W1 

Y/�Z Y/�Z �R�R0/�R T Co

�/Z�/ZYZ/SRR/RpH 
S| S|0ZY{ �90{ �x00 TDSmg/l

R�x R�x {{Rx 0RRx 0xxx ECµm/cm

990/0{/0Y/0DOmg/l

SZ/9|{/9xZ/S9|/SR{/SR SRA 
S/0�9 0�9 {�Zx0 ZYx HCO3

-

0/�S |/�x 0RS S/�|x Y/�x{ Cl-

R/�x�S |/�xS0 �/{Y9� |/|{R �/SZ| SO4
2-

R9/ZYR/Z00YR/�0 R9/9� NO3
-

x{/|�R/YYZ/0x x�/9R0/{PO4
3-

|9/RR ZS/R{ Z/09x RSR/Z9Y0/0Ca2+ 
Y/S� RR/S� {{Y S/|Z/SMg2+

�R{ �ZR |RR Rx9 Y|9 Na+

{�/R0/RxY/|� Y/�R 99/�0 K+

09/x0S9/xY0/R0 9S/SZxR/xFe 
{Z0/x{R{/xS{{/9�{0/�00�/�Al 
{R{/x{|{/xZ9|/Y0RR/x�0{/xSr 
x9�/xx90/x�{9/xxY0/xxY{/xBa 
--�ZS/x�|/x��/xAs 
�0�/x�S|/xRYS/xS9/xxZZ/xSb 
�S/x�{0/x9S0/x�0S/x{�S/xBi 
x{0/xx{S/x�09/xxZ|/x�xZ/xCr 
�/xx�|/x9/{�x{/x-Mn

--�SY/x--Co

--0�{/x-x0{/xNi 
--�S/xxS�/x�0{/xCu 
--xZ/x--Zn

x9/xx9R/xxRZ/xxYS/xxYY/xPb 
x�Z/xx�Z/x�9|/xxZ0/xxRZ/xSe 
x9�/xx9S/xx�|/xxxZ/xx��/xCd 
--x0/xxxR/xx�0/xAg 
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@�*�a� ��(- �1G ��?7G� ���7��=?.�"�
" �!�5. ���F + �!�5.�(1/ �1T� upq
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31)�R%��?. �9�E7
�-�9RZ ���F >74'B �� �3=� @37!" A�*# b��@�* . . .upr

%35*� ��'� A$ X(� �(D7�$ �L�D� �a1< @�(7B�Dc + �D* @�D*
 �!" A$ �� �1e" .#" A$ �
�7?7D. }DJ+ + X(D� 67D7=B @"�D/

 3. %��`:!" �j
�- �"�(?� .!" 6
" �/ >kD. �� �k��5w U�S��D�"
 �� %3*�'� ��(?� �(. @3D�+� �D/ �1De" X(D� +� @"�"� A$ @�*
35B+�`:� .@37D!" ��3D=� A�*#(KA–W3) �D�N5� �� �D/ @"

 #" b7/ �B�5/�c �7< �:�!Yx�D� �"�G 3e�� X(D� #" + ��D7�
 X(�Mg–SO4A�D*# + �D!" ��3D=� @�D* �
�D71G �DB �D[5\

 / �/ �B�5/�c �7< �
�71G b�/�� #" b7Yx3D��"� �(iK 3e�� .
A�D*# �c ^+�`B 6
" �/ �3D=� @�D*(KA – W1, KA–W2 ) 

X(� @"�"�Na – HCO3 – SO4A$ +�D1I�/ #" �'Dk*# @�*-
�*)KA–W4, KA–W5  (SO4�(7B�c �/�!" d��< �7< @�* .

+�+� �"�(D?� #" A$ �
�7?7D.(VW >D��kB + X(� �:�/ �7�`B @"�/
 %3. %��`:!")S�A.((D?� 6D
" �D� "� �"� >D��kB ^�(De �"(DB

�:	�
��+$ A��K �/ �j
�- �"�(?� #" @�B .>4. �� �4��5w S�A
�\�w �3. %�"� ��'� �/ �L�� @�:'7/ @+�7- ��(7�$ >��kB @

�\�w A�D*# ��(7B�Dc >��kB @��"� ��3D=� @�D* .�D�(?� �� @
KA–W3 �(7B�c #" d��< �(7B�c �"(52 �/ ]
E75� �D&
� @�D*
 �� E
�?:��(. .��(?� �	�I #" A$ @�* A$ + ��3D=� @�D* @�D*

 �D1I�/ #" %3D. g+"�B + �'k*# "EDT� � ��Dc bD�/ +� �D/ �D*
 �D� ]7�D�B 3�(D. .�D�(?� @�D* KA–W +KA–W2 X(D� #" 

�D�(?� + �B�5/�c �7< �
�71G @�D*KA–W4+KA–W X(D� #"
 �(7B�DDc �DD/ %"�DD?* �B�`�(D! �DD!" dDD��< �DD7< @�D* .�"�(DD?� #"

 w �?7.+�37* �*��]�R[.A�D*# @35/ %�� @"�/ + ��3D=� @�D*
A$ %��L�" #" �'k*# @�* 3D. %��`:D!" �1I�/ @�*)>4D.Y.(�D/

 @37!" ��3=� A�*# �� �"�(?� 6
" �/ �)(B)KA–W3 (�(7�$-
@(DDG @37DD!" @�DD*(Cl- + SO4

2-)�F�DD\ �
�DD71G ^"EDD1	 +
)+Ca2+ + Mg2(�(DDD7�$ #" b7DDD/ �DDD17\ @37DDD!" @�DDD*

�7=J(CO3
2- + HCO3

-)�
�D71G ^"E1	 +)Na+ + K+(�D!" .
675�?* A�*# nD7k`B "EDT� b�/ +� �/ �
�71G �B �[5\ @�*

�� A�*# �� �c @�(I �/ 3�(. ��
�D71G �DB �D[5\ ��3D=� @�*
)KA–W1 +KA–W2 ( �
�D71G #" �:'7/ �
�71G ^"E1	 @"�"�

 A$ �� �F �!" ���K �� 6
" �!" �c�\ #" %3D. �'D4*# @�*
�1I�/ �*)KA–W4+KA–W5(�D� �D/"�/ �L�� 6
" + �(D.

�(7�$ �"E7� �/ �?F�� %�+E	" E7� @(G @37!" @�*�(..
;3� #" %��`:!" �/fL7�]�Z[�� �D/ �"(B U�D!" ^"�D77�B 

�L�DD�Na+�DD/ )Ca2+ + Na+(+Cl-�DD/)HCO3
-+Cl-(

�/ ��k1?2 �"(52TDS %�&:D!�\ �(D
 ;(D1P� @�D* �/�D
#�" "� 
��F.>4. �� �4��5w{�� %3*�'� �(D. �D�,
+ C5D! @�D*-

�!�5. %3
3- + d��< @]��>��2 6
�B�a1< b
"E	" ��(D
 �D*
�!" �
�71G �B �[5\ + @37!" ��3=� A�*# �� 

��5J��" �A ��j
�- �"�(?� �A�*# @"�/ +�+� �"�(?� �E���F ���=� �� �
�71G �B �[5\ + @37!" ��3=� @�*.
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@�*�a� ��(- �1G ��?7G� ���7��=?.�"�
" �!�5. ���F + �!�5.�(1/ �1T� up�
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��5K�(?��*��w �"]�R[A�*# @"�/ �E���F ���=� �� �
�71G �B �[5\ + @37!" ��3=� @�*.

��5LfL7� @�*�"�(?�]�Z[A�*# @"�/ �E���F ���=� �� �
�71G �B �[5\ + @37!" ��3=� @�*.

�#��-�5(C9:���� ������� 
�
�7?7DD.(VW+�37* ;3DD� #"PHREEQC I 2.6 ]0x[@"�DD/ 

��K �
�!�5. A�*# �
�7?7. �A$ + ��3=� @�* �'D4*# @�D*
 �1I�/ #" %3.���c + �1e" �e�52 @^�DL7c�B #" %3. X�L." @�*

 3. %��`:!" ;(1P� .�)�� �\�. �����/ 6
" �/ ��3. X�L." @
(SI) �D�(?� #" nDD
 �D* �� ���Dc @"�DD/ A" @�DD*^+�DD`:� @�DD*

;+3D) �� + �LD!�P� @�D*0%3D. �DV"�" 3D�" .@#��D�3� h
�D:�
 A�*# �� �F �"� ��'� �
�7?7.(VW+�37* + @37D!" ��3=� @�*

 ��3D. X�L." �\�. #" ^+�`:� 3�+� +� �
�71G �B �[5\(SI) 
�� %3*�'� ���DF �DF @�(I �/ ��(. �B�D5/�F @�D*)��7�D1F

 �
+�B" + �
#+�F+�+� ��7�(�"�$ ��7�(�+� (@�*37�DF+�37* +
A�*# @"�/ �7B�-$37�F+�37* + E5&5� �[5\ @�* �D/" �
�71G �B 

@37!" A�*# @"�/ + X�L."KA–W3 35:�* X�L." �PB .6
"

��(?� @"�/ �F �!" ���K ��@37!" A�*# @KA–W3 ���F -
�D�(?� @"�/ + X�L." �(	 �7�(�$ + �7!+�"W �B�`�(! @�* @�D*

 �!" X�L." �PB �
�71G �B �[5\ .@�*37�DF" + �*37�F+�37*
6*$�D��< ^�(e �/ �
��/ + �7�L7� �D�(?� 8�D?B �� d�D/" �D*

352�L.".
���� � �!� "�#� �! � ����5 
���F ���F �(iK �f4
" (B�- g"�- �!�5. ��7D!+�"W+�B�� @�*

 ���DF + fjD
W ��74
�B(��* ��7&5
�47- �� 6D*$ �D
(��Q @�D*
 �"� ��'� "� @37!" ��3=� A�*# ^�+�T� .�7D!+�"W+�B�� ���F

 �:'�� ^�(e �/ D
�� ��# �D
(��Q @�D* %(D�G �D/ >�D/ %"�D?* @"
�:'�� %(�G @�* ��(� ��# �/ >
�� @" >74'DB 6D*$ ��(�$ @�*

 �!" %3. )>4.|���".(���F ��B �� �7!+�"W+�B�� @�* @�D*
 C5! �� �()(�%�"(
� @�*A�*# �+�T� @@37D!" ��3D� @�D*
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31)�R%��?. �9�E7
�-�9RZ ���F >74'B �� �3=� @37!" A�*# b��@�* . . .up�

�:'D�� ^�(De �/ + 3��"� �(iK #" �D:?F ����DJ �D/ �
�D*�
�:��! A�D*# �:�/ �� �:� �D� �D	�
 �D* 3D..���DF �D
(��Q @�D*

 �� ��# �/ >
�� 37`! C�� �/ fj
W + �74
�B(��* ��7&5
�47-

 C5! �&:�4. + #�� %�"(D
� @�* >D�(B @�9%3D. >74'DB 
�!")>4.|�A(.

D:�E0�E���F ���=� �� �
�71G �B �[5\ + @37!" ��3=� @�* A�*# ��3. X�L." @ �)�� �\�..
KA-W5 KA-W4 KA-W3 KA-W2 KA-W1 �
�7?7. ;(��	 #�	 

Y{/��{Z/��|9/0�R9/x�xR/��Al(OH)38(757�(�$37�F+�37* 
RY/Y�Y|/{�{R/SY/9��Z/S�KAl3(SO4)2(OH)2�7�(�$ 
R/S�{Z/S�{Z/��{Y/Y�YR/Y�PbSO4�
E1&�" 
�9/���S/��SR/x�0Z/0�x9/9�CaSO4�
�37�" 
�R/�0Y/�0�/9�R�/x��/xCaCO3�7�(�"�$ 
SS/xS9/x9S/�{Y/xY{/xBaSO4�
��/ 
99/�Sx/�x{/9�Z{/x0Y/xCaCO3�7�1F 
|Z/0�{�/0�|Z/���S{/9�|Y/9�Cd(OH)28(7���F 37�F+�37* 
{/Z�YR/Z�x9/�x�S9/�x�SR/�x�CdSO4]7���F ^�`�(! 
0|/��0|/���0/x�R�/��0R/0�SrSO4�7:�1! 
x{/��RR/x�ZZ/0��0/��x0/��PbCO3�7!+�! 
YZ/0||/0Sx/Y�xZ/0��/�CaMg(CO3)2�7�(�+� 
9Z/099/0{x/x�|S/9�0/9Fe(OH)26*$ 37�F+�37* 
�Z/�xY/�x0/xZ9/�{|/�Al(OH)3�7�L7� 
x{/Rx0/RxS/Y9|/Z||/RFeOOH �7B(o� 
RZ/x�Z/x�0S/x�xY/0�|Z/0�CaSO4:2H2Ofj
W 
R{/{�Z|/{�x|/Y�SR/Y�|0/Y�NaCl �7��* 
Yx/YZ�/9�|{/0S�09/��Mn2O4�7��?!(* 
��/�R x9/�R xY/�0 |0/0x Y�/�Z Fe2O3�7B�?* 
0{/�x �x/�x S9/Z�{{/S09/0Ca5(PO4)3OH �7B�-$ ��F+�37* 
R9/S�0R/Y��x/xRx/x�Y9/0�KFe3(SO4)(OH)3�7!+�"W 
x|/9YS/0ZS/R�9S/��MnOOH �
�5&5� 
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