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Abstract  
Nitrate (NO3

−) pollution of surface and ground water is a major problem in water quality on the 
planet. The scientific method of the relations between δ15N-NO3

− and δ18O-NO3
− to identify 

the dominant sources of nitrate in groundwater, despite the overlap of nitrate isotopic ranges and 
the occurrence of nitrate isotopic fractionation, has been used in numerous studies. NH4

+

fertilizer, treated wastewater, sewage and manure, Shour River, NO3 in precipitation and soil 
organic N, are potential sources of nitrate pollution in the study area. To identify different 
nitrate sources and to estimate their proportional contribution in the groundwater of the Varamin 
aquifer, a dual isotope (δ15N-NO3

− and δ18O-NO3
−) method and a Bayesian isotope mixing 

model for 38 samples in November 2016 have been applied. Based on hierarchical cluster 
analysis, 38 groundwater samples are classified into three clusters (groups one to three) in terms 
of hydrochemical properties, the mean values of δ15N–NO3

− in groups 1, 2 and 3 are +7.0± 
2.1‰, +10.2 ±1.1‰ and +16.1±2.1‰, respectively. The mean of δ18O–NO3

− values of the 
groundwater in groups 1, 2 and 3 are +2.3± 1.9‰, +0.6 ± 0.8‰ and +6.2 ± 1.4‰ , respectively. 
SIAR model results indicate that the highest contribution in the nitrate pollution of the Varamin 
aquifer are related to “NH4

+ fertilizer” and “manure and sewage” while “soil N” and “NO3
− in 

precipitation” have the lowest influence. 

Keywords: NO3
− Contamination, Stable Isotopes, Contribution of Pollutants Sources, SIAR, 

Varamin Aquifer. 
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Fig. 1. Location of sampling points and groundwater 
direction on the geological map of the study area. 
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�Q-� �����&  � >-��� �U�@,3&
 �&��#� , �&��.�� ����$�
��U 
Table 1. The chemical parameters and isotopic values groundwater resources of Varamin aquifer 

Sample 
No. 

EC Cl- HCO3- SO4
2- NO3

- NH4
+ Na+ K+ Ca2+ Mg2+ δ18O-

NO3
-

δ15N-
NO3

-

(µS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (‰) (‰)
W1 2760 472 397 396 27.58 0.34 289 0.35 130 109 3.6 12.9 
W2 453 19 189 33 5.37 0.01 17 0.47 47 15 4.2 7.5 
W3 4200 659 704 1165 13.34 0.63 532 1.68 210 234 6.2 15.0 
W4 3990 405 838 689 21.07 1.07 352 1.56 231 139 4.5 13.8 
W5 879 71 313 121 24.80 0.03 69 0.98 52 43 1.9 6.4 
W6 1318 158 393 121 36.42 0.09 78 0.04 109 51 0.5 9.2 
W7 5170 381 907 1299 8.63 1.21 597 2.50 211 189 6.2 17.3 
W8 783 48 315 85 15.18 0.04 46 0.47 67 32 0.3 5.9 
W9 592 26 235 50 16.77 0.03 40 0.59 48 22 1.3 5.0 

W11 2003 217 589 205 39.40 0.28 150 0.43 120 89 1.6 9.6 
W13 809 58 275 111 14.93 0.13 61 1.09 47 38 1.2 6.0 
W14 453 24 202 26 22.94 0.02 28 2.93 42 14 2.5 7.8 
W15 763 56 267 73 18.46 0.10 52 0.82 52 33 -0.4 8.3 
W16 1801 162 351 351 46.38 0.11 121 1.05 132 80 0.4 10.2 
W17 498 33 186 47 13.95 0.03 27 0.70 40 22 2.2 4.2 
W18 943 113 259 82 38.18 0.12 60 3.28 59 46 0.3 9.8 
W19 720 60 241 68 27.37 0.02 51 0.55 60 23 1.7 5.5 
W20 761 51 312 70 48.29 0.08 50 0.66 52 34 -0.6 8.5 
W21 8760 1318 581 2051 4.35 1.73 855 2.15 433 346 7.5 18.5 
W22 780 45 315 85 10.58 0.12 56 0.82 58 31 0.5 6.4 
W23 774 44 275 113 3.87 0.17 60 10.30 47 30 1.8 7.2 
W24 7410 1232 606 1499 7.44 0.79 815 3.67 363 260 5.7 15.7 
W25 5530 841 693 1239 0.45 1.74 429 4.10 418 237 8.2 19.2 
W26 2230 331 564 210 24.83 0.18 240 3.43 117 90 1.9 9.6 
W27 846 50 289 101 6.92 0.32 62 0.78 47 41 2.2 13.1 
W28 1604 116 464 272 59.07 0.20 141 1.01 61 90 1.0 10.6 
W29 10360 1263 519 2787 11.58 0.95 1213 1.01 203 413 6.9 16.4 
W30 608 26 237 75 2.35 0.04 54 1.01 34 24 1.0 10.3 
W31 1259 105 406 136 25.77 0.12 86 0.43 82 59 1.1 11.3 
W32 1501 195 336 198 14.88 0.06 176 1.25 86 38 2.3 6.1 
W33 864 104 232 94 16.74 0.01 51 1.95 85 25 5.3 6.3 
W34 594 32 238 54 8.67 0.07 17 0.08 81 14 7.3 6.5 
W35 692 65 210 93 15.49 0.03 58 0.86 57 21 3.8 7.2 
W36 6580 943 641 1468 10.90 0.64 635 4.06 356 260 6.5 16.2 
W37 1552 291 254 97 32.98 0.20 85 0.70 122 66 0.0 12.1 
W38 1328 206 355 92 79.58 0.25 98 0.90 84 60 -0.5 10.6 

�� =�\ 
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1 Cellulose-acetate Filters 
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5 Tukey Honest Significant Difference (THSD) 



�# ���2�� ���C��� D*��� +ZL� ��) R��O�... dx.doi.org/10.22093/wwj.2019.170201.2821 
31

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 1, 2020 

j=1,2,3,…J �Sjk����@,3&
 �
2��#�j>��*�� k)k=1,2,3,…k (��� (
 )!��
 ����� >&�@ �
�
�µjk , 6�������ωjk �(����^� H
��X�
Pk

>*�� �*J� K��k�2� 
 =��"$�
 �- (�SIAR ��� =� 6�.Q@ �����
Cjk ���@,3&
 �U��@,3&
 %�&�"@ ��$���4j>�*��k�
�
� (�� >�&�@

)!�
 ������ij, 6�������jk, (���^� 
�X�
ԑij(�� =2��.�<�- ���	
 ���^� H
�X�
 , �"Z ���^� 6������)!�
 ����� >&�@ �
�
�σj.( 

&
 ���6��,aU� 
 ����2SIAR - ���@ (�����^@ �
���� 6�*J� K��
����� �&��.�� ������ j7�L >*�� ����(AF)�(�"D@  �JU

 C
��@  ��� =2�(TW)� [c�4 ��
���F , ���J�
 ���(S&M)�
����� (����	�,� (SR)���2�����- (P) ����	 ���7� CR,���$�� ,(SN) 
2� =��"$�
�(�)0- �2�� 6�&
 >-���� ����)� �
����i@ �-��&�
 �
��-

(- 3�� l0$Q� (#��� (� �� �
�$�� ���� !�4� �
��$�� ���@,3&
 ,� .
 S���δ 15N-NO3,δ 18O-NO36&
�-���- ,j=2 !��
 , 6������� .

)�
�$�� >*�� �� �� ���^� H
�X�
AF �TW �RS&AW �SR �P�
SN ,k=6 ��,a�U r���
 ��- ( )Xue et al., 2009(.2�� 6���^@
�
2#� ��� �
��- �U�@,3&
 ��$��4 S�X� )Cjk (�7��^� 
 =��"$��
 ��- (

Rayleigh (*����X� 2���)Lewicka-Szczebak et al., 2014(.
(- 6��- ���	 (��-
� ��U��@,3&
 %�&�"@ �- %'��� �
�- �(Z[	 ��'

 � �U���@,3&
 j�����@ , =2����.�<�- �
���$�� �.$&�����7 ����X@ �
���$�
 ��.1
 ��V�� 6&
 �
�- (��	 C������ S�0X@ , (&3I@).2� 

./MN6 � O �;# 

./&/	�)= C>
ND B�

(��	 3�7��� r��
 �- �*@
�� (0J0� �
ux
 ������&  � (���.�
 =,���) (���	 (� (- �&��.��,�2�� ���Z�D	 ��X7 ��@ Y�& ����

K�J#@ ((� S)�) 2�2� �2�-oga(��.� .( �Y& =,�� ��� vy2Z��
(��.� �
2^@ S� 
 S�)B@ 
� �� 2���
� �-���� , �7�.�� (�.�� �� (��

=2� ><
, 6��
�, C
�Q-� S)�) 2�
ogb(.6&
 j7�L �c
�
 ��-���
  ���JU , =���\  � %��&�' 
 ���c
�
 6��&
 .!���
 ��,���B� =,����

(�"D@ (��	 �� ����-� C
��@  ��� (���.� .���� ) ,� =,��� ����o~
(��.� S� 
 2Z�� S)�) 2��
� �
�< �3��� �Q- �� (�� oga(.

Fig. 2. (a) Dendrogram obtained by hierarchical cluster analysis and (b) distribution of 
hydrochemically characterized groups (1 to 3) for groundwater from the Varamin aquifer 
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Table2. Physico-chemical, and stable isotope parameters in Varamin aquifer 

MaximumMinimumRangeStd. DeviationModeMedianMeanParameter
1036045399072548.14531101.002282.44EC (µs/cm)

8.70.48.32.43915.154.27Do (mg/L)
79.580.45079.13017.1340.516.11521.542NO3 (mg/L)
1.7400.0101.7300.4660.0300.1200.332NH4 (mg/L)
1318191299376.7426109283.89Cl (mg/L)
7.274-0.5807.8542.158-0.5801.8742.453δ15 N-NO3 (%)
-6.167-9.6263.4580.756-9.626-8.256-8.229δ18 O-NO3 (%)

Fig. 3. Spatial variation of groundwater nitrate 
concentration in Varamin aquifer 
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Fig. 5. δ15N–NO3
− versus δ18 O–NO3

− diagram for 
samples collected from the Varamin plain and the 

compositional areas of possible source materials and 
trend of denitrification line follow (Kendall et al., 2007). 
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Fig. 6. Diagram showing the relationships between 
nitrogen isotope ratio of NO3

− versus NO3
−/Cl− molar 

ratio for groundwater samples from the Varamin aquifer 
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Fig. 7. Proportional contribution of five potential NO3 sources for three groups1(a), (b) and (c) estimated by SIAR. 
Treated wastewater (TW), Precipitation (P), Organic soil nitrogen (SN), Ammonium fertilizer (AF), Sewage and 

manure (S&M) and Shour river (SR) 
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