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I 

  ʝʳƄʸƃا 

ʺřॽɺʨʻƅ ƓƊŕȞ اƋŕॽʺƅ اřʤžŕʴʺǼ řƂॽʷŸǼ řॽţŕƊ Ɠž řॽɾʨʳƅ  اȈʽƆʴʱƅ  اƅتƋʚƍ ¼ʙƎ اʙƅراřŬ إƅى إʛŠاء  

  ŕƎʱƈءƜƈ Ȑʙƈ ʙƔʙʴوت ،ȐʨʻʽƊƛ ªŕƊاʨʽʴƅا ƓƂŬو ،ȑʛƅب، واʛʷƅا ªŕƈاʙʵʱŬ،    řŬراʙƅا ʚʽſʻت ʦى تƆŷ ًءŕʻ"  

  ʧƈ Ƌŕॽƈ ªŕʻʽŷ ȈʽƆʴوت ŶʺŠ20      ʧʽʺŬʨƈ لƜخ ʥƅوذ ،řॽţŕʻƅود اʙţ ʧʺŲ ŕًॽɾاʛżŠ řŷزʨƈ ŕًॽɾʨŠ ًاʛʯ"

ʨƊŕن اƓƊŕʲƅ ) 2024)   أʨƆƔل ȑʛƎʷƅ   ))اʅॽʸƅ واŕʱʷƅء  .( 2025( وؗ

řŬراʙƅا  ʗƆʺŮ  اءʛŠا  ƅا  Ȉʽƅŕʴʱƅو ا  řॽœŕȄʜʽſƅا  řॽœŕॽʺॽؔƋŕॽʺƅا  ªŕʻʽŸƅ  ، و  řॽƆʽŰʨʱƅا ŕॽʀس   ʗʻʺʹت

řॽœŕȃʛƎؔƅا (EC) و ،ʦƁʛƅا  ƓʻʽŠروʙʽƎƅا (pH) و ،Ƌŕॽʺƅارة اʛţ řŠودر ،ʧʽʳʶؗاب   ا��وʚʺƅا (DO) řǽʙŷŕƂƅوا ،

 ʛʶŷو ،řॽƆؔƅة اʛʶŸƅوا ،řॽƆؔƅم،    ةاʨʽʶॽʻżʺƅم واʨʽʶƅŕؔƅاʧŷ Ɯًʹž   مʨƔدʨʸƅا Ȉʲƈ řʶॽœʛƅا ªŕƊʨƔا�� ʜʽƄاʛت  

اªŕſŬʨſƅ واʨʰƅرون. ؗʺŕ تŕʶţ ʦب ʧƈ řŷʨʺʳƈ  و اʛʱʻƅاª  و   اªŕʱȄʛʰؔƅ و اʨƆؔƅرʙȄ  و اªŕƊʨȃʛȞॽʰƅ  و اʨʰƅتʨʽŬŕم  و 

  ȑʛƅا  ʛʽƔŕŸƈ  :Ȉʲƈ  řॼʶƊازʜʱƈا  ( )  ودSAR  ،)ȈʽƅاʨʸƅدʨƔم   ƓƆʽؗKR  ،) řǽذŕſʻƅا  Ȉʽƅود  (PI  řॼʶƊو  ،)

ªŕƊʨȃʛ اʨʸƅدʨƔم اMAR( řॽʁॼʱʺƅاʨʽʶॽʻżʺƅم )  اʜʱƈاز%(، وNa  řॼʶƊاʨʸƅدʨƔم ) (، واRSC  řţʨƆʺƅ(، وؗ

řʻƈŕؔƅا  (PS)  ،امʙʵʱŬا ʦوت  Ƌŕॽʺƅا řॽɺʨƊ ʛŮʕƈ (WQI)  بʛʷƅ řॽɾʨʳƅا Ƌŕॽʺƅا řƈءƜƈ Ȑʙƈ ʦॽʽƂʱƅ    نŕʶƊƛا

، WQI  Ȑʙƈ ʦॽʽƂʱƅ ، إƅى Richards ʛŮʕƈ ʖƊŕŠو ʧʽţ Ɠž ، Wilcox تʦ اʙʵʱŬام Ɠʢʢʵƈواʨʽʴƅان

 ȑʛƅاض اʛغ񯿿 ŕƎʱʽţƜŰ. 

تŕًॽƊŕȞƈ ŕًʻƔŕॼ واřॽɺʨƊ Ɠž ŕًʴŲ اƋŕॽʺƅ اʘʽţ ،řॽɾʨʳƅ تʦ    واř  řॽœŕॽʺॽؔƅاȈʽƅŕʴʱƅ اॽœŕȄʜʽſƅ  أœŕʱƊ ªʛƎʣج

اʨƅاƓž řŸƁ اȘʡŕʻʺƅ اřॽȃʨʻʳƅ واřॽȃʨʻʳƅ اřॽţŕƊ ʧƈ řॽȃʛżƅ    ا�ŕǼراªŕŰʨʴſƆƅ    Ɠž řʶॽœʛƅ رʙŰ تʛاʜʽƄ أƆŷى  

 ،řॽŠʨƅʨʽʳƅا ȈƈاʨŸƅا ʛʽثōى تƅإ ʛʽʷǽ ŕʺƈ ،řƂॽʷŸǼʧŷ Ɯًʹž  ȑʛʷॼƅا řʢʷƊاء  ا��ʜŠا�� ªʙƎŮ Ȉ"ŕƂʺƅا Ɠž ،

  ʜʽƄاʛʱƅ ŕŲŕſʵƊا řॽʀʛʷƅا řॽƅŕʺʷƅوا řॽƅŕʺʷƅا ªŕƊاʨƔƛا ʥƆت . 

  ʦت ŕʺƄƓœŕॽʺॽ ªŕʻʽŸƅ اƋŕॽʺƅ اʙʵʱŬŕǼ řॽɾʨʳƅام ʦƎſƅ ʛʰƔŕǼ Ȍʢʵƈ اʟœŕʸʵƅ    إʛŠاء تʙʽƍ ȈʽƆʴروؗ

Ƌŕॽʺƅا řॽɺʨƊ ىƆŷ ةʛثʕʺƅا řॽŠʨƅʨʽʳƅا ªŕॽƆʺŸƅوا řॽœŕॽʺॽؔƅع  ،اʨƊ دةŕॽŬ جœŕʱʻƅا ªʛƎʣأƅا ƋŕॽʺCa–HCO₃ 

  ،řॽتŕƊʨȃʛؔƅر اʨʵʸƅن اŕȃذو ʛʽثōى تƅإ ʛʽʷǽ ŕʺƈ ،ªŕʻʽŸƅا ʖƆأغ Ɠžʧŷ Ɯًʹž    Ȉʲƈ řʢƆʱʵƈ ȋŕʺƊد أʨŠو 

Ca–Mg–Cl  وCa–Cl   ًŕŠاʜʱƈا ʝȞŸت Ɠʱƅاً  اʛثōأو ت řʴƅŕƈ Ƌŕॽƈ Ŷƈ ʝॼʳƅوا ʗʽƅŕƎƅن اŕȃوʚ". 

 



 

II 

  řॽʺƅŕŸƅا řʴʸƅا řʺʤʻƈ ʛʽƔŕŸʺƅ řƂǼŕʢƈ ʛʽغ ªŕʻʽŸƅا ʧƈ ةʛʽʰؗ řॼʶƊ ى أنƅإ Ȉʽƅŕʴʱƅج اœŕʱƊ ªرŕŮأ

 Êʘʽţ ،بʛʷƅا Ƌŕॽʺƅ  ſʻ ÊŰ ʗ  řʯƔى ردƅة إʙʽŠي ªŕʯſƅا ʧʺŲ ªŕʻʽŸƅا ʧƈ ʛʰƄء ا��ʜʳƅا  řॽɺʨƊ ʛŮʕƈ ʖʶţ ي

  ƋŕॽʺƅاWQI،  أ  ŕƈ  řƅʨʰƂʺƅى اƅإ řƅʨʰƂʺƅيا ªŕʯſƅا ʧʺŲ ªŕʻʽŸƅا řॽʰƅŕغ ʗſʻ ÊŰ ،Ɠŷراʜƅام اʙʵʱŬƜƅ řॼʶʻƅŕǼ

،  ( اʛƈ řţʨƆƈ ªŕȄʨʱʶƈ ʗƆʳŬ ƓʱƅتřŸſ تŕƎƆŸʳ غȑʛƆƅ řʴƅŕŰ ʛʽ 4، 3،  2رʦƁ )  ا�ŕǼرʛʷǼوȋي، ŕʻʲʱŬŕǼء  

ʦʤŸƈ ʗſʻ اʧʺŲ ªŕʻʽŸƅ اªŕʯſƅ ياŕʱʺʺƅزة إƅى اʙʽʳƅةي، ŕʻʲʱŬŕǼء   ÊŰ ʙƂž ،ªŕƊاʨʽʴƅا ƓƂʶƅ řॼʶʻƅŕǼ ŕƈر أŕǼا�  

( ʦƁو 4، 3، 2ر ،ʅॽʸƅا Ȉʸž Ɠž )رŕǼا�  ʦƁ4، 3)ر  Ƌŕॽʺƅيا řʯž ʧʺŲ ʗſʻ ÊŰ ʘʽţ ،ءŕʱʷƅا Ȉʸž Ɠž )

řʯƔدʛƅا". 
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Abstract 

This study aims to conduct a spatial analysis of the groundwater quality in 
Bashiqa sub-district of Nineveh Governorate, and to assess its suitability for 
drinking, irrigation, and livestock watering. The study was carried out through 
the collection and analysis of water samples from 20 geographically distributed 
groundwater wells within the sub-district boundaries during two seasons (summer 
and winter) . 

The study included physical and chemical analyses of the water samples, 
measuring electrical conductivity (EC), pH, water temperature, dissolved oxygen 
(DO), total alkalinity, total hardness, calcium and magnesium hardness, in 
addition to concentrations of major ions such as sodium, potassium, bicarbonate, 
chloride, sulfate, nitrate, phosphate, and boron. Several irrigation parameters 
were also calculated, including Sodium Adsorption Ratio (SAR), Kelly’s Ratio 
(KR), Permeability Index (PI), Sodium Percentage (Na%), Magnesium 
Adsorption Ratio (MAR), Residual Sodium Carbonate (RSC), and Potential 
Salinity (PS). The Water Quality Index (WQI) was used to evaluate the suitability 
of groundwater for human and animal consumption, while the Wilcox and 
Richards diagrams, along with the WQI, were used to assess its suitability for 
irrigation purposes . 

The results of the physical and chemical analyses revealed a clear spatial 
variation in groundwater quality, with higher concentrations of major ions 
observed in wells located in the southern and southwestern parts of the Bashiqa 
sub-district. This indicates the influence of geological factors and human 
activities. In contrast, lower concentrations were observed in the northern and 
northeastern areas. 

A hydrochemical analysis was also conducted using the Piper diagram to 
understand the chemical characteristics and geological processes influencing 
water quality. The results indicated that the dominant water type in most samples 
was Ca–HCO₃, suggesting the influence of carbonate rock dissolution. 
Additionally, mixed types such as Ca–Mg–Cl and Ca–Cl were observed, 
reflecting mixing with saline water or the impact of halite and gypsum 
dissolution . 

 



 

 

The analysis results indicated that a large proportion of the samples did not 
meet the World Health Organization standards for drinking water. Most samples 
were classified as "poor to good" based on the Water Quality Index (WQI). For 
agricultural use, the majority of samples were classified as "acceptable to 
conditionally acceptable," except for wells No. (2, 3, 4), which recorded high 
salinity levels making them unsuitable for irrigation. Regarding livestock 
watering, most samples fell under the "excellent to good" categories, except for 
wells No. (2, 3, 4) in the summer and wells No. (3, 4) in the winter, which were 
classified as "poor quality water ". 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


