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 تعليمبت الىشر في مجلة بيئة الرافديه

تشذخ السجمة البحؾث العمسية )الشغخية والتظبيقية( في مجالات البيئة في عمؾم البيئة والعمؾم ذات الرمة بيا  .1
 كالبايؾلؾجي والكيسياء واليشجسة والظب والدراعة وغيخىا.

السجمة فرمية حدب قخار الؾزارة وسيحجد عجد إصجاراتيا في الدشة إعتساداً عمى عجد البحؾث التي تقجم لمشذخ  .2
 فييا.

 يجب أن تكؾن البحؾث غيخ مشذؾرة أو مقبؾلة لمشذخ في مجلات أخخى. .3
ة ونؾعية الخط بالمغة الإنكميدي   (Microsoft Wordيكؾن طبع البحث بإستخجام نغام معالج الشرؾص ) .4

(Times New Roman) ( ( وبالمغة العخبية نؾعية الخط )12بحجؼ خطSimplified Arabic)   وبحجؼ خط
يدي( م( خلال البحث, أما عشؾان البحث )عخبي وإنك1,2,3( ويجب إستعسال الحخوف العخبية الأصيمة )12)

( 14الخئيدية ضسؽ الستؽ بحجؼ )مائل, وتكؾن العشاويؽ غامق ( 12( وأسساء الباحثيؽ بحجؼ )16فيكؾن بحجؼ )
 وتجرج الأشكال والرؾر بييئة أمام الشص.

( مؽ جسيع 2.5وذلػ لتدييل طبع الأشكال والسقاطع والججاول, مع تخك مدافة ) (A4تظبع البحؾث عمى ورق ) .5
د وبحيث لايتجاوز عج  ( Single Space الجيات لمبحؾث العخبية والإنكميدية, تكؾن السدافة بيؽ الأسظخ )

( سظخاً مع ضخورة مخاعاة نفذ الأبعاد عمى الرفحات الستزسشة الأشكال والخخائط والخسؾم 48الأسظخ عمى )
والتي تظبع عمى أوراق مدتقمة وتخقؼ حدب تدمدميا في متؽ  -إن وججت في البحث–التؾضيحية والججاول 

 البحث.
 يكؾن تختيب البحث كالآتي: .6

   وعشاويشيم أو الباحثين بجون المقب العمسي إسم الباحثب.            عشهان البحث . أ
ممخص البحث بالمغة العربية أو الإنكميزية, والسمخص الأول يجب أن يكهن في نفس لغة البحث ويحتهي السمخص الثاني  . ج

 عمى إسم الباحث والباحثين.
 Keyات الجالة )السقجمة وتتزسن مهقع الجراسة واليجف من البحث ومعمهمات أخرى مثل جسع الشساذج والسرظمح . د

Words.) 
 السرادر.ح.       الشتائج والسشاقذة والإستشتاجات.و.        طرق العسل.ىـ.  

تقجم ثلاث ندخ مؽ البحث السظمؾب نذخه مع الذفافيات الأصمية والرؾر السمؾنة )إن وججت( ويتؼ تقجيؼ طمب  .7
)إن وجج(  E-mailالباحث الثلاثي وأسساء الباحثيؽ بالمغتيؽ العخبية والإنكميدية  لمتقجيؼ والشذخ ويجون فيو إسؼ

 وعشؾان الباحث الكامل أو الباحثيؽ وتؾضع علامة الشجسة عمى إسؼ الباحث الحي تتؼ السخاسمة معو.
يجب أن تكؾن الرؾر والأشكال والججاول مظبؾعة بذكل واضح. وتثبت مقياس الخسؼ عمى الأشكال وحجؼ  .8

( لمججاول فؾقيا والرؾر والأشكال تحتيا أو عمى ورقة مشفرمة. Captionالتكبيخ عمى الرؾر ويكؾن الذخح )
( إذا كان عجدىا لايديج عمى ثلاثة, ولؾحات إذا زادت عؽ ذلػ, وتعج كل أربعة Figuresوتعج الرؾر أشكالُا )

( أو )لؾحة 3شكل  2 إما )لؾحة صؾر فأكثخ لؾحة واحجة, ويذار إلى الرؾر كجدء مؽ رقؼ المؾحة.)مثلاً 
C:2.)) 
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في حالة إحتؾاء البحث عمى التحاليل بإستعسال أجيدة يظالب الباحث بتجويؽ نؾع الجياز ومؾقع السختبخ وتاريخ  .9
 التحميل برؾرة واضحة مع إقخار رسسي مؽ قبل القدؼ أو الجية التي أجخيت فييا التجارب.

( مع ذكخ Italicلمكائشات )ضسؽ السسالػ الخسدة السختمفة( بالخط السائل )يجب أن تكتب الأسساء العمسية  .11
 لسرشفيا في بجاية البحث.

في الستؽ بكتابة الإسؼ الأخيخ لمباحث والدشة وإذا إشتخك باحثان فيكتب إسساىسا مع الدشة أما إذا  يذار لمسرجر .11
( والدشة بالشدبة لمبحؾث السكتؾبة بالمغة ,.etalكان الباحثؾن ثلاثة أو أكثخ فيحكخ إسؼ الباحث الأول مع لاحقة )

الإنكميدية, أما البحؾث السكتؾبة بالمغة العخبية فيحكخ إسؼ الباحث الأول وآخخون مع الدشة إذا كانؾا ثلاثة أو 
 أكثخ.

الأخيخ وتجون جسيع  ( للإسؼAlphabeticalتختب السرادر في قائسة السرادر حدب الأحخف اليجائية )  .12
لذخرية أو الأسساء الذخرية ( لمباحثيؽ مع الحخف الأول للأسساء اSurenameأسساء الذيخة أو العائمة )

ة لمسرادر العخبية وبجون تخقيؼ السرادر ولاتؾضع سشؾات الشذخ بيؽ قؾسيؽ, وبالشدبة لمبحؾث السأخؾذة مالكام
 مؽ مجلات تشدل عمى الذكل الآتي:

, أرقام و الباحثيؽ, سشة الشذخ, عشؾان البحث, إسؼ السجمة, رقؼ السجمج, رقؼ العجد)إن وجج(إسؼ الباحث أ
 ثال:الرفحات, م

( "الشفايات 2115العؾد، محمد رشيج و قذؾط ، صالح محمد وسلامة ،احسج محمد ومدعؾد ،فتحي عبجالعديد)
ة والتخمص مشيا". مجمة عمؾم البحار والتقشيات البلاستيكية وآثارىا عمى البيئة والإندان والظخق الحجيثة للاستفاد

 (.ديدسبخ.2(،العجد )1البيئية ،السجمج )

Lopes, J. M., Marques, N. C., dos Santos, M. D. d. M. C., Souza, C. F., 
Baldissera, M. D., Carvalho, R. C., et al. (2020) Dietary limon Citrus× latifolia fruit 
peel essential oil improves antioxidant capacity of tambaqui (Colossoma 
macropomum) juveniles. Aquaculture Research, 51, 4852-4862. 

ئمة أو الذيخة, الدشة, عشؾان إذا كان السخجع رسالة ماجدتيخ أو دكتؾراه: يكتب إسؼ صاحب الخسالة بجءاً بإسؼ العا .13
 الخسالة, إسؼ الجامعة, القظخ, أرقام الرفحات. مثال:

 في حالة إستخجام بحؾث مأخؾذة مؽ الإنتخنيت يكتب السرجر كاملًا مزافاً إليو السعمؾمات مؽ السؾقع: .14
01/Ejc-.press.edu/jep/03wwwBs.html,Accessed June, @, 2000  

( ثلاثة آلاف 3111( ماْئة ألف ديشار ويجفع الباحث )111111( صفحة ىؾ )15أجؾر نذخ البحث الؾاحج ) .15
 ديشار لكل صفحة إضافية حدب تعميسات جامعة السؾصل.

 

http://www.press.edu/jep/03-01/Ejc
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قع تحتفظ ىيئة التحخيخ بحقيا في ححف أو إختدال بعض الجسل لأغخاض الزبط المغؾي وكحلػ في إعادة مؾا .16
 الرؾر, الأشكال والججاول لتتساشى مع نيج التحخيخ.

تكؾن قخارات ىيئة التحخيخ نيائية في حالة رفض البحث وتحتفظ بكافة الأوليات لجييا وفي حالة رغبة الباحث  .17
 بالإطلاع عمى أسباب الخفض يتؾجب عميو تقجيؼ طمب رسسي لمسجمة.

التحخيخ بإتلاف كافة أوراق البحث وليذ مؽ حق الباحث السظالبة بعج نذخ البحث وعيؾره في السجمة تقؾم ىيئة  .18
 بيا في أي حال مؽ الأحؾال.

 يحق لمباحث السظالبة بدحب بحثو وىؾ قيج التقييؼ وذلػ بتقجيؼ طمب خظي ودفع أجؾر تحكيؼ البحث. .19
 تخسل البحؾث إلى العشؾان الآتي: .21

 تحخيخ مجمة بيئة الخافجيؽ مجيخ . أ
 جامعة السؾصل, السؾصل, جسيؾرية العخاق., العمؾم البيئيةكمية 

 Raf.Env22@uomosul.edu.iqأو عؽ طخيق البخيج الإلكتخوني الخاص بالسجمة:  . ب
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  
 مجلة بيئـة الرافديــه

 2العدد:   3المجلد:

 
 الفهـــــــرس

 

  تقييم مياه نير دجمة قبل وبعج مرفى القيارة
 1..........  ............., محسهد احسج الفخري مجيج الذاكريدرى ميعاد سميسان الجبهري, 
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 تقييم مياه نهر دجمة قبل وبعد مرفى القيارة
 3محسؾد احسج الفخخؼ  ,2يدخػ مجيج الذاكخ 1 ,ميعاد سميساف الجبؾرؼ 

/ جامعة السؾصل 3  كمية العمؾـ البيئية/ جامعة السؾصل 1,2  كمية العمؾـ

 26/12/2024,  تاريخ القبؾؿ 22/12/2024, تاريخ السخاجعة 26/11/2024تاريخ الإستلاـ 

 الخلاصة
يعج نيخ دجمة مؽ اىؼ السرادر السائية في العخاؽ وبحلػ يجب مخاقبة نؾعية مياىو باستسخار خاصة مؽ الشاحية  

إلى مرفى  وصؾؿ مياه نيخ دجمةقبل محافغة نيشؾػ، تقييؼ نؾعية مياه نيخ دجمة في  الى البيئية،  ىجفت الجراسة الحالية
الكيارة وبعج طخح السياه مؽ محظة السعالجة السؾجؾدة داخل السرفى ، تؼ اخح عيشات السياه في شيخ أيمؾؿ، وتذخيؽ 
الثاني وكانؾف الثاني وآذار بؾاقع عيشة واحجة شيخياً لجراسة بعض الخؾاص الفيدوكيسيائية كاالجالة الحامزية ودرجة الحخارة 

مية الكيخبائية والسؾاد الرمبة الحائبة الكمية والعكؾرة  والعدخة الكمية وعدختي الكالديؾـ والسغشيديؾـ والكبخيتات والتؾصي
 . والشتخات والذحؾـ والجىؾف والستظمب الحيؾؼ للاوكدجيؽ والستظمب الكيسيائي للاوكدجيؽ وعشرخؼ الخصاص والكادميؾـ

العكؾرة  ماعجا 2009قع ضسؽ حجود الظخح العخاقية السؾصى بيا لدشة الخؾاص الفيديائية والكيسيائية تانت بعض ك
عشرخؼ الخصاص والكادميؾـ والستظمب الحيؾؼ للاوكدجيؽ والعدخة الكمية وعدختي الكالديؾـ والسغشيديؾـ إضافة إلى 

 .2009كانت متجاوزة لحجود الظخح العخاقية السؾصى بيا لسياه الذخب لدشة 
 

 مرفى الكيارة، نيخ دجمة، تمؾث السياه، نفط ثقيل. : سفتاحيةالكمسات ال
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Abstract 
 

The Tigris River is one of Iraq's most important water resources; therefore, its water quality 

must be monitored continuously, especially from an environmental perspective. The current 

study aimed to evaluate the quality of Tigris River water in Mosul before entering the filtered 

Tigris River water and after the Tigris River water exits the Qayyarah filter. Water samples 

were taken in September, November, January, and March at a rate of one sample per month 

to study some physicochemical properties such as acidity, temperature, electrical 

conductivity, total dissolved solids, turbidity, total hardness, calcium and magnesium 

hardness, sulfate, nitrate, fats and lipids, biological oxygen demand, chemical oxygen 

demand, lead, and cadmium. Some physical and chemical properties were within the 

 .... 2025, 17 -1, ص  2, العدد 3 مجمة بيئة الرافدين, السجمد.... 
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recommended Iraqi disposal limits for 2009, except for turbidity, biological oxygen demand, 

total hardness, calcium, magnesium hardness, and lead and cadmium, which exceeded the 

recommended Iraqi disposal limits for drinking water for 2009. 

Keywords: Qayyarah Refinery, Tigris River, Water Pollution, Heavy Oil. 

 

 سقجمةال

يعتبخ تمؾث السياه جؾىخ السذكمة البيئية وقزية العرخ وبعجاً رئيديا مؽ ابعاد التحجيات وذلػ بدبب الشجرة         
الحاصمة لسؾارد السياه العحبة في العالؼ حيث يعاني اكثخ مؽ ربع سكاف العالؼ مؽ شح السرادر السائية الشغيفة والامشة 

ويحجث  (Abdullah & Farhan, 2023)عمى وجو الكخة الارضية  والتي تعتبخ متظمب حيؾؼ لكل كائؽ حي للاستعساؿ 
تمؾث السياه برؾرة طبيعية مثل الفيزانات والديؾؿ والبخاكيؽ وغيخىا او برؾرة غيخ طبيعية كالحخوب واستعساؿ الاسسجة 

تخديؽ الشفط  (مؽ السسكؽ اف تذكل مؾاقعAl-Ubaid,2022)والسبيجات ومؾاد التشغيف وتدخب الشفط وغيخىا مؽ الاسباب 
خظخا عمى السياه  الدظحية والجؾفية اذا تدخبت او اندكبت ولؼ يتؼ استخجاـ التجابيخ الكافية في مؾاقع الاندكاب وغالبا ما 

يعج الشفط او كسا يدسى بالحىب الاسؾد السرجر الخئيدي لمتسؾيل و  تتدخب ىحه السؾاد الى التخبة مسا يديج السذكمة سؾءا
صشاعة الشفط الخاـ بتعجد السشتجات الخارجة مؽ تكخيخه والتي اما اف تكؾف مشتجات مفيجة او مشتجات في العخاؽ وتستاز 

.الشفط السدتخخج مؽ مرفى الكيارة يحتؾؼ عمى كسيات كبيخة مؽ  2022et al.,  Ibrahim(ثانؾية قميمة الاىسية  )
الحؼ كاف عائقا في استخلاص الغاز والبشديؽ والشفط الابيض والسؾاد الاخخػ عمى الخغؼ مؽ   %50الكبخيت ترل الى 

محاولات الحكؾمة العخاقية ادخاؿ تحديشات عمى الشفط السدتخخج الا انو لؼ يظخأ أؼ تغييخ بدبب نؾعو الخدؼء والثقيل 
 AL)-التي تدتخجـ في تبميط الذؾارع (سفمتلأا)لجرجو تعحر ضخو مؽ الابار اذ انو لا يرمح الا لإنتاج مادة القيخ

, 2020) Sabahy 
 

 
 ( تؾضح مؾقع مشظقة الجراسة1الخخيظة )وصف مشظقة الجراسة 

في دراستشا الحالية تؼ اختيار مرفى الكيارة لغخض دراسة وتقييؼ الاثار التي يدببيا السرفى عمى نؾعية مياه نيخ    
 وتستازكمؼ  60جشؾب محافغة نيشؾػ عمى الزفة الغخبية لشيخ دجمة تبعج عؽ السخكد حؾالي  الكيارة ناحيةدجمة، تقع 

بؾجؾد العجيج مؽ حقؾؿ الشفط القخيبة مشيا كؾنيا تحتؾؼ عمى خديؽ نفظي كبيخ فزلا عؽ وجؾد العجيج مؽ الابار الشفظية, 
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الى سظح الارض والتي تدسى بسقالع  الى (عيؽ القيخ) اذ يسكؽ مذاىجة القيخ الخاشحسسيت بيحا الاسؼ ندبة 
 الجراسة  ( .مؾقع1البتيؾميؽ،وتسثل الخخيظة  رقؼ )

 

 أهداف البحث
عمى نيخ دجمة حيث تؼ قياس درجات الحخارة لمسياه  ييجؼ البحث الى تقييؼ حالة التمؾث التي يدببيا مرفى الكيارة

والحامزية والتؾصيمية الكيخبائية والسؾاد الرمبة الحائبة الكمية والعكؾرة والستظمب الحيؾؼ للاوكدجيؽ والستظمب الكيسيائي 
يؾـ والسغشيديؾـ الكالد تيوعدخ  العدخة الكميةو  الكادميؾـو للاوكدجيؽ والذحؾـ والديؾت والكبخيتات والشتخات الخصاص 

لغخض معخفة ما يدببو السرفى مؽ ضخر عمى نؾعية السياه  2009ومقارنتيا مع السحجدات العخاقية لسياه الذخب لدشة 
 ضسؽ مشظقة الجراسة.

 طرائق البحث 
 تست عسمية جسع العيشات بؾاسظة قشاني مؽ البؾلي اثيميؽ محكسة الاغلاؽ لكياس كلًا مؽ الستظمب الحيؾؼ للاوكدجيؽ

والستظمب الكيسيائي للاوكدجيؽ لزساف عجـ فقجاف الاوكدجيؽ مؽ العيشة، اما بكية الفحؾصات فقج تؼ جسع مياه العيشات 
تؼ اجخاء الفحؾصات السختبخية في مختبخات بؾاسظة قشاني زجاجية بعج غدميا بالساء السقظخ ومجاندتيا بساء العيشة حقمياً، 

  .ص والكادميؾـ فقج تؼ اجخاؤىسا في السختبخ السخكدؼ في كمية الدراعة والغاباتكمية العمؾـ البيئية عجا فحري الخصا
قسشا باخح  Manometric Methodوذلػ باتباع طخيقة     BODالستظمب الحيؾؼ للاوكدجيؽ تؼ قياس اؿ  •

مل مؽ العيشة ووضعيا في القشاني الخاصة لمكياس مع اضافة السحخؾ السغشاطيدي مع قخصيؽ مؽ 432حجؼ 
KCL   درجة مئؾية ولسجة خسدة اياـ  20كسغحؼ لمبكتيخيا الشامية في القشاني وضبط الحاضشة عمى درجة حخارة

(Al-Hamdani,2022)  
 الفحهصات الحقمية:

 pH-meterتؼ قياس الجالة الحامزية باستخجاـ جياز  •

 الحداس في الساء ثؼ تدجل القخاءةدرجات الحخارة فتؼ قياسيا باستخجاـ السحخار الالكتخوني وذلػ بغسخ الجدء  •
 الفحؾصات السختبخية:

 ماليدؼ الرشع HI99301نؾع  EC – meterتؼ قياس التؾصيمية الكيخبائية باستخجاـ جياز     
 T.D.S-meterتؼ قياس السؾاد الرمبة الحائبة الكمية باستخجاـ جياز   •
 (NTUبؾحجة )  Lovibond Turbidityالعكؾرة: تؼ قياس العكؾرة بؾاسظة جياز  •
 . T-باستخجاـ دليل ايخوكخومات بلاؾ EDTAالعدخة الكمية: تؼ قياس العدخة الكمية بالتدحيح مع  •
: تؼ قياس عدخة الكالديؾـ بالتدحيح مع  •  باستخجاـ دليل السيخوكديج . EDTAعدخة الكالديؾـ
: تؼ قياس عدخة السغشيديؾـ باتباع السعادلة التالية  •  عدخة السغشيديؾـ

Mg mg\l as CaCo3 = (Total Hardness – Ca Hardness)×0.224 

وذلػ   COD - Reactorالستظمب الكيسيائي للاوكدجيؽ: تؼ اجخاء الكياس بؾاسظة الجياز التجارؼ نؾع   •
مل مؽ ماء العيشة الى السحاليل الكياسية الجاىدة ثؼ بعج 2باستخجاـ السحاليل الكياسية الجاىدة حيث تؼ اضافة 
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درجة مئؾية لاتساـ عسمية اليزؼ  120ولسجة ساعتيؽ وعمى درجة حخارة  CODسشا بؾضعيا في حاضشة اؿذلػ ق
 بعج تبخيجىا ثؼ تدجل القخاءة مؽ الجياز مباشخة.  COD - Readerثؼ نقؾـ بكياس العيشات بؾاسظة جياز اؿ 

                                                                                                       
مل مؽ العيشة في قسع الفرل ثؼ 500الذحؾـ والديؾت تؼ اجخاء الكياس بظخيقة الاستخلاص اذ تؼ اخح حجؼ  •

واضيف السحيب بحجؼ معيؽ فؾؽ ماء العيشة تؼ  (1:1)مل مؽ حامض الييجروكمؾريػ السخفف بشدبة 5اضافة 
جة دقائق لتدتقخ الظبقتاف اذ يسكؽ رؤية الظبقات مفرؾلة بذكل رج قسع الفرل عجة مخات ثؼ تخؾ القسع لع

واضح في القسع نقؾـ بفرل الظبقة العزؾية عؽ الظبقة السائية ثؼ نقؾـ بؾضع الظبقة العزؾية في فخف 
 درجة مئؾية ولسجة ساعتيؽ ثؼ تظبق السعادلة التالية  105التجفيف بجرجة حخارة 

G\O = (A-B) × 1000 \V ml 

 :حيث اف 
A  يسثل وزف الجورؽ والسؾاد الستبكية بالسمغخاـ : 
B  يسثل وزف الجورؽ الفارغ بالسمغخاـ : 
- Spectrophotometerالكبخيتات تؼ اجخاء الكياس باتباع طخيقة العكؾرة باستعساؿ جياز السظياؼ الزؾئي  •

UV  نانؾميتخ . 420عشج طؾؿ مؾجي 
 Ultra violetوذلػ باتباع طخيقة  Spectrophotometer- UVالشتخات تؼ قياسيا بؾاسظة جياز  •

screening  نانؾميتخ . 270و  220عشج طؾؿ مؾجي 
العشاصخ الثقيمة )الخصاص + الكادميؾـ ( تؼ قياس تخكيد ىحه العشاصخ بؾاسظة جياز طيف الامتراص الحرؼ  •

Atomic Absorption Spectrophotometer  مؾديلNovAA 350\Analytikjena   . الالساني السشذأ 
 

 الشتائج والسشاقذة   
Temperature                                                                                                                            درجة الحرارة   
تعجُ درجة الحخارة لمساء أىؼ العؾامل التي تحجد استسخار الحياة وتؾزيعيا في الشغؼ السائية حيث يسكشيا التحكؼ في العجيج مؽ 
العسميات الكيسيائية والفيديائية و البايؾلؾجية  مثل الظعؼ والخائحة سخعة التفاعلات الحيؾية ومعجؿ الشسؾ وعسميات الاكدجة 

( يؾضح قيؼ درجات الحخارة اثشاء مجة 1( الذكل )Larnier et al., 2010الغازات في الساء ) والاختداؿ ومعجؿ ذوباف
الجراسة  اذ اف التغايخ في درجات الحخارة بيؽ اشيخ الدشة ىي نتيجة متؾقعة وطبيعية بدبب تحبحب درجة حخارة السشاخ في 

اذ يستاز مشاخ العخاؽ بانو حار وجاؼ صيفاً بارد ومسظخ العخاؽ وكحلػ السؾقع الجغخافي والتغايخ اليؾمي في حخارة اليؾاء 
 (Al-Zubaidi & Al-Nama ,2021)شتاءاً اتفقت قيؼ درجات الحخارة مع دراسة 
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 ( يؾضح قيؼ درجة الحخارة )وحجة درجة مئؾية( أثشاء فتخة الجراسة1الذكل )

 pHالجالة الحامزية 
( يكؾف الؾسط 7( ,فاذا كانت القخاءة اكثخ مؽ )0-14في الساء وتتخاوح بيؽ) ىي دالة تعبخ عؽ نذاط  أيؾف  الييجروجيؽ

( Dabdoub & Saleh ,2011( ىي نقظة التعادؿ  )7( وتعجُّ اؿ )7قاعجيًا  وحامزيًا إذا كانت الجرجة اقل مؽ )
ذلػ إلى سقؾط  ( وربسا يعدػ 2(  كسا في الذكل )6.9.سجمت اعمى قيسة لمجالة الحامزية في شيخ كانؾف الثاني )

-Alالأمظار وانجخاؼ التخبة التي ساعجت في جخؼ واذابة بعض السؾاد مثل الكبخيتات والشتخات والكمؾريجات وغيخىا مؽ )
Bajji , 2014). 

 

 

 ( أثشاء فتخة الجراسةpH( يؾضح قيؼ الجالة الحامزية )2الذكل )
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  Electrical Conductivityالتؾصيمية الكيخبائية 

درجة مئؾية وتعتسج التؾصيمية الكيخبائية  25( مؽ الساء لمتيار الكيخبائي عػشج  درجة حخارة  3سؼ1قابمية تؾصيل )وىي 
( .سجمت اعمى قيسة لمتؾصيمية الكيخبائية Al-Sayegh ,2021عمى كسية الايؾنات الدالبة والسؾجبة الحائبة في الساء )

( ويخجع سبب ذلػ الى كؾف الشيخ يسخ باراضي 3ر كسا في الذكل )( في شيخ آذا2مايكخوسيسيشد/سؼ287قبل السرفى )
زراعية عمى طؾؿ مجخاه اضافة الى طخح مخمفات الرخؼ الرحي ومخمفات عسميات الجباغة التي تجخل الاملاح بكسيات 

 & Shihabاسة )كبيخة ضسؽ عسمياتيا الترشيعية وليحا يدداد تخكيدىا كمسا اتجو الشيخ الى الجشؾب, اتفقت دراستشا مع در 

Kanna, 2021)   
 

 

 ( أثشاء فتخة الجراسة2( يؾضح قيؼ التؾصيمية الكيخبائية )وحجة مايكخوسيسيشد/سؼ3الذكل )

Total Dissolved Solid السؾاد الرمبة الحائبة الكمية  

 ، ، كالديؾـ ، السغشيديؾـ ، وتشذأ في السياه بعجة ىي ندبة التخكيد الكمي للأملاح الحائبة في الساء مثل البؾتاسيؾـ صؾديؾـ
 & Dhanoonطخؽ ابخزىا مياه الرخؼ الرحي ومياه الرخؼ الرشاعي في السشاطق الحزخية وما إلى ذلػ. )

Mahmoud, 2014( سجمت اعمى قيسة لمسؾاد الرمبة الحائبة قبل السرفى. )ممغؼ/لتخ( في شيخ آذار كسا في  312
ظخدية بيؽ التؾصيمية والسؾاد الرمبة الحائبة الكمية لكؾنيسا يعتسجاف عمى تخكيد العلاقة ال ( ويعؾد سبب ذلػ الى4الذكل )

 Al-Mandeel)كلا مؽ الايؾنات الدالبة والسؾجبة في عيشة الساء وبحلػ كمسا زادت التؾصيمية زادت السؾاد الرمبة الحائبة 

et al, 2018)  
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 )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة( يؾضح قيؼ السؾاد الرمبة الحائبة الكمية 4الذكل )

 

   Turbidityالعكؾرة 
تعتبخ السؾاد الرمبة في السدظحات السائية الظبيعية مؤشخ ىاـ عمى حيث مكياس لمؾضؾح الشدبي لمسياه  وتعخؼ بانيا 

والظيؽ والظحالب والسؾاد العزؾية والجديسات الجقيقة السختمفة والتي تتدبب في اعاقة نفاذية  جؾدة السياه والستسثمة بالظسي
( سجمت Sader ,2017الزؾء عبخ الساء وتختبط العكؾرة ارتباطًا وثيقًا بالغخوؼ السشاخية وعخوؼ السياه الدظحية، )

يمكن أن تساهم اذ ( وحجة نيفيمؾميتخية 217اعمى قيسة لمعكؾرة قبل دخؾؿ مياه نيخ دجمة الى السرفى بتخكيد )

. مثل البناء والتخلص من النفايات بالقرب من  ي ازدياد العكورة بشكل كبير
ر

ي ف التصريفات الصناعية والتطور الحصرر

سيب خلال الأشهر الرطبة من السنة ،  اضافة الى وجؾد العجيج مؽ مقالع الخمل والحرى ضفاف الأنهار إلى تفاقم الير
التي قيست مياه نيخ دجمة لمسشظقة الؾاقعة بيؽ سج السؾصل  (Al-Hadidi, 2017)اتفقت دراستشا مع ،لشيخعمى ضفتي ا

 وحجة نيفيمؾميتخية . 123.25وناحية الكيارة اذ بمغ تخكيد العكؾرة في مياه نيخ دجمة 

 

 ( يؾضح قيؼ العكؾرة  )وحجة نيفيمؾميتخية( أثشاء فتخة الجراسة5الذكل )
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 Total Hardnessالعدخة الكمية  
تعج عدخة السياه عامل ميؼ في جؾدة السياه، اذ تذيخ إلى مدتؾػ أيؾني الكالديؾـ والسغشيديؾـ في الساء. اعيخت الشتائج   

 ارتفاع قيؼ العدخة الكمية عمى طؾؿ اشيخ الدشة وسجمت اعمى قيسة قبل دخؾؿ مياه نيخ دجمة لمسرفى في شيخ ايمؾؿ اذ
متجاوزة بحلػ السحجدات العخاقية لسياه الذخب التي اوصت اف لا تتجاوز قيؼ  (2) ممغؼ/لتخ( كسا في الذكل 640بمغت )

 سبب ذلػ الى ممغؼ/لتخ( وبحلػ ترشف مياه نيخ دجمة عمى انيا مؽ الشؾع العدخ ججا وقج يخجع  500العدخة الكمية )
طخح الفزلات الرشاعية الى الشيخ بذكل مباشخ دوف ذوباف الرخؾر الجيخية السكؾنة لحؾض الشيخ، كحلػ بدبب  

الفزلات السشدلية التي تحتؾؼ عمى ممح الظعاـ خاصة الاملاح غيخ الشكية التي تحتؾؼ عمى املاح أضافة إلى معالجة 
دخة ( الحؼ صشف مياه نيخ دجمة انيا تتخاوح بيؽ العAl-Tayyar et al, 2005الكالديؾـ والسغشيديؾـ اتفقت دراستشا مع )

 الى العدخة ججا عشج السشظقة الؾاقعة بيؽ مشظقة قبخ العبج والكيارة
 

 
 ( يؾضح قيؼ العدخة الكمية )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة6الذكل )

 Ca & Mg Hardnessعدختي الكالديؾـ والسغشيديؾـ 
سجمت عدختي الكالديؾـ والسغشيديؾـ اعمى التخاكيد قبل دخؾؿ مياه نيخ دجمة الى السرفى اذ بمغ تخكيد عدخة الكالديؾـ 

( ممغؼ/لتخ وترشف السياه عمى انيا عدخة وذلػ بدبب وجؾد 107.5( ممغؼ/لتخ اما عدخة السغشيديؾـ بمغ تخكيدىا )220)
ؾف الكالديؾـ والسغشيديؾـ التي تعج مؽ اكثخ مدببات العدخة شيؾعا ويخجع سبب الايؾنات السؾجبة الثشائية والستسثمة في اي

ذلػ الى صخؾر الحجخ الجيخؼ والجلؾمايت والرخؾر الجبدية السؾجؾدة في حؾض ومجخػ نيخ دجمة خاصة مع فتخات 
ربات مؽ الاراضي سقؾط الامظار الحؼ يؤدؼ الى اذابتيا وانجخافيا باتجاه السجيشة كحلػ مؽ تدخب الاسسجة والسخ

  )et al,  Ibrahim (2022الدراعية والسخمفات السجنية والرشاعية السختمفة الؾاصمة الى الشيخ اتفقت دراستشا مع
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 ( يؾضح قيؼ عدخة الكالديؾـ )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة7الذكل )

 

 
 الجراسة ( يؾضح قيؼ عدخة السغشيديؾـ )وحجة ممغؼ/لتخ( أثشاء فتخة8الذكل )

Biochemical Oxygen Demand الستظمب الحيؾؼ للأكدجيؽ 
يدتعسل ىحا الفحص لتقجيخ الحسل العزؾؼ في السياه اذ يعظي دلالة عمى كسية الاوكدجيؽ السحاب السدتيمػ بؾاسظة 

 الاحياء السجيخية والتي تقؾـ بتفكيػ وىزؼ السؾاد العزؾية في عيشة السياه ولسجة خسذ اياـ 
(Al-Qbidi, 2012 سجمت اعمى قيسة في نيخ دجمة قبل دخؾلو لمسرفى في شيخ آذار وبتخكيد )ممغؼ/ لتخ وبحلػ  22

حتى قبل  2009مسحجدات العخاقية لدشة ممغؼ/لتخ( وفقا ل5فاف مياه نيخ دجمة ترشف مؽ الشؾع الديئ وذلػ لتجاوزىا )
حي )ممؾثات عزؾية( بدبب ما يرميا مؽ ممؾثات دخؾليا لمسرفى والحؼ يجؿ عمى تمؾث مياه الشيخ بسياه الرخؼ الر
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متعجدة مؽ الؾدياف والسربات السؾجؾدة عمى ضفتي الشيخ الايسؽ والايدخ كشيخ الخؾصخ ووادؼ عكاب وىحا التفديخ يتفق 
 ( Al-Sarraj et al, 2014)مع ما تؾصل اليو 

 

 
 )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة ( يؾضح قيؼ الستظمب الحيؾؼ للاوكدجيؽ9الذكل )

 Chemical Oxygen Demandالستظمب الكيسيائي للاوكدجيؽ  
لكسية السؾاد العزؾية التي يسكؽ اكدجتيا بظخيقة كيسيائية بجوف  اذ يعظي مقجار تقخيبييعج مؽ اىؼ فحؾصات جؾدة السياه 

سجمت اعمى قيسة عشج الكيارة بعج خخوج الساء مؽ السرفى  (Al-Fatlawi & Mohammed, 2019اؼ تجخل احيائي )
ممغؼ / لتخ ويعؾد ذلػ الى وجؾد السؾاد الييجروكاربؾنية في السياه السظخوحة اضافة الى السؾاد  92في شيخ آذار وبتخكيد 

ؼ مؽ اف تخكيد الكيسيائية السختمفة السدتخجمة في عسميات الاستخخاج والفرل وعسميات السعالجة السختمفة وعمى الخغ
الا انيا لؼ تتجاوز حجود الظخح السياه الجاخمة  لمسرفى مؽ السرفى اعمى مؽ السياه السظخوحة بعج خخوج  CODال

ممغؼ/لتخ . اتفقت  100التي اوصت اف يتجاوز تخكيد الستظمب الكيسيائي للاوكدجيؽ  2009لمسحجدات العخاقية لدشة 
 دراستشا مع 

( 2009, Saad alah et al) 
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 ( يؾضح قيؼ الستظمب الكيسيائي للاوكدجيؽ )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة10الذكل )

 Grease & Oilالذحؾـ والديؾت  
الجدء الاكبخ مشيا يظؾؼ في الساء اما الجديئية ىي عبارة عؽ مجسؾعة مؽ السخكبات العزؾية والتي تختمف في الاوزاف 

الجدء الباقي فيحوب بعج فقجانو لمجدء الظيار ويؤثخ الجدء الظافي مشيا عمى نؾعية السياه اذ يقمل مؽ كسية الزؾء السختخؽ 
سجمت اعمى قيسة في شيخ تذخيؽ  (Husseini et al,  2021وذوباف الاوكدجيؽ واعاقة البشاء الزؾئي في القعخ )

ممغؼ /لتخ ويخجع سبب ذلػ الى تدخب الديؾت مؽ الالات السدتخجمة  8.2الثاني بعج خخوج السياه مؽ السرفى وبتخكيد 
في السرفى كاآلات استخخاج وتكخيخ وفرل الشفط او الاجيدة السدتخجمة في التبخيج كحلػ التدخب الديتي مؽ الشفط 

 ,Duaijجوث بعض الشزؾحات مؽ فتخة الى اخخػ وىحا يتؾافق مع ما تؾصمت اليو الباحثة )السدتخخج اضافة الى ح

( اذ بيشت اف السياه الخارجة مؽ السرافي تكؾف حاوية عمى الجىؾف ونفط خاـ وكيخوسيؽ والفيشؾلات التي تعظي 2016
 لؾف غيخ مقبؾؿ وطعؼ غيخ مدتداغ لمساء . 

 
 ؾـ )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة( يؾضح قيؼ الجىؾف والذح11الذكل )
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 Sulfateالكبخيتات   
الكبخيتات عبارة عؽ ايؾنات شائعة الؾجؾد في السدظحات السائية اذ تؾجج متحجة مع الايؾف السؾجب في الساء وعشجما 

( ممغؼ /لتخ فانيا   200اما اذا زاد تخكيدىا عؽ ) تتؾاجج بذكل كبخيتات الكالديؾـ والسغشيديؾـ فانيا تدبب عدخة دائسية
سجمت اعمى قيسة عشج نيخ دجمة قبل دخؾلو لمسرفى في  (Mohsin et al, 2013)تدبب الظعؼ السالح لمسجخػ السائي  

ممغؼ /لتخ ويعدػ سبب ذلػ الى طبيعة الرخؾر الجبدية والتي تكؾف ضسؽ تكؾيؽ الشيخ  39.907شيخ ايمؾؿ وبتخكيد 
ما يظخح الى الشيخ مؽ الرشاعات السختمفة مثل استخجاـ حامض الكبخيتيػ في صشاعة البظاريات والرشاعات  وكحلػ

الجمجية والجباغة وغيخىا كحلػ التدخبات والشزؾحات مؽ العيؾف الكبخيتية ذاتية التجفق في مشظقة حساـ العميل اضافة الى 
سبب التغايخ في قيؼ الكبخيتات بيؽ أيمؾؿ وآذار إلى دجمة ويخجع مشجؼ كبخيت السذخاؽ الحؼ يؤثخ عمى نؾعية مياه نيخ 

 ع ). اتفقت دراستشا محجوث عسمية التشكية الحاتية وعسميات الانتذار عشج زيادة مشدؾب نيخ دجمة في الافرل السظيخة 
Al-Saeedi & Al-Salman,2024)  

 

 
 )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة  ( يؾضح قيؼ الكبخيتات12الذكل )

    Nitrateالشتخات  
تعج الشتخات مؽ ممؾثات السدظحات السائية والتي تشتج بذكل رئيدي مؽ الانذظة البذخية السختمفة مثل الاسسجة والرشاعة 

ل في الرشاعات اذ وتخبية الحيؾانات ومؾاقع طسخ الشفايات وتدداد ىحه السذكمة في الؾقت الحالي بدبب التظؾر الحاص
( ممغؼ /لتخ فانيا تدبب 45اصبحت ىحه السذكمة تيجيج لمرحة والبيئة حيث اف تؾاجج الشتخات في الساء بتخكيد اعمى مؽ )

سجمت اعمى قيسة في شيخ تذخيؽ الثاني  (Wakejo et al,2022).ميتييسؾغمؾبيشية الجـ لجػ البذخ وخاصة الاطفاؿ  
دخؾؿ السياه الى السرفى ويسكؽ تفديخ ارتفاع الشتخات في مياه الشيخ الى تدخب الاسسجة ممغؼ /لتخ قبل  20.46وبتخكيد 

سؾاء كانت عزؾية او مرشعة مؽ الاراضي الدراعية التي تؾجج عمى طؾؿ ضفتي الشيخ مشح دخؾلو السجيشة حتى خخوجو 
ية وخاصة في مشظقة جشؾب مشيا اضافة الى مظخوحات مؽ السرانع مثل صشاعة الالباف كحلػ  طخح فزلات الساش
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( التي فدخت ارتفاع تخكيد الشتخات بدبب Al-Sarraj, 2014)السؾصل بذكل مباشخ الى الشيخ  اتفقت دراستشا مع 
 الاضافات الدراعية والبذخية التي ترل الى الشيخ كحلػ وتحؾؿ الاحساض الاميشية الى امؾنيا ثؼ الى نتخات بعسمية الشتخجة 

 

 
 قيؼ الشتخات )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة( يؾضح 13الذكل )

 Leadالخصاص   
مؽ الرشاعات اىسيا السبيجات والبظاريات والاصباغ والبشديؽ العجيج يجخل في  يةيعج مؽ اشيخ العشاصخ الثقيمة عالي الدس

الحيؾؼ في اندجة الكائؽ الحي وغيخىا , خظؾرة الخصاص تكسؽ في انو عشرخ لا يتحظؼ بيؾلؾجيا ويتستع بخاصية التخاكؼ 
(Abdul Latif,2020)  ممغؼ  0.0734سجمت اعمى قيسة في شيخ تذخيؽ الثاني بعج خخوج السياه مؽ السرفى وبتخكيد

/لتخ اف اىؼ السكؾنات السؾجؾدة في الشفط ىي العشاصخ الثقيمة كالخصاص الحؼ يدتخجـ بخمظو مع البشديؽ لتحديؽ 
( الحؼ بيؽ اف السياه الخارجة مؽ السرفى الشفظي تكسؽ خظؾرتيا Amhani et al,2022)اتفقت الجراسة مع  .فعاليتو

باحتؾائيا عمى كسيات كبيخة مؽ الاملاح الحائبة ومخكبات عزؾية وعشاصخ ثقيمة كالدئبق والخصاص والكادميؾـ والتي 
 تظخح دوف مخاعاة لسا يسكؽ اف تدببو لمسياه الدظحية والجؾفية 
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 ضح قيؼ الخصاص  )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة( يؾ 14الذكل )

 Cadmiumالكادميؾـ  
ثالث اشيخ العشاصخ الثقيمة بعج الدئبق والخصاص وعبارة عؽ عشرخ تخاكسي تكسؽ خظؾرتو في تخاكسو في السخاكد 

 (Abdul Latif,2016الحيؾية السيسة في جدؼ الكائؽ الحي واىسيا الكبج والكمى والظحاؿ )
ممغؼ /لتخ بعج خخوج السياه مؽ السرفى وقج يعؾد ذلػ الى طبيعة  0.0112سجمت اعمى قيسة في شيخ أيمؾؿ بتخكيد 

الشفط الحاوؼ عمى العشاصخ الثقيمة اضافة الى الحؾادث العخضية الحاصمة كالشزؾحات والتدخبات الى السياه اتفقت دراستشا 
 (Al-Sarraj, 2019 )مع 

 

 
 الكادميؾـ  )وحجة ممغؼ/لتخ( أثشاء فتخة الجراسة ( يؾضحكيؼ15الذكل )
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 الاستشتاجات
مؽ السرفى تقع ضسؽ حجود الظخح ماعجا عشرخؼ الخصاص  سظخوحة مؽ خلاؿ الجراسة الحالية تبيؽ اف السياه ال

ممغؼ /لتخ اما الكادميؾـ  0.0734والكادميؾـ حيث سجمت اعمى قيسة لمخصاص عشج خخوج السياه مؽ السرفى وبتخكيد 
اف لايتجاوز تخكيد عشرخ  2009ممغؼ /لتخ, اذ اوصت السحجدات العخاقية لسياه الذخب لدشة   0.0112كاف بتخكيد 

 ممغؼ /لتخ في السياه السظخوحة إلى مجارؼ الأنيار  0.003ممغؼ /لتخ وتخكيد عشرخ الكادميؾـ  0.01اص الخص
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دراسة بيئية لبعض الخرائص الفيزوكيسيائية والبكتريهلهجية لسياه وادي سمسى  في 
 قزاء تمعفر /غرب محافظة نيشهى وإمكانية استخدامها لأغراض الري 

 وايساف طو ياسيؽ3مازف ندار الدشجخؼ  2حديؽ كاعؼ السخادؼ، 1
 قدؼ عمؾـ البيئة، كمية العمؾـ البيئية، جامعة السؾصل، السؾصل، العخاؽ 1
 قدؼ عمؾـ البيئة، كمية العمؾـ البيئية، جامعة السؾصل، السؾصل، العخاؽ 2

 قدؼ التسخيض، كمية التسخيض، جامعة تمعفخ، تمعفخ، العخاؽ 3
 25/2/2025,  تاريخ القبؾؿ 18/2/2025, تاريخ السخاجعة 20/1/2025تاريخ الإستلاـ 

 

 السمخص

وإمكانية / العخاؽ مؾسسياً في قزاء تمعفخ ضسؽ محافغة نيشؾػ ىجفت الجراسة الحالية لتقييؼ نؾعية مياه وادؼ سمسى  
، اذ قيدت بعض الخرائص 2024شيخ تسؾز  وحتى 2023مؽ شيخ تذخيؽ الثاني لمسجة  استخجاميا لأغخاض الخؼ 

السؾاد الرمبة ، العدخة الكميةد تخكي، التؾصيمية الكيخبائيةالتي تسثمت بالجالة الحامزية،  الفيدوكيسيائية والبكتخيؾلؾجية
 وعجدؼ البكتيخيا الكمي وبكتيخيا القؾلؾف. بيشت ،والشتخات أيؾني الكمؾريج، الكبخيتات، أيؾنات الأورثؾفؾسفات، الحائبة الكمية

 تخاوحت قيؼ الجالة الحامزيةنتائج الجراسة الحالية بعجـ وجؾد تغايخ كبيخ في الخرائص السجروسة خلاؿ فرؾؿ الدشة إذ 
/سؼ، وعؽ تخاكيد العدخة مايكخوسيسشد( 1211-1124( اما قيؼ التؾصيمية الكيخبائية فقج تخاوحت ما بيؽ )7.3-7ما بيؽ )

 السؾاد الرمبة الحائبة الكمية( ممغؼ/لتخ، فيسا تخاوحت تخاكيد 806-730ح ما بيؽ )الكمية فقج أعيخت الشتائج اف مجاىا تخاو 
تخاوحت ما بيؽ  الكبخيتاتو  الأورثؾفؾسفات( ممغؼ/لتخ، كسا بيشت نتائج الجراسة الحالية أيزاً أف تخاكيد 786-587ما بيؽ )

ريج والشتخات فقج تخاوحت قيسيؽ ما بيؽ ( ممغؼ/لتخ عمى التؾالي، اما تخاكيد أيؾني الكمؾ 389-357( )2.11-2.61)
( ممغؼ/لتخ عمى التؾالي، أخيخاً سجمت الشتائج أف اعمى عجدؼ لمبكتيخيا الكمية وبكتيخيا 20.124-22.145( )74-98)

 مل.100( خمية/103×22-103×44القؾلؾف عمى التؾالي كاف )

الفيدكيسائية و البكتخيؾلؾجية تقع ضسؽ محجدات السياه بيشت الشتائج إف السياه الؾادؼ ومؽ خلاؿ دراسة بعض الرفات 
 العخاقية لأغخاض الخؼ.

 .الفيدوكيسائيةالخصائص  : وادؼ, تمعفخ، تمؾث السياه,الكمسات السفتاحية
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Abstract 

The current study aimed to evaluate the quality of the water of valley Salma Dara in Tal Afar 

District within Nineveh Governorate/Iraq seasonally and the possibility of using it for 

irrigation purposes for the period from November 2023 to July 2024. Some physicochemical 

and bacteriological properties were measured, which were represented by the acidity 

function, electrical conductivity, total hardness concentration, total dissolved solids, 

orthophosphate ions, sulfates, chloride and nitrate ions, and total bacterial counts and 

coliform bacteria. The results of the current study showed a clear variation in the properties, 

as the acidity function values ranged between (7-7.5), while the electrical conductivity values 

ranged between (1161-1611) microsiemens/cm, and as for the total hardness concentrations, 

the results showed that their range ranged between (452-523) mg/l, while the concentrations 

of total dissolved solids ranged between (554-453) mg/l. The results of the current study also 

showed that the concentrations of orthophosphate and sulfate ranged between (6.11-6.31) 

(524-556) mg/l, respectively, while the concentrations of chloride and nitrate ions ranged 

between (41-65) (62.161-66.112) mg/l, respectively. Finally, the results recorded that the 

highest number of total bacteria and colonic bacteria, respectively, were (41×10
3
-22×10

3
) 

cells/ml during the four seasons. 

The results showed that the valley water, through some of the studied physicochemical and 

bacteriological characteristics, falls within the determinants of Iraqi water for irrigation 

purposes. 

Keywords: valley, Tal Afar, water pollution, physicochemical properties. 

 

 السقدمة

 أغمبتذيخ اذ  لؾجؾدىا لمحزارات وسخاً  عساداً كسا يعج أساسيا  كؾنو متظمباً السياه مؽ الزخورات السيسة في حياتشا 
شقص الحاد في السؾارد السائية الجخاء ما  العخاؽولاسيسا  والؾطشي العخبي العالؼ مذاكلالجراسات الستعمقة بالسياه الى تدايج 

وتجني حرة الفخد مشيا وىؾ ما يدتجعي العسل عمى استغلاؿ جسيع السرادر السائية السسكشة والاستعانة بالتجارب و 
 تي اعتسجتيا بعض الجوؿ التي تؾاجو مذاكل مساثمة والتي تتسثل في بخامج معالجة السياه الخماديةالسسارسات الشاجحة ال

 مؽ السؾارد السائية الستاحة %(80-70) ما بيؽ يدتشفح الحؼ الخؼ  حتياجاتامياه الرخؼ الرحي، لتغظية قدؼ مؽ و 
(FAO, 2017). 

يئية والاقترادية والاجتساعية. تذكل الؾدياف مداحات طبيعية الؾدياف ىي مشاطق جغخافية فخيجة وميسة مؽ الشاحية الب
فخيجة تتسيد بخرائريا الجيؾلؾجية والبيئية والسشاخية. تتسيد الؾدياف بتزاريديا الستشؾعة، مثل الأنيار والججاوؿ 
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 وديانالان  (Machado and Soares, 2018). أكج والبحيخات، والتي تمعب دورًا ىامًا في دعؼ الحياة البخية والبذخية

جزءًا هامًا من النظام البيئي، حيث يلعب دورًا مهمًا في دعم الحياة البرية والبشرية. مياه الوادي تعتبر موردًا هامًا للشرب 

في عل التحجيات البيئية  (Pinto, 2019)والري والصناعة، ولكنها تعرضت لتلوث بسبب النشاطات البشرية 
، أصبح مؽ الزخورؼ البحث عؽ مرادر بجيمة لمسياه لمخؼ. مياه الفزلات السظخوحة والاقترادية التي تؾاجو  العالؼ اليؾـ

 Thapa et)، ولكشيا تتظمب معالجة وتحديؽ جؾدة قبل استخجاميا في مشاطق الجافة في الؾدياف تعتبخ مرجرًا ىامًا لمسياه
al., 2020) .والأيؾنات،  تراكٍز عالٍة مه الصودٌوم، المغنٍسٍوم أن مٍاه الفضلات المطروحة فً الودٌان قد تحتوي على

وعشاصخ الثقيمة وأف تخاكيدىا ليدت ثابتو كؾنيا تعتسج عمى أنذظة الانداف السختمفة مثل السياه  والسؾاد الرمبة الحائبة الكمية
  . et al.(Jalali(2024 ,السظخوحة مؽ الرشاعات السختمفة ومياه الرخؼ الرحي 

يُعج  ،السشظقة الى زيادة الحاجة لاستخجاـ البجائل الستاحة مؽ السياه الجفاؼ والتظؾر الدراعي والعسخاني فيساىست مؾجات 
، حيث يتسيد بتشؾعو الحيؾؼ وثخائو بالسؾارد الظبيعية. يعتبخ ة الجراسةوادؼ سمسى جدءًا ىامًا مؽ الشغاـ البيئي في مشظق

ه في الؾادؼ طؾاؿ العاـ، مسا يجعمو مرجرًا محتسلًا لمخؼ. ييجؼ ىحا البحث الساء مؽ أىؼ ىحه السؾارد، حيث تتجفق السيا
في قزاء تمعفخ ضسؽ محافغة نيشؾػ ،  سياه وادؼ سمسىلكيسيائية والبكتخيؾلؾجية يائية والخرائص الفيد ال تكيؼ بعضإلى 

ديد التشسية الدراعية السدتجامة في وتقييؼ جؾدتيا، وتحجيج إمكانية استخجاميا في رؼ الأراضي الدراعية، بسا يديؼ في تع
 السشظقة.

 السهاد وطرائق العسل

 وصف مشظقة الدراسة:

بداتيؽ  بالقخب مؽ مشظقة الجراسةتقع لتقييؼ نؾعية مياه الؾادؼ أجخيت الجراسة الحالية في مختبخات كمية العمؾـ البيئية، 
إذ ترب فيو مياه  (N ''27'22°36)وخط العخض  (E ''22'27°42)القزاء وعشج خط الظؾؿ  جشؾب تمعفخ في

 الفزلات السظخوحة مؽ مجيشة تمعفخ فزلا عؽ مياه عيؽ صؾباشي وتخوػ مياىيا العجيج مؽ البداتيؽ في القزاء.

 
 )الباحث(( مياه وادي سمسى 1الذكل )
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 :اتجسع العيش

نسؾذج ، وبسعجؿ 2024 تسؾزوحتى شيخ  2023 تذخيؽ الثانيمؽ شيخ  العيشات مؽ مشظقة الجراسة الحالية ابتجاء جسعت
إذ جسعت العيشات مؽ مشظقة التي تخوؼ بداتيؽ  (.APHA and WCPE, 2017) فرمياً وقيدت الشساذج حدب

 السجيشة.                                                  

 :الفحهصات الحقمية

،  (-10-110) باستخجاـ محخار كحؾلي مجرج ياهدرجة حخارة السقيست  والتؾصيمية الكيخبائية فقج تؼ  الجالة الحامزية ماأْـ
تؼ قياس السؾاد الرمبة الحائبة الكمية وكحلػ  ،HANNA INSTRUMENTSنؾع  pH & EC meterباستخجاـ  قياسيسا

 .OEMنؾع  TDS meterباستخجاـ جياز 

 :الفحهصات السختبرية

أيؾف الكبخيتات باستخجاـ جياز قناني البلاستيكية نظيفة حيث قيس لإجراء الفحوصات المختبرية أخذت النماذج في 
Turbidity meter  مع  قج تؼ تدحيحيااما العدخة الكمية فوNa2EDTA كسا تؼ قياس ايؾف الكمؾريج بتدحيحو مع نتخات ،

البايؾلؾجية فتؼ تقجيخ . وفيسا يخص الفحؾصات SpectroPhotometerباستخجاـ جياز  االشتخات فتؼ قياسي الفزة. اما
 .(Cappuccino and Welsh, 2018)خيا القؾلؾف بظخيقة الشذخ عمى الأطباؽ حدب يخيا وبكتيالعجد الكمي لمبكت

( محجدات التؾصيمية الكيخبائية وكسية الاملاح الحائبة الكمية لأغخاض الخؼ حدب مختبخ السمؾحة 1يؾضح الججوؿ )
 .(Saghir, 2017)سحجدات العخاقية لمسياه السدتخجمة لأغخاض الخؼ فيؾضح ال (2)الأمخيكي، اما الججوؿ 

محددات مختبر السمهحة الأمريكي لسياه الري حدب محتهاها من التهصيمية الكهربائية وكسية الاملاح الذائبة  (1جدول )ال
 (.Al-Sanjary,2001)الكمية 

 صشف الساء
 التهصيمية الكهربائية 
 (مايكروسيسشز/سم(

الأملاح الذائبة كسية 
 الكمية )ممغم/لتر(

 مدى ملائسة السياه لمري 

C1 قميل السمهحة   250-100 160-0 
الساء ملائؼ لأغمب الشباتات ولسعغؼ التخب مع احتساؿ قميل ججا 

 لشذؾء ممؾحة التخبة

C2 متهسط  
 السمهحة

750-250 480-160 
غدل الساء ملائؼ لمشباتات جيجة التحسل للأملاح في حالة وجؾد 

 متؾسط لمتخبة
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C3 عالي السمهحة   2250-750 1440-480 
الساء ملائؼ لمشباتات متحسمة السمؾحة وعمى التخب جيجة البدؿ مع 

 ضخورة وجؾد نغاـ بدؿ وغدل جيج لمتخبة

C4 عالي السمهحة  
 جدا  

5000-2250 3200-1440 
 الساء ملائؼ لمشباتات الستحسمة ججا لمسمؾحة عمى التخبة الشفإذية

 جيجة البدؿ مع وجؾد غدل شجيج للأملاح

 

 (Saghir, 2017)( يهضح محددات السياه العراقية السدتخدمة لأغراض الري  2الجدول )

 السحجد العخاقي الستغيخ
pH 6.5-8.5  
 

 (T.H) العدخة الكمية
 )ممغؼ/لتخ(

 
 

( مشخفزة1000)اقل مؽ   
( متؾسظة1000-3000)  

( مختفعة3000)أكثخ مؽ   
 

400اقل مؽ  الكبخيتات )ممغؼ/لتخ(  
200اقل مؽ  الكمؾريج )ممغؼ/لتخ(  
50اقل مؽ  الشتخات )ممغؼ/ لتخ(  

 

 الشتائج والسشاقذة

 pH                                                                                                  الدالة الحامزية

، مسا يتؾافق مع (7.3- 7 )بيؽ خواحتت pHاؿ تخاكيدفي  نتائج متقاربة خلاؿ فرؾؿ الدشةسجمت الجراسة الحالية 
ومظابقة السعاييخ  pHالشتائج تذيخ إلى استقخار قيؼ  (8.5-6.5 )بيؽ pHالسعاييخ العخاقية لسياه الخؼ التي تحجد مجػ 

وىحا ما أكجتو الجراسات البيئية حيث . .pH ةتؤثخ عمى قيس التي تحسميا السياه لات ف الفزلاأيعدػ ذلػ الى  البيئية،
في دراستيا  (Shihab, 2021) الشيخ، و استشتجتحؾؿ تأثيخ السظخوحات عمى مياه  (Shehab, 2017) أعيخت دراسة

كانت ضسؽ  pHعؽ بعض الخرائص الفيديائية والكيسيائية والإحيائية لسياه نيخ دجمة ضسؽ مجيشة السؾصل، أف قيؼ الػ 
خلاؿ دراستيا لفزلات  (Alkhabouri, 2023) (. اما ما تؾصمت اليو8.5-6.5دسؾح بيا اذ تخاوحت بيؽ )الحجود الس

 ، (7.9-6.91تخاوحت ما بيؽ ) pHمياه السشازؿ في محظات الخفع داخل مجيشة السؾصل، فاف قيؼ الػ 
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 في مشظقة الدراسة خلال افرل الدشة pH( قيم 2الذكل )

 

 Electrical Conductivity (EC)                                                            التهصيمية الكهربائية

( مايكخوسسيشد/سؼ 1124وبمغت ) 2024نيداف في شيخ  في فرل الخبيع ECنتائج الجراسة الحالية أقل قيسة الػ  سجمت
شكل في  مؾضح مايكخوسسيشد/سؼ، كسا( 1211وبمغت ) 2024في شيخ تسؾز  في فرل الريفعمى قيسة أ بيشسا كانت 

رتفاع قيؼ التؾصيمية الكيخبائية يعؾد إلى طبيعة الفزلات التي تحتؾؼ عمى أنؾاع مختمفة مؽ الأملاح، حيث تؤثخ ا(، 3)
يؤدؼ  مؽ ناحية أخخػ  EC (Alkhabouri, 2023 ،) كسية وتشؾع الأملاح في مياه السجارؼ والفزلات عمى قيؼ الػ

 (.Al-Taee, 2022ت بدبب الأمظار إلى انخفاض ىحه الكيؼ )تخفيف مياه الفزلا

 

 في مشظقة الدراسة خلال افرل الدشة EC( قيم 3الذكل )                          
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  Total Dissolved Solid (TDS)                                                    السهاد الرمبة الذائبة الكمية 

 تخكيدعمى أ ( ممغؼ/لتخ، اما 587اذ بمغ ) 2024نيداف)فرل الخبيع( في شيخ  TDSلمػ  تخكيدالجراسة الحالية اقل  اعيخت
 TDSالػ  تخاكيد(. تعتسج 4ذكل )الفي مؾضح كسا  ممغؼ/لتخ(786مغ )وب 2024تسؾز)فرل الريف(فقج كاف في شيخ 

 .(Bhat et al., 2018)طخدؼ بذكل عمى قيسة التؾصيمية الكيخبائية، اذ تتشاسب معيا 

 

 في مشظقة الدراسة خلال افرل الدشة TDS( قيم 4الذكل )

 

                                                         Total Hardness (T.H)                 العدرة الكمية   
في  تخكيدحيث سجل أعمى  فرؾؿ الدشةبيؽ  T.Hالػ  تخاكيدفي  بعجـ وجؾد فخؽ كبيخعيخت نتائج الجراسة الحالية أ    

نيداف في شيخ في فرل الخبيع  تخكيد( ممغؼ/لتخ، بيشسا كاف أقل 806وبمغ ) 2024 تسؾزفي شيخ فرل الريف 
 لاحتؾاءيعؾد  T.Hالػ  تخاكيدف سبب الارتفاع والانخفاض في إ(، 5 الذكلفي ) مؾضح ( ممغؼ/لتخ كسا730وبمغ ) 2024

) .Al-Mashhadany, 2023ملاح الكالديؾـ والسغشيديؾـأوالغشية ب ملاح غيخ الشكية امياه الفزلات السشدلية عمى  )

 

 في مشظقة الدراسة خلال افرل الدشة T.H( قيم 5الذكل )
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712 القراءات 632 587 786

0

100

200

300

400

500

600

700

800

900

(
غم

مل
/

ر
لت

) 

 الصيف الربيع الشتاء الخريف

794 القراءات 750 730 806

680

700

720

740

760

780

800

820

(
غم

مل
/

ر
لت

) 



25 
 

Sulphate Ions (SO4أيهنات الكبريتات    
-2)                                                                    

( 357وبمغت )  2024كانؾف الاوؿ في شيخ  في فرل الخبيع لمكبخيتاتنتائج الجراسة الحالية  أقل قيسة  سجمت     
في  مؾضح كسا، ممغؼ/لتخ( 389وبمغت ) 2024في شيخ تسؾز  في فرل الريفعمى قيسة أ بيشسا كانت  ممغؼ/لتخ
SO4الػ  تخاكيدف إ(، 6)الذكل 

 الػ ، والتي حجدت تخكيدلمخؼ  الحجود السدسؾح بياضسؽ  كانت الجراسة الحالية خلاؿ مجة 2-
SO4

لأنيا تؤكدج السخكبات  قؾيا، امؤكدج الكبخيتات عاملاوتسثل  (.2في )الججوؿ مؾضح كسا  ( ممغؼ/لتخ400بػ )  2-
 (.Venkatesharaju et al., 2010)للأكدجة العزؾية السعخضة 

 
SO4 ( قيم6الذكل )

 في مشظقة الدراسة خلال افرل الدشة2-

 

Phosphates Ions (PO4                                                               أيهنات الأورثهفهسفات
-3) 

PO4الػ  تخاكيدفي  نتائج متقاربة خلاؿ فرؾؿ الدشةسجمت الجراسة الحالية 
( 2.61-2.11ما بيؽ ) تخاكيدىااذ تخاوحت  3-

 .(7لذكل في )ا مؾضح كسا ممغؼ/لتخ

PO4الػ  تخاكيدالسحجدات العخاقية  ثبتت 
PO4الػ  تخكيد نتائج( ممغؼ/لتخ كحج أقرى ، كانت 3بػ ) 3-

ضسؽ الحجود  3-
PO4أيؾنات الػ  تخاكيدإف الدبب في أرتفاع ،  الجراسة الحالية خلاؿ فتخةالسدسؾح بيا لمخؼ 

يعؾد لظبيعة الفزلات  3-
 .(Al-Mashhadany,2023) السشغفات الحاوية عمى الفؾسفات كسيات وأنؾاع السجنية فزلًا عؽ
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PO4 ( قيم7الذكل )
 في مشظقة الدراسة خلال افرل الدشة3-

 

Nitrate Ions (NO3أيهنات الشترات   
-)                                                                            

NO3الػ  تخاكيداعيخت نتائج الجراسة الحالية أف     
في  مؾضح ( ممغؼ/لتخ كسا22.145-20.124تخاوحت ما بيؽ ) -

NO3الػ  تخكيدوالتي حجدت  سياه الخؼ السدسؾحة لم صفاتالسؾ ا (، وىي ضسؽ8 الذكل)
في  مؾضح ( ممغؼ/لتخ كسا50بػ ) -

NO3الػ أيؾنات  تخاكيدالاختلاؼ في  ىحاأف  (.2)الججوؿ 
، مؾنيا الشاتجة عشيانداف والأزية للإيفعاؿ الألى الأإيعؾد  -

 ,Al-Taee)الرحي لؾصؾؿ السبيجات الدراعية فزلًا عؽ السظخوحات فزلات الحيؾانات الى مياه الرخؼ بالإضافة 
2022.) 

 

NO3 ( قيم8)الذكل 
 في مشظقة الدراسة خلال افرل الدشة -

 

                                                                              Chloride Ion (Cl-)أيهن الكمهريد   
في مؾضح كسا  ( ممغؼ/لتخ98-74حيث بمغ مجاىا ما بيؽ ) -Clالػ  تخاكيدفي بؾجؾد فخؽ سجمت نتائج الجراسة الحالية    
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. (2كسا مؾضح في )الججوؿ  خؼ حدب السحجدات العخاقية لم خؼ السدسؾح بيا لم الحجودضسؽ  وكانت الشتائج(، 9 الذكل)
 .Cl- (Danhalilu et al., 2018)الػ مفزلات الدائمة التي تكؾف غشية بأيؾف لقج يعؾد  -Clالػ أف الدبب في وجؾد أيؾف 

 

  في مشظقة الدراسة خلال افرل الدشة-Cl ( قيم9الذكل )                             

                                                      Total Bacteria Count (T.B.C)ريا     يالعدد الكمي لمبكت
بيشسا  ،مل100( خمية/103*32وبمغ ) 2023 تذخيؽ الثانيفي شيخ  T.B.Cعجد لػ  دنىسجمت الجراسة الحالية أ      

. يعؾد سبب (10كسا مؾضح في )الذكل  مل100( خمية/103*44وبمغ ) 2024 نيداففي شيخ  عجدسجمت أعمى 
 .(Al-Saffawi, 2018) الفزلاتالسؾجؾدة في مياه  زيادة كسية السؾاد العزؾية الىالعجد الكمي لمبكتيخيا  ارتفاع

            

  في مشظقة الدراسة خلال افرل الدشة T.B.C ( قيم10الذكل )                               

 Total Coliform Count (T.C.C)                                                   ريا القهلهن يالعدد الكمي لبكت

بيشسا سجمت  ،مل100( خمية/103*16وبمغ ) 2024تسؾز في شيخ  T.B.Cسجمت الجراسة الحالية أقل عجد لػ          
الػ  أعجاد. يذيخ أرتفاع (11كسا مؾضح في )الذكل  مل100( خمية/103*22وبمغ ) 2024 نيداففي شيخ  عجدأعمى 
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T.C.C نتيجة ترخيف خدانات التعفيؽ الى شبكة الترخيف العامة خرؾصاً  الى تمؾث السياه بالفزلات السشدلية (Al-
Saffawi, 2018). 

           

  في مشظقة الدراسة خلال افرل الدشة T.C.C ( قيم11الذكل )                           

 الاستشتاجات

 صُشفت نؾعية السياه السجروسة مؽ مياه عدخة إلى مياه عدخة ججاً حدب ترشيف العدخة. 

والخخيف بدبب ( خلاؿ فرمي الريف TDSالكمية )( وتخاكيد السؾاد الرمبة الحائبة ECارتفاع قيؼ التؾصيمية الكيخبائية ) 

ارتفاع درجات الحخارة في مشظقة الجراسة خلاؿ ىحيؽ الفرميؽ إذ اف ارتفاع درجات الحخارة تديج مؽ عسمية تبخخ السياه مسا 

 .الى تخاكؼ الاملاح في السياه يؤدؼ

 (.8.5-6.5الجراسة فيي تقع ضسؽ السجػ ) خلاؿ مجة( كانت ضسؽ السجػ الظبيعي pHإفَّ قيؼ الجالة الحامزية ) 

، الكلوريد( الأورثوفوسفات  ،النتراتالايونات المدروسة )الكبريتات، في قيم  بيشت نتائج الجراسة بعجـ وجؾد تغايخ كبيخ

 خلال مدة الدراسة.

ض الري و كذلك الوادي صالحة لاستخدام لأغرامياه  نستنتج من النتائج لبعض الخواص الفيزوكيمائية المدروسة إن

 يمكن عمل محطة معالجة أولية او ثانوية لمياه الوادي لاستخدامها لأغراض أخرى.
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تظبيق نظم السعمهمات الجغرافية والتحميل الستعدد السعايير لتحديد أفزل الأماكن  إستخدام
 لظسر الشفايات الرمبة في  قزاء تمعفر

 ل قاسم                            رائد محمود فيصليبراء يعقوب إسحق                                 اياد فض                 

 كلية العلوم البيئية / جامعة الموصل                     

 30/6/2025,  تاريخ القبؾؿ 14/5/2025, تاريخ السخاجعة 24/3/2025تاريخ الإستلاـ 

           السمخص
تمعب إدارة الشفايات الرمبة دوراً محؾرياً في تعديد الرحة العامة والحفاظ عمى البيئة مؽ خلاؿ الحج مؽ السخاطخ البيئية والآثار 
الاجتساعية الدمبية. وفي عل تدايج كسيات الشفايات الشاتجة عؽ الأنذظة البذخية، تبخز الحاجة إلى إختيار مؾاقع مشاسبة لظسخ 

 سية ومدتجامة.الشفايات برؾرة عم
تيجؼ ىحه الجراسة إلى تحجيج السؾاقع السثمى لظسخ الشفايات الرمبة في قزاء تمعفخ بالاعتساد عمى تقشيات نغؼ السعمؾمات 

( لتحجيج الأوزاف AHP(، باستخجاـ طخيقة التحميل اليخمي )MCDM( وأسمؾب اتخاذ القخار متعجد السعاييخ )GISالجغخافية )
ثخة. شسل التحميل ستة عؾامل رئيدية: الغظاء الأرضي، شبكة الظخؽ، نؾع التخبة، الانحجار، الارتفاع واتجاه الشدبية لمعؾامل السؤ 

، ومؽ ثؼ دمج الظبقات مؽ خلاؿ أسمؾب الجمج الؾزني لإنتاج GISالخياح. وقج تؼ جسع البيانات السكانية وتحميميا داخل بيئة 
 خخائط السلاءمة.

ات ملاءمة عالية لإنذاء مؾاقع الظسخ، تتخكد بذكل خاص في الجدء الجشؾبي الغخبي مؽ قزاء أعيخت الشتائج وجؾد مشاطق ذ
تمعفخ، والتي تترف بانخفاض الكثافة الدكانية  واعتجاؿ الانحجار  وبعجىا عؽ السشاطق الدكشية، إضافةً إلى قخبيا مؽ الظخؽ 

 الخئيدة، مسا يجعميا مشاسبة مؽ الشاحية البيئية والمؾجدتية.
يسثل أداة فعالة تجعؼ اتخاذ قخارات مدتجامة في مجاؿ إدارة  MCDMمع مشيجيات  GISتؾصمت الجراسة إلى أف دمج تقشيات 

الشفايات. وتؾصي بأىسية الخصج البيئي السدتسخ كؾسائل داعسة لمتخظيط طؾيل الأمج، بسا يزسؽ السخونة والتكيف مع التغيخات 
 خ البيئي الشاتج عؽ مؾاقع الظسخ الغيخ السلائسة.السدتقبمية  ويُديؼ في الحج مؽ الأث

 : الشفايات الرمبة, نغؼ السعمؾمات الجغخافية, تحميل متعجد السعاييخ , مؾاقع الظسخ.الكمسات السفتاحية
 

Using the GIS application and multi-criteria analysis to 

determine to optimal site for solid waste landfill in Tal Afar 

district 

Baraa Y. Ishaq                            Ayad F. Qasim                                     Raid M. Faisal                     
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Abstract 

Solid waste management plays a vital role in enhancing public health and protecting the 

environment by minimizing ecological hazards and social impacts. This study aims to determine 

optimal landfill sites in the Tal Afar district using Geographic Information Systems (GIS) and 

Multi-Criteria Decision Making (MCDM) techniques. Six key factors were analyzed: land cover, 

road network, soil type, slope, elevation, and wind direction. Each factor was weighted using the 

Analytic Hierarchy Process (AHP), and spatial analysis was performed using a weighted overlay 

in a GIS environment. The resulting suitability maps identified highly appropriate areas for 

landfill development, primarily located in the southwestern part of the Tal Afar district, 

characterized by low population density, moderate slope, and road accessibility. The study 

concludes that integrating GIS and MCDM provides a reliable framework for sustainable site 

selection. It also recommends ongoing environmental monitoring and long-term waste 

management planning. 

 Keywords: Solid waste, Geographic information systems, Multi-criteria analysis, Landfill sites.   

 السقـدمــة

متدايجاً في العجيج مؽ تعجُّ الشفايات الرمبة مؽ السؾاد الزارة التي يتؼ التخمص مشيا لعجـ ججواىا، إلا أف إدارتيا تسثل تحجياً 
البمجاف نتيجةً لدؾء التعامل معيا. ولتحقيق بيئة مدتجامة وصحية، أصبح مؽ الزخورؼ تبشّي أساليب معالجة آمشة تزسؽ 
حساية الرحة وتحافع عمى البيئة. ومؽ بيؽ الأساليب الفعالة في ىحا السجاؿ، تُؾعَّف تقشيات نغؼ السعمؾمات الجغخافية 

(GIS والاستذعار )( عؽ بُعج في تحجيج السؾاقع السثمى لإنذاء الخخائط السكانية الخاصة بإدارة الشفاياتOyebode O. J., 
2024.) 

يُعَجُّ الظسخ الرحي مؽ أكثخ الظخؽ شيؾعًا لمتخمص مؽ الشفايات الرمبة، حيث تُؾزَّع الشفايات في طبقات رقيقة، ثؼ تحجؿ 
ؽ التخبة، مسا يديؼ في تقميل تأثيخىا البيئي والحج مؽ الانبعاثات الزارة. في مداحات صغيخة وتُغظى في الشياية بظبقة م

وعمى الخغؼ مؽ تشؾع الأساليب الستبعة في معالجة الشفايات، فإف الظسخ الرحي يغل خياراً مفزلًا في العجيج مؽ 
ؽ قاعجة بيانات مكانية (. إذ تتيح ىحه الشغؼ تكؾيGISالسشاطق، خاصة عشج ارتباطو مع نغؼ السعمؾمات الجغخافية )

متكاممة تُدتخجـ في تحميل الخرائص البيئية والسكانية لمسؾاقع السقتخحة، بسا يديّل عسمية اتخاذ القخار  ويعدز مؽ فعالية 
 (.Hazarika R. et al., 2020إدارة الشفايات الرمبة بذكل عمسي ومجروس )

أبخز تظبيقات التحميل السكاني التي تعتسج عمى تقشيات التحميل وفي ىحا الإطار، يُعج اختيار مؾاقع مكبات الشفايات مؽ 
(، لسا تؾفخه مؽ أدوات تداعج في تقييؼ السؾاقع بشاءً عمى مجسؾعة مؽ العؾامل البيئية MCDMمتعجد السعاييخ )

مؽ مشغؾمة  والاجتساعية والاقترادية. ومع ذلػ، لؼ تعج السكباتّ  حلًا نيائيًا لمتخمص مؽ الشفايات، بل أصبحت جدءً 
(. وقج تظؾرت Maqsoom A. et al., 2022متكاممة تيجؼ إلى تحؾيل الشفايات إلى مؾارد ذات قيسة بيئية واقترادية )

مفاليؼ إدارة الشفايات بذكل ممحؾظ خلاؿ الدشؾات الأخيخة، فمؼ تعج تقترخ عمى أساليب تقميجية كالحخؽ أو الظسخ، بل 
مثل إعادة التجويخ  واستخلاص الظاقة  والاستفادة مؽ السخمفات بظخؽ مبتكخة تؾسعت لتذسل استخاتيجيات مدتجامة 

(Musa, A. et al., 2021.) 



33 
 

 فيسا يمي مجسؾعة مؽ الجراسات القائسة عمى ذلػ :

(, تحميلًا لاختيار مؾقع مشاسب لظسخ الشفايات الرمبة في مجيشة السؾصل، et al ., 2018)  Faisal RM أجخت دراسة
إطارىا تقجيخ كسيات الشفايات الستؾلجة في السجيشة، بالإضافة إلى استعخاض طخؽ معالجتيا. وقج بيّشت نتائج حيث تؼ في 

الجراسة أف استخجاـ التحميل القائؼ عمى السعاييخ السعتسجة ساعج بذكل فعّاؿ في تقييؼ السؾاقع السقتخحة لمظسخ، مسا أسيؼ 
 الشاحية البيئية والفشية.في دعؼ اتخاذ القخار بذأف السؾقع الأندب مؽ 

أعيخت إحجػ الجراسات في محافغة الدميسانية تقييساً كسياً لإنتاج  (,Alkaradaghi et al ., 2021أجخت دراسة )
الشفايات الرمبة، وركّدت عمى التحجيات التي تؾاجو إدارتيا، خاصة في عل الارتفاع الستؾقع لسعجلات التؾليج السدتقبمي. 

كغؼ، ليرل إجسالي  1.32قج يبمغ معجؿ إنتاج الفخد اليؾمي مؽ الشفايات نحؾ  2040الجراسة أنو بحمؾؿ عاـ وبيشت نتائج 
طشاً . وتُبخز ىحه الأرقاـ الحاجة إلى تخظيط بعيج السجػ لسؾاقع طسخ الشفايات، مؽ  10,445الإنتاج اليؾمي إلى حؾالي 

الاستيعابية، بسا يزسؽ تقميل الأثخ البيئي وتخفيف الزغط عمى البشى  خلاؿ اختيار مؾاقع تتدؼ بالاستجامة البيئية والقجرة
 التحتية الحالية.

لتحميل مؾاقع الظسخ في محافغة بابل،  MCDM(, إستخجاـ نسؾذج (Al-Ansari N et al., 2019بيشسا، ناقذت دراسة 
 يخ البيئية، مسا يذكل خظخاً عمى السجتسع.حيث أعيخت الشتائج إف مؾاقع التخمص مؽ الشفايات الحالية لا تتؾافق مع السعاي

(, عمى نسحجة جؾدة السياه الجؾفية في قزاء الذيخاف Ahmed MF et al., 2020عمى جانب آخخ، ركدت دراسة )
، حيث تؼ ArcGIS( مع بخنامج AHPبيجؼ إنذاء الظبقات الفخعية لمسشظقة. استخجمت الجراسة أسمؾب التحميل اليخمي )

ئسة مع خخائط السلائسة لتقييؼ جؾدة السياه بذكل شامل. أثبتت الشتائج أف ندبة كبيخة مؽ السياه غيخ دمج الأوزاف السلا
 صالحة لمذخب، مسا يدتجعي اتخاذ إجخاءات عاجمة لسعالجتيا وضساف سلامتيا لمحفاظ عمى الرحة العامة.

  السشهجية

ؿ عجد مؽ القزايا الستخابظة ضسؽ إطار مشيجي دقيق، بالاعتساد عمى بيانات مؾثؾقة جُسعت مؽ مرادر متعجدة، تؼ تشاو 
مسا أتاح إنتاج خخائط تفريمية تغظي مشظقة الجراسة بجقة. وفي ىحا الدياؽ، تؼ تظبيق أسمؾب التحميل متعجد السعاييخ 

(MCDM.بيجؼ تحجيج السؾاقع الأكثخ ملاءمة لإنذاء مكبات الشفايات الرمبة ) 

السكاني لإنتاج خخيظة نيائية تؾضح السؾاقع السقتخحة لمظسخ، وذلػ ضسؽ الحجود جخػ كحلػ تؾعيف تقشيات التحميل 
، مع دمج عجد مؽ MCDM( كأحج أساليب AHPالإدارية لقزاء تمعفخ. وقج استشج التحميل إلى مشيجية التحميل اليخمي )

ج عؽ إنتاج خخائط لسلاءمة السؾاقع، العؾامل السكانية والبيئية ذات التأثيخ السباشخ في عسمية الاختيار. وأسفخ ىحا الشي
 أسيست بجورىا في دعؼ اتخاذ القخار بذأف السؾقع الأمثل، مع مخاعاة السعاييخ البيئية ومتظمبات التخظيط العسخاني.

  (Multi- criteria decision making MCDM) 

( أداة تحميمية فعّالة تُدتخجـ لتقييؼ وتحجيج أندب السؾاقع لظسخ الشفايات، لسا يتستع بو MCDMيُعَج التحميل متعجد السعاييخ )
مؽ قجرة عمى التعامل مع معاييخ معقجة ومتذعبة تذسل الجؾانب البيئية  والاجتساعية  والاقترادية في آفٍ واحج. وتكتدب 
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(، إذ يُؾفخ ىحا التكامل وسيمة دقيقة لسعالجة وتحميل GISىحه السشيجية قؾة إضافية عشج ربظيا بشغؼ السعمؾمات الجغخافية )
 البيانات السكانية بظخيقة مشيجية تديؼ في دعؼ عسمية اتخاذ القخار.

في تظؾيخ نسؾذج متكامل يخاعي مختمف العؾامل السؤثخة، مسا يؤدؼ إلى تقميص الآثار  GISو MCDMيداعج الجسع بيؽ 
مؽ فعالية الدياسات التخظيظية الخامية إلى تحقيق تشسية مدتجامة. ومؽ خلاؿ ىحا  الدمبية السحتسمة عمى البيئة، ويُعدز

الشيج التكاممي، يسكؽ الؾصؾؿ إلى نتائج دقيقة ومؾثؾقة تجعؼ اختيار مؾاقع مجروسة بعشاية، تتؾافق مع الأطخ التشغيسية 
 عيج.والسعاييخ البيئية، وتُديؼ في تحديؽ كفاءة إدارة الشفايات عمى السجػ الب

يُديؼ ىحا الأسمؾب في تظؾيخ نسؾذج قخار متكامل يُخاعي مختمف الأبعاد البيئية والاجتساعية والاقترادية، بسا يُحقق تؾازناً  
فعّالًا بيؽ الستظمبات الستشافدة. كسا يُعالج الفجؾات في إدارة الشفايات مؽ خلاؿ تقجيؼ نسؾذج شامل يدتشج إلى مبادغ 

ار مؾاقع السكبات بسا يزسؽ الاستخجاـ الأمثل للأراضي، ويُديؼ في اتخاذ قخارات مجروسة تُخاعي الاستجامة، ويُعدز اختي
 (.(Faisal RM, et al: 2024الاعتبارات البيئية والاجتساعية بذكل متكامل. 

 

  مشظقة الدراسة

ػ، وتعج واحجة مؽ أىؼ تقع مشظقة الجراسة ضسؽ حجود قزاء تمعفخ، التي تتسخكد في الجدء الغخبي مؽ محافغة نيشؾ 
' 34° 36" شسالًا و51.4722' 10° 36السشاطق الحيؾية في شساؿ العخاؽ. تستج مشظقة الجراسة بيؽ خظي عخض 

" شخقاً، مسا يسشحيا مؾقعًا جغخافيًا 23.7579' 41° 42" شخقاً و50.3832' 11° 42" شسالًا، وخظي طؾؿ 55.8146
 استخاتيجيًا يخبط بيؽ شساؿ وغخب العخاؽ.

قظاع، تذسل الأقزية الؾاقعة ضسؽ حجود بمجية  42، مقدسة إلى ²كؼ 1062.73تبمغ السداحة الكمية لمسشظقة حؾالي 
مجيشة تمعفخ. تتسيد ىحا السشظقة التابعة لقزاء تمعفخ  بتشؾع تزاريديا، حيث تتخاوح بيؽ الديؾؿ السشبدظة والتلاؿ 

 اط الاستخجامات الأرضية فييا.السشخفزة، ما يداىؼ في تشؾع الغظاء الشباتي وأنس
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ندسة، وفقًا لآخخ التقجيخات، حيث يتؾزعؾف عمى خسدة قظاعات  217,000يقجر إجسالي عجد سكاف مجيشة تمعفخ بحؾالي 
سكشية رئيدية، تعكذ تخكيبة سكانية متشؾعة مؽ حيث العادات والثقافات، مسا يعدز مؽ الأىسية الاجتساعية والاقترادية 

 ( .1مؾضح في الذكل )لمسشظقة كسا 

 ( خارطة مؾقع مشظقة الجراسة لقزاء تمعفخ1الذكل )

 

 الشتائج والسشاقذة 

استشاداً إلى معاييخ إدارة الشفايات، يشبغي مخاعاة مجسؾعة مؽ الذخوط السعتسجة لزساف التخمص الفعّاؿ مؽ الشفايات. وبشاءً 
ات محجدة تزسؽ إدارة متكاممة لسجسؾعة مؽ الستغيخات السختبظة عمى حجؼ البيانات الستاحة، يتظمب الأمخ الالتداـ بإجخاء

 (.1بجرجات وأوزاف مختمفة، تعكذ أىسية كل متغيخ في عسمية التقييؼ واتخاذ القخار. كسا مؾضح في الججوؿ رقؼ )
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 ( الستغيخات السعتسجة لتحجيج السؾقع الامثل لظسخ الشفايات التابعة لقزاء تمعفخ1الججوؿ )

N Variables Sub- Variables Points 
Area_km2 Percent 

(%) 
Weights  

1 Slope 

0% - 2% 10 147.11 13.84 

10.77% 

2% - 7% 9 564.52 53.12 

7% - 12% 6 244.89 23.04 

12% - 18% 3 70.46 6.63 

18% > Restricted  35.74 3.36 

2 Soil 

Brown Soils Deep Phase 10 336.87 31.70 

12.67% Reddish Brown soils, deep phases 9 540.86 50.89 

Lithosolic Soils in Sand Stone & Gypsum 7 185.00 17.41 

 

 

 

3 

 

 

 

Land cover 

/Land use 

Barren land (Exposed Soil, Exposed Rocks 
&The Foots of the Mountains Hills is Barren) 

10 263.17 24.76 

19.01% 

Grass land 8 173.49 16.32 

Crops land, Cultivated Crops 7 585.88 55.13 

Orchards 3 2.73 0.26 

Urban and Rural Settlement Land, Paved 
Roads& Sediments of valleys Land Restricted 37.45 3.52 

4 Elevation 

< 400m 10 551.80 51.92 

5.81% 

 

400m – 450m 9 238.32 22.43 

450m – 500m 8 184.54 17.36 

500 – 550 6 62.07 5.84 

550m> 3 26.00 2.45 

5 Road network 

0m – 300m Restricted  220.34 20.73 

10.14% 

300m – 1000m 10 360.60 33.93 

1000m – 2000m 8 220.36 20.73 

2000m – 3000m 6 114.09 10.74 

3000m – 4000m 4 61.60 5.80 

4000m> 2 85.75 8.07 

6 Residential areas 
0m – 2000m Restricted  172.70 16.25 

21.54% 
2000m – 3000m 10 53.47 5.03 
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السشاطق الدكشية: تعج مؾاقع التخمص مؽ الشفايات مرجراً ميساً في إنساء السشاطق الدكشية، إذ تؤثخ عمى رصانة حياة 
الدكشية، قج تعسل عمى إفخاط السخاطخ الرحية ويدعى التخظيط الدكشي إلى إكساؿ  الدكاف، لكؽ قخبيا مؽ الإنبعاثات

بيئة متؾازنة مدتقخة ، مع سيؾلة الؾصؾؿ إلى الخجمات الأساسية وتشقدؼ حدب الكثافة إلى ضعيفة ، معتجلة، مختفعة، أو 
مع الحفاظ عمى الجؾانب البيئية مؾحجة ، ويتظمب كل مشيا بخامج تخظيط محجدة لتحديؽ كفاءة إستخجاـ السداحات ، 

3000m – 4000m 9 59.24 5.57 

4000m – 5000m 8 65.35 6.15 

5000m – 6000m 7 71.55 6.73 

6000m – 7500m 6 119.05 11.20 

7500> 4 200.61 18.88 

7 
Groundwater 

Level 

>70m 10 747.99 70.38 

6.12% 
60m-70m 9 133.34 12.55 

50m-60m 8 124.94 11.76 

<50m 4 41.66 3.92 

8 Wind Effect 

Very High 3 291.16 27.40 

13.94% 

High 5 100.15 9.42 

Moderate 7 165.64 15.59 

Low 8 392.24 36.91 

Very Low 10 113.56 10.69 

9 villages 

0m-1000m Restricted 43.18 4.06 

0% >1000m Unrestrict
ed 

1019.55 95.94 

1
0 

Electrical Power 
Lines 

0m-100m Restricted 18.76 1.77 

0% >100m Unrestrict
ed 

1043.97 98.23 

1
1 

Streams network 

0m-350m Restricted 127.05 88.05 

0% >350m Unrestrict
ed 

935.68 11.95 

1
2 

Airport & Military 
Base 

0m-500m Restricted 46.00 4.33 

0% >500m Unrestrict
ed 

1016.73 95.67 

1
3 

Wells 

0m-250m Restricted 7.88 0.74 

0% >250m Unrestrict
ed 

1054.85 99.26 
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(. يشفخد ىحا الإقتخاح السذتخؾ في إزدىار بيئات سكشية تجعؼ جؾدة الحياة وتعدز Ren X et al., 2023والاقترادية, )
 (.2( والخخيظة رقؼ )1% كسا تؤشخ البيانات الؾاردة في الججوؿ رقؼ )21.54الإستجامة التشسؾية ، حيث بمغ التأثيخ بشدبة 

" الأراضي وغظاء الأرض : لياعؾامل مؤكجة لتعييؽ السؾاقع السلائسة لمقزاء عمى الشفايات،.تقؾـ الأنذظة البذخية مثلًا 
 ,.Tela, A et alالغابات السدالة والإمتجاد الحزخؼ السبعثخ إلى تغييخات ىائمة في إستخجاـ الأراضي وغظائيا ,)

( أىسية حيؾية في استقخارية GISار عؽ بُعج ونغؼ السعمؾمات الجغخافية )(. تمعب التقشيات الستقجمة مثل الاستذع2024
% كسا تؾضح البيانات 19.01التغيخات، مسا يجعؼ صشاع القخار عمى إعتساد إستخاتيجيات مدتسخة. ، حيث بمغ التأثيخ 

 (.3(  والخخيظة رقؼ )1السدجمة في الججوؿ رقؼ )

ػ الأرصاد الجؾية والبيئية السرسسة، حيث يعسل عمى تأثيخ أنساط الظقذ، في " إتجاه الخياح : يعج عاملًا ذو أىسية لج
اختيار مؾقع الظسخ ، أيزاً لو دورًا قؾياً في إنتذار السمؾثات السحسؾلة في الجؾ بيشسا يداىؼ ىظؾؿ الأمظار في إحجاث 

لذامل، حيث تؼ تدجيل تأثيخ بشدبة (. ويديؼ ىحا السثيل قدساً مؽ التأثيخ البيئي اOsra F A et al., 2020الغازات )
 (.2( والخخيظة رقؼ )1% كسا ىؾ مؾضح في الججوؿ رقؼ )13.94

" التخبة: تعج التخبة مؽ العؾامل السيسة في إبعاد تجفق السياه إلى السجافؽ الشافعة، وىحا يخفض مؽ خظخ فعل الخشح 
 ,.Khor Sandi H et alرة الشفايات وحساية البيئة )وإتداخ السياه الجؾفية. قج يقؾد تكؾيشيا إلى دوراً ىاماً في إدا

(. تداعج التخبة بشدبة فعمية في ندبة السظامخ الرحية مؽ خلاؿ كدبيا كعائق حساية. لحلػ يتخح بالإعتبار 2019
مدجل إختيار التخبة بذكل دقيق ىجفاً رئيدياً لمسحافغة عمى أماف السظامخ وتقميل مؽ أثار تغيخ حالة السشاخ، مع تأثيخ 

 (.2( والخخيظة رقؼ )1% كسا ىؾ مؾضح في الججوؿ رقؼ )12.67بشدبة 

"السشحجر: يذيخ إلى ميلاف الأرض، ولو دور حاسؼ في الكثيخ مؽ العؾامل الظبيعية، مثل إقتشاء التخبة بالخطؾبة، والتعخية، 
 يعقب الإنحجار عمى السشاخات السحمية .مسا يلاحق بذكل مباشخ عمى ثباتية السشاعخ الظبيعية وواقع الأنغسة البيئية. كسا 

ويعج فيؼ وإدارة الإنحجار تقشية ميسة لمؾقاية مؽ إنييار التخبة ، وعمى الأخص السشاطق الستأثخة بالتشذيط البذخؼ مثل 
(, وقج يؾفخ الإنحجار حؾالي Armando's AM et al., 2023التعجيؽ , يداعج ايزاً في الحفاظ عمى الدلامة الييكمية )

 (.2( والخخيظة رقؼ )1% مؽ إلحاح تأىيل السجافؽ, كسا ىؾ مؾضح في الججوؿ رقؼ )10.77

"شبكة الظخؽ :ىي إدارة الأساس السجعؾـ الحؼ يخبط بيؽ  السشاطق الستشؾعة وبيؽ الحؾاجد، مسا يديل حخكة العابخيؽ 
والدمع. تتكؾف مؽ أنؾاع متشؾعة مؽ الظخؽ مشيا  الدخيعة والخيفية حيث تفيج كل مشيا إستخجامات الشقل الخاصة. قج تعج 

ية في إختيار مؾاقع السظامخ الرحية، حيث يؤثخ بعج الظخؽ وحالتيا عمى قجرة البمؾغ إلى الظخؽ مؽ العسميات الخئيد
(، Mallick J., 2021كفاءة الحسل وتكاليف التحسيل ، مسا يديج مؽ التكاليف المؾجدتية ويقمل مؽ قؾة السشظقة. وفقًا لػ )

ظيط إدارة الشفايات وإتساـ % مؽ اعتبارات السظامخ الرحية، مسا يمفت دورىا في تخ10.14تذكل شبكات الظخؽ حؾالي 
صيانة مفيجة لمظخؽ إلى مؾاقع السجافؽ يقؾد الؾصؾؿ ويخفض مؽ التكمفة ويحسي مؽ الآثار البيئية الخديئة، كسا ىؾ 

 (.3( والخخيظة رقؼ )1مؾضح في الججوؿ رقؼ )
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قات السائية. يتغيخ ىحا الحجؼ " مدتؾػ السياه الجؾفية : يذيخ إلى القعخ الحؼ تشذأ فيو السياه أسفل سظح الأرض بيؽ الظب
نتيجة لعؾامل طبيعية مثل ىظؾؿ الأمظار ، فزلًا عؽ الأجتياد البذخؼ مثل إستخخاج السياه الكثيخة وإعتساد الأراضي. 

 يعتبخ ىحا السدتؾػ مجيؾداً رئيدياً عمى ىيئة غدارة السؾارد السائية في السشظقة.

مخاوؼ بيئية بذكل عاـ ، حيث تستج السمؾثات بيؽ الظبقات السائية، مسا يؤثخ  واف إنعجاـ السياه الجؾفية يسكؽ أف تقؾد إلى
 عمى مياه الذخب والشغؼ البيئية. لحلػ، تمعب السخاقبة والإدارة الدميسة أمخيؽ ميسيؽ لمقزاء عمى التمؾث.

تعيؽ التأثيخ البيئي  % مؽ6.12(، وقج شكمت مقاييذ مدتؾػ السياه الجؾفية حؾالي Ali SA et al., 2021وفقًا لػ )  
 ( ، مسا يديؼ دورىا في إدارة السؾارد السدتجامة، 3( والخخيظة رقؼ )1كسا ىؾ مؾضح في الججوؿ رقؼ )

" الارتفاع : يذيخ إلى إنتراب السؾقع عؽ مدتؾػ سظح البحخ، وىؾ يعج مؽ العؾامل البارزة في تعيؽ مؾقع الظسخ. يسكؽ 
سختفعة إلى تحجيات مثل إفخاط التأثيخ البيئي،مذكمة إدارة الشفايات، وزيادة مدتؾيات أف تؾاجو السؾاقع ذات الإنترابات ال

إيخادات البشية التحتية. مؽ الستبايؽ تفزل السؾاقع ذات الإنترابات القميمة, نغخًا لإستقخارىا وسيؾلة الؾصؾؿ إلييا. اما 
(. Abushammala MFM et al., 2022جيجاً ،وفقاً لػ )بالشدبة لإدارة الشفايات في الارتفاعات العالية قج تكؾف أكثخ تذ

%، ، مسا يؾضح أىسية إختيار السؾاقع 5.81تداعج العؾامل السختبظة باللإرتفاع في قمة كفاءة إدارة الشفايات بشدبة 
 السلائسة لمسجافؽ.

 تعج خسدة مؽ الستغيخات ضسؽ القخػ عؾامل مدتقخة لا تذكل عشاصخ جحب رئيدية وىي: 

(Electrical Power Lines, Streams network, Airport & Military Base, Wells  ,( village وكسا ،
(, لكشيا تُديؼ في تحجيج الحجود التي يشبغي عجـ تجاوزىا، مسا يُعدز مؽ إمكانية قبؾليا ضسؽ 1مؾضح في الججوؿ رقؼ )

 التختيب العاـ لمسؾاقع .
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 سجروسة ضسؽ مشظقة طسخ الشفايات التابعة لقزاء تمعفخ( تؾضح خخيظة الذكل الستغيخات ال2الذكل )
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 ( تؾضح خخيظة الستغيخات السجروسة ضسؽ مشظقة طسخ الشفايات التابعة لقزاء تمعفخ3الذكل )
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 ( قيؼ معامل الاتداؽ لمستغيخات السجروسة في مشظقة طسخ الشفايات 2يؾضح الججوؿ )

 

 

(، حيث يُدتخجـ لتقييؼ مجػ اتداؽ السقارنات AHP( عشرخًا أساسياً في عسمية التحميل اليخمي )CRيعج معامل الإتداؽ )
ومشظكية الأحكاـ التي يرجرىا صشاع القخار، مسا الدوجية في عسمية صشع القخار. كسا يداعج في تحجيج مجػ مؾثؾقية 

 يديؼ في ضساف دقة ومؾضؾعية الشتائج.

 ( باستخجاـ الريغة التالية:CRيتؼ حداب معامل الإتداؽ )

CR = frac {CI}/{RI}                                                                                                              

 ( عمى الشحؾ التالي:CIفي حيؽ يتؼ حداب مؤشخ الإتداؽ)

CI = frac {λ_max} / {n - 1}                                                                                                         

{λ _max} ىي الكيسة الحاتية الأساسية لسرفؾفة السقارنة 

{n_1} ىؾ عجد السعاييخ او البجائل التي تتؼ معالجتيا 

N Variables 

Re
sid

en
tia

l A
rea

s 

La
nd

co
ve

r/L
an

d u
se

 

Wi
nd

 D
ire

cti
on

 

So
il 

Slo
pe

 

Ro
ad

s n
etw

or
k 

Gr
ou

nd
wa

ter
 le

ve
l 

Ele
va

tio
n 

Re
lat

ive
 Im

po
rta

nc
e 

1 Residential Areas 1      1 2 2 2 2 3 4 21.54% 

2 Landcover/Land use 1      1      2 2 2 2 2 3 19.01% 

3 Wind Direction  1/2   1/2  1      1 2 2 2 2 13.94% 

4 Soil  1/2   1/2  1      1      1 2 2 2 12.67% 

5 Slope  1/2   1/2   1/2  1      1      1 2 2 10.77% 

6 Roads network  1/2   1/2   1/2   1/2  1      1      2 2 10.14% 

7 Groundwater level  1/3   1/2   1/2   1/2   1/2   1/2  1      1 6.12% 

8 Elevation  1/4   1/3   1/2   1/2   1/2   1/2  1      1      5.81% 
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{{RI   مؤشخ العذؾائية : ىؾ قيسة معيارية تعتسج عمى عجد السعاييخ، تُدتخجـ في تحميلAHP  لسقارنة مؤشخ الاتداؽ
 ع الاتداؽ الستؾقع عذؾائياً، بيجؼ تقييؼ مجػ مشظكية السقارنات الدوجية.السحدؾب م

 اؼ اف  

CR < 0.1 

 ( خخيظة إعادة ترشيف البيانات حدب السعاييخ السحجدة والتابعة لقزاء تمعفخ4الذكل )

 

 



44 
 

 بشاء السهديل

كسا أنو آلية ميسةٌ لتؾضيح تدمدل العسميات بشاء الشسؾذج وسيمة ميسةً لإجخاء السعالجة السكانية لتؾليج الخخائط تمقائياً. 
السدتعسمة في الجراسة.  وقج يسكؽ تقديؼ خظؾات البشاء الشسؾذجي إلى ثلاثة مخاحل، تذسل السخحمة الأولى إعجاد الخخائط 

 ( الحؼ أنذئت مشو خخيظةDEMالأساسية، والتي شسمت طبقات الغظاء الأرضي وخخيظة التخبة ونسؾذج الارتفاع الخقسي )
السشحجر والتزاريذ ومدارات الشقل  وشبكة الظاقة الكيخبائية  والسشاطق الدكشية  وخخيظة اتجاه الخياح ومشدؾب السياه 
الجؾفية. ومؽ ىحه الخخائط ، أنذئت الستغيخات الخئيدية في تحجيج مؾقع مكب الشفايات. أما السخحمة الثانية، فقج شسمت 

داة إعادة الترشيف الإقميجية والسدافة، وذلػ وفقاً لظبيعة البيانات مؽ حيث كؾنيا إعادة ترشيف فئات الخخائط بإستخجاـ أ
مترمة أو مشفرمة. أما الخظؾة الثالثة والأخيخة، فكانت تظبيق أداة جبخ الخخائط عمى الستغيخات السخجحة وفقًا لإوزانيا 

 (.5في السشظقة، كسا مؾضح في الذكل )الشدبية، مسا أدػ إلى استشباط خخيظة ملاءمة لتحجيج أفزل مؾاقع الظسخ 

 ( بشاء السؾديل5الذكل )

يؾضح الذكل خظؾات بشاء السؾديل لتحميل وتقييؼ مشظقة طسخ الشفايات باستخجاـ الستغيخات البيئية والجغخافية السجروسة 
 لقزاء تمعفخ
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لشيائي لسكب الشفايات. صُسست ىحه في السخحمة الأخيخة، تؼ الاعتساد عمى خخيظة درجات السلاءمة لتحجيج السؾقع ا   
( بيجؼ تحميل واختيار السؾقع الأمثل، وذلػ مؽ خلاؿ دمج مجسؾعة GISالخخيظة باستخجاـ نغؼ السعمؾمات الجغخافية )

متشؾعة مؽ البيانات البيئية واليشجسية، مثل الغظاء الأرضي و التزاريذ وشبكة الظخؽ واتجاه الخياح  ونؾعية التخبة. 
لشيج إلى دعؼ عسمية اتخاذ القخار بذكل مشيجي، مسا يزسؽ اختيار مؾقع مدتجاـ بيئيًا واقتراديًا، مع تقميل ييجؼ ىحا ا

 التأثيخات الدمبية عمى البيئة والسجتسع وتحقيق أعمى مدتؾيات الكفاءة والسلاءمة.

 

 ( خخيظة درجة السلائسة لقزاء تمعفخ6الذكل )
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 السحتسمة( متغيخات السؾاقع 3الججوؿ )

يُعخض في الججوؿ الخرائص البيئية واليشجسية لمسؾاقع السحتسمة لسكب الشفايات، لتقييؼ ملاءمة كل مؾقع بشاءً عمى 
 السعاييخ السحجدة

 

يداىؼ تحميل ندب السداحة وتحجيج مؾاقع الشفايات الرمبة باستخجاـ الإحجاثيات الجغخافية في تحديؽ التخظيط والإدارة 
والبيئية. عشج تقييؼ السدتجامة لمسؾاقع، مسا يقمل التأثيخ البيئي ويعدز كفاءة عسميات الظسخ الرحي وفقًا لمسعاييخ الجغخافية 

مؾاقع الظسخ، يتؼ ترشيف السداحة الكمية إلى ندب محجدة لتقييؼ كفاءة الإدارة. تؼ تحجيج الإحجاثيات باستخجاـ خظؾط 
الظؾؿ والعخض لتحديؽ دقة التحميل الجغخافي مؽ خلاؿ تخريص السداحات السشاسبة، كسا ىؾ مؾضح في الججوؿ رقؼ 

(3.) 

 الإستشتاجات

( GISالبحث، تؼ تحجيج السؾقع الأمثل لإنذاء مكب الشفايات في قزاء تمعفخ باستخجاـ نغؼ السعمؾمات الجغخافية )في ىحا 
( بيجؼ تظؾيخ بجائل فعّالة لإدارة الشفايات الرمبة. اعتسجت الجراسة MCDMوتقشيات تحميل اتخاذ القخار متعجد السعاييخ )

لظبؾغخافية، بالإضافة إلى خخائط شبكة الظخؽ ونؾعية التخبة، حيث تؼ دمج في تحميل ورسؼ الخخائط السكانية وا GISعمى 
 ىحه السعمؾمات لاستخخاج الخخائط الأساسية التي تُداىؼ في اختيار السؾقع الأمثل لمسكب.

ييخ ( لتقييؼ السؾاقع بشاءً عمى مجسؾعة مؽ السعاSuitability Mapsكسا شسمت الجراسة استخجاـ خخائط درجات السلاءمة )
 البيئية والجغخافية والاجتساعية، بيجؼ تحجيج السؾقع الشيائي السشاسب لجفؽ الشفايات.

 أعيخت نتائج التحميل أف السداحات السخررة لكل مخحمة مؽ البحث جاءت كسا يمي:

 .²ـ 2838877.50السخحمة الأولى: بسداحة 

 .²ـ 262321.26السخحمة الثانية: بسداحة 

 .²ـ 143834.04ة السخحمة الثالثة: بسداح

أعيخت الشتائج وجؾد تبايؽ واضح في السداحات الشاتجة عؽ اختلاؼ تؾزيع السؾاقع الجغخافية استشاداً إلى إحجاثيات الظؾؿ 
والعخض، مسا يعكذ تأثيخ السؾقع السكاني في تحجيج مجػ ملاءمتو لتخظيط مشذآت إدارة الشفايات الرمبة. وتُعج ىحه 

Location Area_m2 longitude latitude 
        1 2838877.50 42.52354 36 35324 
        2 262321.26 42.38533 36. 41095 

         3 
 

143834.04 42.445522 36 43362 
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عاملًا حاسساً في دعؼ اتخاذ قخارات مجروسة، تيجؼ إلى تحديؽ كفاءة التؾزيع السكاني  spatial variationsالفخوقات 
( والخخيظة 3لسخافق الشفايات  وتقميل التكاليف التذغيمية  والحج مؽ الآثار البيئية الدمبية.  وكسا مؾضح في الججوؿ رقؼ )

 (.6رقؼ )
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Abstract 

   Plant resources are receiving increasing attention worldwide as a kind of renewable resources 

with low cost and widely available, the preparation of activated carbon from these materials at low 

cost from various natural raw materials has become a necessity now and in the future. This review 

discussed different methods for obtaining activated carbon from different plant materials using 

different activation methods and activation agents (chemical and physical). The results of the 

review showed that the types of activated carbon obtained have large surface area and greater 

adsorption capacity. The use of low-cost and widely available raw materials for the production of 

activated carbon is the main objective of this study such as (corn cob, rice straw, peanut shell, oil 

stones, and ficus leaves). It was found that chemical activation can develop both microporosity and 

surface area. The best raw material used is peanut shell, which can then be used in the field of 

environmental pollution (dyes, pesticides, heavy metal ions, phenolic compounds and other organic 

and inorganic pollutants). It was found that the adsorption process using activated carbon is a 

method that can be applied to remove various pollutants. 
  

Keywords: Activated carbon, Carbonization, Activation, Environmental pollutants, Adsorption. 

 

 الكاربهن السشذط السحزر من مرادر نباتية مختمفة: مراجعة
 سيساء ابراهيم خميل

 ير، كمية هشدسة الشفط والتعدين، جامعة السهصل، السهصل، العراققدم هشدسة الشفط والتكر 

 5/2/2025,  تاريخ القبػؿ 8/1/2025, تاريخ السخاجعة 31/10/2024تاريخ الإستلاـ 

 السمخص

 ,ل كبيخباىتساـ متدايج في جسيع انحاء العالع لإنيا نػع مغ السػارد الستججدة مشخفزة التكمفة ومتػفخة بذك الشباتية سػاردتحطى ال
الكاربػف السشذط مغ ىحه السػاد بتكمفة مشخفزة مغ مختمف السػاد الخاـ الصبيعية اصبح ضخورة الآف وفي السدتقبل.  وتحزيخ

ناقذت ىحه السخاجعة شخقًا مختمفة لمحرػؿ عمى الكاربػف السشذط مغ مػاد نباتية مختمفة باستخجاـ شخؽ تشذيط وعػامل تشذيط 
تمفة. وأضيخت نتائج السخاجعة أف أنػاع الكاربػف السشذط التي تع الحرػؿ عمييا ذو مداحة سصح كبيخة مخ )كيسيائية وفيديائية(

أكبخ. إف استخجاـ السػاد الخاـ مشخفزة التكمفة والستػفخة عمى نصاؽ واسع لإنتاج الكاربػف السشذط ىػ اليجؼ الخئيدي  دازوقجرة امت

 Journal of Rafidain Environment, Vol. 3, No.2, pp 1-23 , 2025 
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خ الفػؿ الدػداني، أحجار الديت، أوراؽ المبخ( ووجج أف التشذيط الكيسيائي يسكغ أف ليحه الجراسة مثل )كػز الحرة، قر الأرز، قذ
يصػر كل مغ السدامية الجقيقة والسداحة الدصحية وافزل مادة اولية مدتخجمة ىي قذخ الفػؿ الدػداني، والحي يسكغ استخجامو 

السعادف الثقيمة والسخكبات الفيشػلية وغيخىا مغ السمػثات بعج ذلظ في مجاؿ التمػث البيئي )الأصباغ والسبيجات الحذخية وأيػنات 
العزػية وغيخ العزػية(. وقج وجج أف عسمية الامتداز باستخجاـ الكاربػف السشذط ىي شخيقة يسكغ تصبيقيا لإزالة السمػثات 

 السختمفة.

 ز.ربػف السشذط، الكخبشة، التشذيط، السمػثات البيئية، الامتدااالك الكمسات السفتاحية:
Introduction  

  Activated carbon (AC) is a group of porous carbons that are physically or chemically activated to 

prepare materials with a large pore size and a large internal surface area. For this reason, it is used 

to treat various pollutants as it is an excellent absorbent (Salman et al., 2022). Activated carbon can 

be found in many forms: granular, powdered, and fibrous(Ahmad & Azam, 2019). Activated carbon 

was initially used in ancient Egypt, where the Egyptians used it for water purification and medical 

purposes (Tadda et al., 2016). The specifications of the resulting activated carbon in terms of the 

large surface area, which may reach a value of 3000 m
2
/g, and the high degree of surface interaction 

are the main reason for the ability of activated carbon to remove organic and inorganic pollutants, 

whether liquid or gaseous (Acevedo et al., 2020). AC is also known as a carbon substance 

characterized by an amorphous structure, which consists mainly of carbon elements. Because of its 

electronic configuration (1s
2
, 2s

2
, 2p

2
) carbon has unique bonding capabilities with other elements 

as well as with itself. The three most likely bonds are cubic diamond, hexagonal graphite, and 

fullerene (C60). 

Activated carbon is classified as graphite carbon due to its low density and porous structure. The 

presence of heterogeneous atoms for example nitrogen, oxygen, hydrogen, sulfur, and phosphorus 

on its surface to estimated its chemical characteristics, as these atoms and delocalized electrons 

form good functional groups during activation of AC, which classifies it as acidic or basic 

(Shafeeyan et al., 2010). 

 These functional groups affect the rate of adsorption, as activated carbon has two forms. The first 

type, H, is naturally characterized by positive charges and has a hydrophobic nature. The second 

type, L, is acidic, negatively charged, and hydrophilic (Yahya et al., 2018). Adsorption properties of 

AC encourage researchers to use it in many fields. This is due to its simple design, easy operation, 

high selectivity towards certain materials, and its ability to completely eliminate pollutants even in 

the case of dilute solutions. It has led to increased strive to find permanent and preventive 

alternatives to protect and preserve the environment. Biomass residue resulting from food, wood, 

and other resources such as agricultural waste has increased interest in this field, and the 

manufacture of activated carbon from natural material waste can enhance economic returns and 

reduce pollution (Boopathy et al., 2013). 

In this review, many different methods for preparing activated carbon using various natural plant 

materials with low cost were discussed to produce activated carbon using carbonation methods, 

activation methods and different activation agents and to clarify the possibility of using them in 

removing different types of pollutants as we have a variety of applications such as purifying 

drinking water, purifying air and gas, treating wastewater and the medical field by taking advantage 

of this waste as well as reducing spending on waste recycling processes to reduce environmental 

pollution in order to achieve the sustainable development goals that all researchers from around the 

world seek to achieve. 
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Literature Review 

  There are many plant materials used and methods used in preparing activated carbon which are: 

  Sujitha & Ravindhranath, 2016 used barks of ficus racemose to prepare activated carbon (particle 

size = 75µm) by carbonization in an electric furnace. It was used to remove coomassie brilliant 

(C43H44N3NaO7S2) blue dye with molecular weight (825.97g/mol) with 100% effectiveness, pH = 

2-4, it have a big surface area, and good adsorption capacity. Md Arshad et al., 2016 prepared 

activated carbon from oil palm empty fruit bunch (EFB) by tearing these fibers, then dried it in an 

oven and treated with H3PO4. Then carbonization and activation were carried out at temperature  

(100°C) for three hours, and a product with surface area (142 m
2
/g) was obtained. And use catalyst 

support while Ooi et al., 2017 were able to prepare it by treating it with concentrated H2SO4 in ratio 

[1:1.5] at temperature (400)°C for 60 minutes, then activating it with CO2, N2 gases, then heating it 

to 900°C under CO2, N2 for an hour, then cooling it to room temperature. Use this product as an 

effective absorbent to remove urea. 

 Kan et al., 2017 were able to use waste tea to prepare activated carbon by treating it with H3PO4 at 

ratio [1:1.5] temperature (450°C) for a time of one hour. It was found that surface area of product 

was (880m
2
/g). And it was used to remove qxytetracycline. Tharaneedhar et al., 2017 were able to 

produce activated carbon from cornob via microwave-assisted pyrolysis, and the adsorption 

capacity was (82.8mg/g) for methylene blue dye from its aqueous solution. 

  Ahsaine et al., 2018 prepared activated carbon from almond shell based on chemical activation 

with KOH at a ratio of [1:2]. It was noted that the product had a high adsorption capacity for 

methylene blue dye and crystal violet on the Zr3O/activated compound, and its kinetic models were 

studied. Misran et al., 2018 prepared activated carbon from banana stem waste by chemical 

activation with H3PO4 acid. A removal efficiency of more than 99% was observed at room 

temperature over a period of 90 minutes. The weight was 0.2g and used to absorb methylene blue 

dye. Kar et al. in 2019 prepared AC from the wood of acacia auriculeaformis using the chemical 

activation method and by changing the chemical agent (NaCl, NaOH, H3PO4). The physicochemical 

analysis indicated that the prepared activated carbon samples worked efficiently (6.60%, 26.25%, 

41.81%) and the ash content low (6.60, 14.90, 5%) and iodine values ranged between (380.71-

190.35mg/g). Which indicates the good quality of the prepared activated carbon boehm's test was 

used to detect the functional groups of the prepared samples. It was found that the best prepared 

model was the one with H3PO4 because of its good surface area and good pore size compared to 

those found in the literature. And use as an absorbent material to treat liquid waste.  

 Khellouf et al., 2019 prepared activated carbon from the cyores cones plant by chemical activation 

with H3PO4 acid in two steps, including activation, carbonization, and an impregnation ratio of [1:1] 

for 5 hours, and carbonation at (873 K) for 4 hours. The product was selected by batch adsorption of 

methylene blue dye from its aqueous solutions. With an efficiency reaching 97.29%, It has proven 

its efficiency in treating polluted water coming from the textile industry. 

   Khadhri et al., 2019 were able to prepare AC from date palm petiole by chemical activation with 

NaOH at a ratio of [1:2] in two steps, the first being carbonization at temperature (600)°C for two 

hours, the second step, activated at temperature (600)°C for two hours. The surface area of the 

prepared activated carbon was estimated at approximately (655m
2
/g) and was used to adsorb indigo 

carmine with good efficiency. Wang et al., 2020 used waste tangerine seed to prepare activated 

carbon by chemical activation with H3PO4 at a ratio of [1:2.5] at an activation temperature of 600°C 

for 4 hours in an inert atmosphere. The results showed that the surface area of the prepared carbon 

amounted to (660 m
2
/g). ) and used in adsorption of carbamate from the water plant. 

 Queiroz et al., 2020 studied the possibility of producing activated carbon from tailings acai seed 

through chemical activation with KOH at a ratio of [1:5] and in two steps. The first step includes 

carbonization at temperature (600)°C for one hr., and at (850)°C for one hour in a nitrogen 

atmosphere. The results showed that the surface area amounted (2774 m
2
/g), and the prepared 

activated carbon was characterized by high adsorption properties, which enabled it to be used in the 

adsorption of Fe(II), Lead(II), and Mg(II) from contaminated water. 
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 Najmi et al., 2020 prepared activated carbon from glycyrrhiza glabra residue through chemical 

activation using ZnCl2 in a ratio of [1:2] at the optimum carbonation temperature, and the 

impregnation rate reached (959.22 m
2
/g) and studied the possibility of using the product in 

adsorption nitrate, phosphates from contaminated water. Abate et al., 2020 were able to prepare 

activated carbon from catha edulis stem by carbonizing it in an electric furnace for two hours at 

(400°C) in the absence of air. After that, chemical activation was carried out with NaOH at a ratio 

of [1:5] for an hour, and some measurements were made and the analysis showed the approximate 

estimate is that the resulting adsorbent contains a very high percentage of carbon (83.65%) and its 

surface area was estimated at (1735 m
2
/g). The efficiency of its adsorption of malachite green dye 

from its aqueous solution (98.8%) was studied. 

 Guo et al., 2020 prepared activated carbon from waste sugarcane bagasse through physical 

activation in the presence of air. The process was carried out in two steps: the first was 

carbonization at temperature (750°C) for an hour in a nitrogen atmosphere, and the second step was 

physical activation at temperature (850°C) for two hours with flow CO2 and air. The results 

explained that surface area of model (622 m
2
/g) that used for CO2 adsorption. 

Ahmad et al., 2021 prepared activated carbon from agricultural waste by chemical activation with 

K2CO3 and with the help of microwave. The produced activated carbon was characterized using 

(SEM and FTIR). The results showed that the adsorption capacity of carbon produced from tobacco 

stems was (517.5 mg/g) yield was (80.99%), and total pore volume corresponded to (2557 m
2
/g) 

and (1.647 cm
3
/g) respectively, with a microwave power of (700 W) and an irradiation time (30 

min). 

  Budianto et al., 2021 were able to manufacture activated carbon from empty palm oil bunvhes 

waste through multiple activation processes: physical and chemical. Carbonization was performed 

at (400°C) for 4 hrs. with flow of nitrogen gas. Physical activation was performed by heating for an 

hour at temperature (700°C), it was found that the best concentration of H3PO4 was 13%, which 

produced high-quality activated carbon with the following specifications: moisture content 3%, ash 

content 3.92%, surface area(272.9 m
2
/g), iodine number (945.47mg/g), and  volatile matter 3.92%. 

Genli et al., 2021 prepared carbon from chickpea stall using ZnCl2. Some factors were studied, for 

example impregnation rate, time and temperature.  Iodine number was determined (734mg/g) under 

conditions of impregnation time (24 hrs.). The temperature was (400°C) and time (45 min). It was 

characterized by SEM images of chickpea stalk, hydrochar and AC are given in Figure (1), and 

FTIR measurements shows in Figure (2). The surface area of the AC was (572 m
2
/g), and the 

methylene blue number was obtained as (105 mg/g).  

 

 

 
 

Figure 1: SEM images (a)Chickpea Stalk (b) Hydrochar (c) AC 
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Figure 2: Results of FTIR analysis 

 

  Campos et al., 2021 were able to prepare carbon from coffee parchment and spent coffee by means 

of Co-Calcination with CaCO3. Their absorbing efficiency in organic compounds was compared, 

and its productivity was 9.0%. SEM measurements confirmed that this preparation method 

improved the pore structure compared to the raw materials. The efficiency of coffee parchment in 

adsorption of carboxylic acids was comparable to activated carbon prepared from spent coffee, 

which in turn was higher in adsorption efficiency than commercial activated carbon.    Bilal et al., 

2021 prepared activated carbon from capparis decidua by activation at a temperature ranging 

between (700-500)
o
C. The heat treatment caused a significant change in shape and chemical 

composition of carbon, and it had a high adsorption capacity for lead (II) estimated at 719.42 mg/g. 

The interaction of lead with activated carbon was of a physical nature. 

 Kaminska et al., 2021 studied the possibility of producing activated carbon from sunflower husks, 

Coffee Grounds, and Orange Peels using KOH followed by a carbonization process at (800°C) in a 

N2 atmosphere. The prepared carbon materials were characterized by a surface area ranging from 

(15661366 m
2
/g), a pore volume ranging (0.6940.584 cm

3
/g). Diagnostic techniques (XRD, 

SEM, XRF, XPS) were demonstrated the prepared materials have an amorphous structure, have an 

irregular surface shape, and a high degree of purity with small amounts of inorganic materials. 

Therefore, they were used as catalysts for multiple industrial processes. 

  Neme et al., 2022 were able to prepare activated carbon from castor seed hull through chemical 

activation with H3PO4 at different impregnation rates (0.8-0.2), then it was heat treated at 900, 700, 

and 600°C for different times (120, 90, 60 minutes). The effect of the impregnation rate was 

studied. With H3PO4, activation time, and activation time on the production of activated carbon, it 

was found that the activated carbon yield increased with an increase in the percentage of 

impregnation with H3PO4 and reached a maximum of 78.86% with an impregnation rate of 0.8, an 

activation temperature of 700°C and an activation time of 60 minutes. The maximum surface area 

was obtained (785.38 m
2
/g). 

 Madani et al., 2022 from stipa tenacissima prepared activated carbon by chemical activation using 

H3PO4. The effect of activation temperature and impregnation rate on the structural and chemical 

surface properties of the prepared activated carbon was studied. The indicating results that 

temperatures activation (500,450)°C are the most suitable for producing activated carbon with an 

advanced porous structure. It was found that its surface area is (1503 m
2
/g) and pore size is (0.59 

cm
3
/g). The best ratio of phosphoric acid is [1:2]. The optimal adsorption capacity for this prepared 

activated carbon is (110 mg/g) for the drug atenol to be removed from its aqueous solution 

compared to the presented commercial activated carbon from darco company. 

 Worldlight et al., 2023 prepared activated carbon from groundnut shells (arachis hypoheae) by 

chemical activation using different ratios of H3PO4 [1:1 , 1:2 , 2:1]. Then carbonization was 

performed at temperatures of 400, 500, and 600 
o
C. Obtaining adsorption efficiency of prepared 

carbon (11.57mg/g) for Tartrazine from its aqueous solutions. It was also shown from the results 

that the adsorption technology using activated carbon on a large scale can be effective and less 

expensive to remove Tartrazine from wastewater. 
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  Castaneda-Olivera et al., 2023 were able to prepare activated carbon from prun persica and persea 

americana by exposing these materials to a temperature (800°C) for 30 min, then crushing and 

sifting them (800µm) to obtained particle homogeneity the coal was then treated with (1mL) 

phosphoric acid per gram of raw material at a temperature less than 500°C, then the it is purified 

with water and using specification ASTMC136-01, then the grain size, porosity, moisture content, 

and organic matter content of the prepared activated carbon samples are evaluated and used to 

remove arsenic with an efficiency rate of 95.37%, 96.94%. Lead removal was 95.52% and 97.19% 

due to its high porosity. This demonstrates the effectiveness of the prepared activated carbon in 

water treatment applications. 

Liang et al., 2024 studied plant-derived activated carbon for double-layer electrolytic capacitors. 

Plant-derived raw materials for active carbon are classified into four distinct groups: forest, 

agricultural residues, fruit peels, aquatic biomass, and plant particles. They described recent 

advances in the use of plant materials as raw materials for active carbon production, and the use of 

catalytic graphite techniques to enhance their electrochemical performance in double-layer 

electrolytic capacitors, and identified potential application prospects in double-layer electrolytic 

capacitors and future research directions for plant-derived active carbon. 

Mandal et al., 2024 were able to prepare activated carbon from agricultural waste materials (peanut 

shells (PSPA), betel nut fiber (AFPA)) and used phosphoric acid (H3PO4) at two different 

concentrations (20% and 40%) to prepare activated carbon. The results showed that all the prepared 

AC samples had high surface area ranging from (580-780) m
2
/g and porosity by Brunauer–Emmett–

Teller (BET) was measured as shown in the Table (1). The surface area of AC prepared from peanut 

shells was higher than that prepared from betel nut fiber. Prepared activated carbon samples were 

used for adsorption of amoxicillin, pharmaceuticals paracetamol and aspirin from their aqueous 

solution where (90%) of paracetamol was adsorbed within (5 min) of contact.   

 

 

Table 1: Porosity of AC and Specific surface  by BET analyses 
 

Adsorbent Specific surface area 

 (m
2
.g

-1
) 

Total pore 

 volume(cc.g
-1

) 

Average pore 

diameter(nm) 

PSPA-20 689 0.56 3.27 

PSPA-40 778 0.55 2.85 

AFPA-20 586 0.36 2.47 

AFPA-40 653 0.52 3.21 

 
 

Preparation of Activated Carbon 

  Activated carbon can generally be prepared from various plant sources, and these materials are 

rich in carbon. Carbonation processes (pyrolysis) and physical and chemical activation processes 

have been clearly used to produce activated carbon from plant sources, as activation agents increase 

the versatility of activated carbon in large range applications, for example acids, alkalis, metals, 

gases rich in oxygen (Yahya et al., 2015). 
 

Carbonization 

Carbonization means thermal decomposition and the removal of non-carbon species from raw 

materials (Shaheen et al., 2019). It can be defined as a process that leads to a decrease in the 

material’s content of volatile compounds to prepare coal, which is characterized by its high carbon 

content, by breaking the mutual bonds in the raw material. There are many factors that have a direct 

impact on this process, such as heating rate and temperature (Wang et al., 2020). 
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Here, grade of the raw material is raised from 300
o
C to 800

o
C, and thus three types of products can 

be obtained: a solid carbonized material, a liquid material, and a gaseous material with non-

condensable specifications. For example CO, CO2 , CH4 or H2 (Alonso et al., 2012). The 

carbonization process can be divided into four stages depending on temperature, Survival time, and 

speed of heating during carbonization for each stage, the components of the raw material (plants) 

are subject to reactions for example crosslinking, dehydration, fragmentation, rearrangement, 

depolymerization, repolymerization, condensation, carbonation (Quan et al., 2016). The slow 

carbonization process is carried out in conditions that include low heating equipment and a longer 

residence time, which leads to the production of products with compliant compositions show in 

Table (2). 

 

Table 2: Carbonation methods: types, conditions and products (Qambrani et al., 2017) 

 

Types 

Conditions Products 

Temp.  (
o
C) Re. time Carb 

(%wt) 

L 

(%wt) 

G 

(%wt) 

Slow 300-700 Hrs. or days 35 30 35 

Intermediate 500 10-20 20 50 30 

Fast 850-1250 0.5-10 12 75 13 

Flash 1050-1300 0.5 20 50 30 

Re. time: residue time, Carb: Carbonized, L: Liquid, G: Gas 

 

  Slow carbonization is one of the most widely used methods for obtaining activated carbon because 

it generates the largest amount of carbonized materials. For example, new methods can be used that 

use microwaves to generate hot spots in carbon molecules, which represents a promising way to 

obtain activated carbon. However, the carbon product obtained under (poor or zero) oxygen 

conditions has a lower surface effectiveness compared to activated carbon, to predict product 

properties and yield it is necessary to understand the effect of oxygen on the pyrolysis process of 

the raw material because of its great and beneficial effect on this process, as its presence leads to 

improving the quality of surface area, and increasing the total pore size of material (Zhang et al., 

2016, Shen et al., 2017). 

There is another classification of the carbonization process, which includes classifying it into four 

ranges of temperature: The first range (25-150)
o
C physical adsorption occurs about 12% of 

absorbed water with simple change in order, the second range (150-240)
 o

C dehydration of OH
-
, H

+
 

on the molecular scale, the third range (400-240)
 o

C leads to thermal rupture of glycosidic bond and 

the CO, CC bonds, the fourth stage (greater than 700)
o
C At these temperatures a structure similar 

to graphite with irregular layers is obtained (Chen et al., 2020).  
 

Activation 

  The basic properties of the carbon are determined during carburization and the next activation step 

must be designed to complement the carburization step. Due to the formation and condensation of 

hydrocarbons on the surface, carbon will have low porosity and surface area (Masoumi & Dalai, 

2020). The activation agent has a major role in developing the carbon’s pores on a wide and large 

scale through corrosion of its internal surfaces and leads to changing the shapes of the atoms on the 

surface to surface functional groups without reducing the mechanical strength (Dong et al., 2018). 

The process is carried out in two ways: physical or chemical activation to prepare activated carbon, 

and in some cases sometimes the two methods can be combined. 
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Physical Activation   

Physical activation, or what is called molecular gasification, takes place at high temperatures 

ranging from (1100-800)
o
C using oxidizing materials for example steam(Zhang et al., 2011), 

CO2(Zhu et al., 2012), air(Ould-Idriss et al., 2011), or a mixture of them. Cl
-
, sulfur vapors and 

ammonia are rarely used. The gasification process of carbonized material occurs through the use of 

steam, CO2, and oxygen through endothermic reactions, as shown in the following equations: 

 

i Steam 

              

CO + H2O  H2 + CO2 

C +2H2  CH4 

ii Carbon dioxide 

C +CO2  2CO 

iii Oxygen  

C + O2  CO2 

2C + O2  2CO 

To obtain products with desirable properties in terms of pore development, which plays a major role 

in the pore size distributions and activity level of carbon, this is done by manipulating the activation 

process, such as changing the temperature and rate of flows of steam and carbon dioxide (Ouyang et 

al., 2020). Table (3) shows the characteristics of some carbons produced by physical activation, 

Figure (3) shows the physical activation process. 

 

 

Figure 3: Physical activation process (Ganjoo et al., 2023) 

Table 3: Characterization of AC prepared by physical activation 

Raw materials Agent SBET(m
2
/g) Reference 

Oil palm shell CO2 905 (Herawan et al., 

2013 ) 

Cocoa shell CO2 558.25 (Ahmad et al., 2013) 

Oil palm empty fruit bunch Steam 718 (Kadir et al., 2014) 

Rubber wood sawdust CO2 465 (Mazlan et al., 2016) 

Waste tea Steam 995 (Zhou et al., 2018) 

Coconut shell CO2/Steam 610 (Chandana et al., 

2019) 

Rice straw Steam 243 (Yang et al., 2020) 
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Chemical Activation 

  There are a series of steps required before activation to achieve a sufficient and rapid production 

process. The raw material is washed with deionized water to ensure that it is free of dust and other 

impurities, then drying it at temperature ranging (65-105)
o
C, then grinding it to reduce the particle 

size (Surugau et al.,2019). 

The process of chemical activation is carried out in three steps: pumping, mixing, and permeation of 

the solution a dried chemical is used that is characterized by its ability to stimulate the 

decomposition of materials and increase its speed through pyrolysis to prevent the formation of 

volatile materials before the activation process. The activation factors used include: phosphoric 

acid, sodium hydroxide, sodium chloride, zinc chloride, and in some cases the raw material is 

carbonized in one step, then these materials are added, the treated coal is then heated in a nitrogen 

atmosphere. The requirements of temperature for chemical activation process between (800-400)
o
C, 

which is Lower than average temperature for physical activation process (Xin-hui et al., 2011). The 

activation process can be used in two sequential steps: the first is to treat the primary plant material 

with the activation factor, followed by heat treatment according to conditions listed in Table (4) 

(Hoseinzadeh-Hesas et al., 2013). 

 

 

Table 4: The models of chemical activation process 

conventional One-step  
Convention al 

Two-step 

Microwave  

Temp. or power  (400-1200) 
o
C (400-800) 

o
C (300-1000) w 

Heating & time (1-3) hrs. (400-1200) 
o
C 5-30 min 

Yield % (30-50)% (30-40)% (  40)% 

Corrosion  H H L 

Efficiency  L H H 

Flow process Continuous Batch Batch 
 

The Figure(4) shows the process of chemical activation (Ganjoo et al., 2023). 

 

Figure 4: Chemical activation process 

Table (5) shows the characterization of some carbon's prepared by chemical activation process. 

 

 

 

https://www.researchgate.net/profile/Noumie-Surugau?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
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Table 5: Characterization of activated carbons prepared by chemical activation 

Raw materials Agent SBET(mg/g) Reference 

Oil palm shell ZnCl2 1254 (Hoseinzadeh Hesas et 

al., 2013) 

Cocoa shells H3PO4 1077 (Pereira et al., 2014) 

Rubber seed shell KOH 620 (Pagketanang et al., 

2015) 

Kenaf stem H3PO4 1154 (Meryemoglu et al., 

2016) 

Coconut shell KOH 265 (Purnomo et al., 2018) 

Coconut spathe KOH 1705 (Prashanthakumar et al., 

2018) 

Rice husk NaOH 2786 (Zhang et al., 2020) 
 

 

Activated Carbon Applications 

  Its use is not limited to a specific aspect of the industry and daily life, but rather expands to 

include many fields because of its large surface area, high adsorption capacity, surface 

effectiveness, and microporous structure. Activated carbon is used in the treatment of drinking 

water and industrial water, and its main applications include removing odor, color, and other 

unwanted (inorganic, organic) impurities. in liquid phase applications approximately 80% of total 

activated carbon (granular and powdered) is consumed. while granular activated carbon is optimal 

choice in gas phase applications (Nawaz et al., 2019). 
 

Use of activated carbon to remove dyes 

  As a result of the harmful and carcinogenic effects on living organisms due to contamination of 

wastewater with dyes issued by the textile, printing, dyeing, cosmetics and paper industries, the 

disposal of these colored liquid wastes is a major environmental challenge, and in order to get rid of 

dyes and other pollutants, the absorption of activated carbon is very successful (Ahmad et al., 

2011). There are many examples of removing dye from polluted water using activated carbon, as 

shown in Table (6). 

 

Table 6 : Previous studies on activated carbon prepared from different plant materials used 

to remove dyes 

Raw  

materials 
Method 

Activation 

factor 
Dyes 

Adsorption 

capacity 

(mg/g) 

Ref. 

Castile nutshells Chemical H3PO4 
Methylene 

blue 
169.5 

(Bell-Hutle 

et al., 2010) 

Oak cups pulp Chemical 
ZnCl2 

H3PO4 

Basic Red18 

Acid Red111 

Methylene 

blue 

181.82 

40.48 

384.60 

(Timur et 

al., 2010) 

Pecan nut shells Chemical 
Calcium 

solution 
Acid blue25 48 

(Hernandez

-Montoya et 
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H3PO4 al., 2011) 

Posidonia 

oceanica(L) 

dead leaves 

Chemical ZnCl2 
Methylene 

blue 
285.7 

(Dural et 

al., 2011) 

Pineapple waste 

biomass 
Chemical ZnCl2 

Methylene 

blue 
288.34 

(Mahamad 

et al., 2015) 

Cocoa shell Physiochemical ZnCl2/FeCl3 

Reative 

Violet 5 

RV-5 

----- 
(Sellaoui et 

al., 2017) 

Coconut shell 

Hydrothermal 

Carbonization&

Chemical 

NaOH Methylene 200.01 
(Islam et 

al., 2017) 

Peanut shell Chemical FeCl3/MgCl2 
Malachite 

green(catioic) 
4031.96 

(Guo et 

al.,2020) 

 

Using activated carbon to remove pesticides 

  There are many materials used for the chemical preparation of pesticides and these products aim to 

prevent damage caused by pests. Such as herbicides, insecticides, fungicides, algaecides, 

antimicrobials, miticides, rodenticides, and viricides (Foo et al., 2010). This organic material is 

used based on its chemical and physical properties and method of application to kill target pests. 

The most commonly used pesticides in agriculture are organophosphorus pesticides (OPs) and are 

considered the main cause of cancer. The continuous and excessive use of pesticides leads to an 

impact on the environment and health due to their continuous nature (Chavoshani et al., 2020). 

Chemical, physical  processes were used to remove pesticides from contaminated water. Adsorption 

is the most widely used method. There are many examples of using activated carbon produced from 

various plant sources to remove pesticides, as shown in Table (7). 

 

Table 7 : Previous studies on activated carbon prepared from different plant materials used 

to remove pesticides 

Raw materials Method 
Activation 

factor 
Pesticides 

Adsorption  

capacity 

(mg/g) 

Ref. 

Corn cobs Physical Steam Bromopropylate 0.189 
(Ioannidou et 

al., 2010) 

Oil palm shell Chemical NaOH 4-Choroguaiacol 454.45 
(Hamad et al., 

2010) 

Oil palm 

frond 
Chemical KOH 

2,4-

dichlorophenoxyacetic 

acid 

352.89 
(Sulaiman et 

al., 2011) 

Coconut frond Chemical H3PO4 Carbofuran 80 
(Njoku et al., 

2014) 

Rice straw Chemical KOH Carbofuran 296.52 
(Chang et al., 

2014) 

Apricot kernel Physical Hot air Prothiofos 145.8  2.4 
(Abdelhameed 

et al., 2020) 

Waste 

tangerine seed 
Chemical H3PO4 Carbamate ---- 

(Wang et al., 

2020) 

Diospyros 

kaki fruit 
Chemical ZnCl2 

Atrazine herbicide 

ATZ 
194.20 

(Salomon et 

al., 2021) 
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Using activated carbon to remove heavy metals 

  The most important serious environmental problem is the contamination of water with heavy 

metals. The reason for this is due to their toxicity, accumulation, bio-magnification in the food 

chain, and their persistence for a long period, even at relatively low concentrations (Wojanarovits et 

al., 2010). Among the most dangerous metals that are commonly found in wastewater as a result of 

many industries are cadmium, chromium, and lead. And using activated carbon to remove these 

metals through adsorption is considered one of the most successful ways to achieve environmental 

standards, and Table (8) includes some of these plant materials used in preparing activated carbon. 

 

Table 8 : Previous studies on activated carbon prepared from different plant materials used 

to remove heavy metals 

Raw materials Method 
Activation 

factor 

Heavy 

metal 

Adsorption  

Capacity 

(mg/g) 

Ref. 

Cotton stalk Chemical H3PO4 Pb(II) 119 
(Li et al., 

2010) 

Peanut shell Chemical KOH Cr(VI) 16.26 

(AL-

Othman et 

al.,  2012) 

Corn style Chemical ---- Ce(III) 180.2 
(Varsihini et 

al.,  2014) 

Olive fruit 

stones 
Chemical H3PO4 Cd 24.83 

(Obregon-

Valencia & 

Sun-Kou, 

2014) 

Grapefruit 

peels 

Hydrothermal 

Carbonization 
KOH Cu(II) 48.22 

(Semercioz 

et al., 2017) 

Pistachio wood Chemical NH4NO3 Hg 190.2 
(Sajjadi et 

al., 2018) 

Limonia 

acidissima shell 
Chemical H3PO4 Fe(II) 48.13 

(Das et al., 

2020) 

Conconut shell Physical Cr2O3 Cr(VI) 45.2 
(Wang et 

al., 2020) 

 

Using activated carbon to remove phenolic compounds 

  The most common pollutants found in variety liquid wastes from disinfectant, plastics and 

gasoline industries are phenol and its derivatives (Timur et al., 2010). Phenol is considered one of 

the toxic pollutant compounds listed by the Environmental Protection Agency, so it must be 

removed from wastewater. By referring to the literature, we find several studies in this field, 

including shown in Table (9). 

 

Table 9 : Previous studies on activated carbon prepared from different plant materials used 

to remove phenolic compounds 

Raw materials Method 
Activating 

factor 
Pollutant 

Adsorption 

capacity 

(mg/g) 

Ref. 

Castile nutshell Chemical H3PO4 Phenol 53.2 
(Bell-Hutle 

et al.,  
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2010) 

Oak cups pulp Chemical 
H3PO4 

ZnCl2 
Phenol 75.19 

(Timur et 

al.,  2010) 

Almond shell Physical 
HNO3 

CO2 

Phenol 

P-nitrophenol 

76-139 

154-224 

(Mourao et 

al., 2011) 

Avocado kernel 

seeds 

Presa americana 

Chemical K2CO3 Phenol 0.215-0.134 
(Dejene et 

al., 2016) 

Olive-pit 

Date-pit 

 

Physical ----- Phenol 

4.39 

39.37 

 

(Gilani et 

al., 2019) 

Oil stoens Chemical ZnCl2 Phenol 635 
(Saleem et 

al.,  2019) 

Ficus Leaf(ACF) Chemical H2SO4 P-nitrophenol 0.6738 
(Mahdi et 

al., 2022) 

Acacia mangium 

wood 
Chemical H3PO4 Phenol 53.8 

(Alam et 

al., 2023) 

 

Using activated carbon to remove organic and inorganic pollutants  

  Organic & inorganic compounds such as vanadium, NO
-3

, fluorides, and SO4
-2

 are considered 

toxic substances when present in drinking water. Many countries, such as India and China, suffer 

from a major problem due to the presence of fluoride in drinking water in high concentrations.    

Therefore, there was a need to use activated carbon to remove these pollutants (Hernandez-Montoya 

et al., 2011). If the concentration is higher than 1.5mg/L, it may cause bone fluorosis in children. It 

has been shown through previous studies that there is a strong relationship between the fluoride ion 

and the ions of multivalent metals such as Zn
+3

, AL
+3

, it may interact with some divalent ions Ca
+2 

(Alagumuthu & Rajan, 2010). While recent studies have indicated that it is possible to remove 

fluoride from water using carbon prepared from egg shell wastes, pecan nut shells. The results 

showed that the presence of calcium chemical groups on the surface of the prepared activated 

carbon played an important role in the fluoride removal process (Hernandez-Montoya et al., 2012). 
 

Use of activated carbon in gas purification 

  Activated carbon is often used to purify gas, where hydrogen gas, sewage gas, carbon dioxide, 

hydrogen sulphide, siloxanes and other things are removed from the air using activated carbon 

compressed in certain filters, which are often placed in the middle of the filter and the purification 

process takes place in either one or two steps of filtration. These gases are absorbed and fixed in 

large layers of activated carbon due to their ability to quickly decompose into solid materials, thus 

completing the air purification process (Ganjoo et al., 2023). 

  

Using activated carbon in medical fields   

  World Health Organization has listed activated carbon produced from various materials as one of 

the effective medicines in treating cases of poisoning and overdose resulting from taking 

medications, except for cases of poisoning with cyanide, lithium, and iron. Taking into account the 

consumption of activated carbon under health care, it is also used in teeth whitening (Ganjoo et al., 

2023). 
 

 



14 
 

Conclusion 

  The wide applications for the production of activated carbon have led to a large demand for it in 

various industrial applications. For this reason, research has increased to find alternatives to replace 

commercial activated carbon, which is known for its high cost. In this review, it has been proven 

that natural plant materials can be used to produce activated carbon and its use in removing 

different types of pollutants by taking advantage of this waste. It is also possible to reduce spending 

on waste management and improve the country’s economy. Many processes have been used to 

activate carbon, chemical activation has proven successful compared to physical in terms of 

activation temperature, cost lower, short processing time, big surface area, high porosity, and higher 

carbon efficiency. This makes it an excellent adsorbent for many diverse pollutants, such as its use. 

In removing dyes, pesticides, heavy metals, and highly toxic phenolic compounds, and removing 

various organic and inorganic pollutants, in addition to using it in gas purification and various 

medical preparations. The most important thing for the adsorption process is choosing the 

appropriate starting material for its effective role in controlling the porous structure of the prepared 

carbon. 
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Abstract 

   Animal nutrition plays a crucial role in livestock productivity and health. This makes them 

susceptible to poisoning when animals eat quantities of food that contain high levels of nitrates 

because of excessive use or misuse of nitrogen fertilizers. This leads to the accumulation of nitrates 

in plants, in addition to polluting surface and groundwater and creating environmental risks. The 

research aimed to detect the percentage of nitrates in vegetables that are given to animal breeders in 

the markets of the city of Mosul, and to find the vegetables that have the largest percentage of 

nitrates. Nitrates were read using the instrument green test in vegetables (Tomato, onions, 

cucumbers, chard and eggplant) as I showed that the highest percentage of nitrates is located in the 

chard, which reached 3662.77mg/kg and the least in onions is 30mg/kg Which was measured within 

10 months. Nitrate concentrations in the measured samples of tomatoes, onions, and cucumbers 

were normal when compared with the values recorded by the World Health Organization. We found 

concentration of nitrates in onions was stable Compared with other measured vegetables. The 

results showed an increase in nitrate concentration levels above the permissible limit set by the 

World Health Organization, in chard and eggplant 3662.77mg/kg and 854.3mg/kg. respectively. 

From the above, it is clear that nitrates are dangerous in vegetables sold in Mosul markets and used 

to feed indoor animals. It also gives an indication of the danger to human health when consuming 

them. Which causes diseases such as colon cancer or death. 

Keywords: vegetables, Nitrates, animals, nitrites, poisoning. 

 قياس تراكيز الشترات في عدد من الخزراوات السباعة في أسهاق السهصل
 أشخؼ صجيق الياس

 قدع الرحة البيئية/كمية العمػـ البيئية/ جامعة السػصل
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 الخلاصة

سساً في إنتاجية الثخوة الحيػانية وصحتيا. مسا يجعميا عخضة لمتدسع عشجما تتشاوؿ الحيػانات تمعب التغحية الحيػانية دوراً حا   
كسيات مغ الصعاـ الحي يحتػي عمى ندبة عالية مغ الشتخات بدبب الاستخجاـ السفخط أو سػء استخجاـ الأسسجة الشيتخوجيشية. ويؤدي 

يث السياه الدصحية والجػفية وخمق مخاشخ بيئية. ىجؼ البحث إلى الكذف ذلظ إلى تخاكع الشتخات في الشباتات، بالإضافة إلى تمػ 
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عغ ندبة الشتخات في الخزار التي لا تباع وتعصى لسخبي الحيػانات في أسػاؽ مجيشة السػصل، ,والكذف عغ الخزار التي 
لخزخوات )الصساشع والبرل في ا  Greentestتحتػي عمى الشدبة العالية مغ الشتخات. تست قخاءة الشتخات باستخجاـ جياز 

ممغع/كغع وأقميا في البرل  3662.77والخيار والدمق والباذنجاف( حيث تبيغ أف أعمى ندبة نتخات مػجػدة في الدمق والتي بمغت 
اشيخ. وكانت تخاكيد الشتخات في العيشات السقاسة مغ الصساشع والبرل والخيار  10ممغع/كغع. كمغ والتي تع قياسيا خلاؿ  30
ية بالسقارنة مع القيع السدجمة لجى مشطسة الرحة العالسية. وقج وججنا أف تخكيد الشتخات في البرل كاف مدتقخاً مقارنة ببقية شبيع

الخزخوات السقاسة. أضيخت الشتائج ارتفاع تخكيد الشتخات عغ الحج السدسػح بو مغ مشطسة الرحة العالسية في الدمق والباذنجاف 
ممجع/كجع. عمى التػالى. مسا سبق يتبيغ خصػرة مادة الشتخات في الخزار التي تباع في أسػاؽ  854.3ممجع/كجع و 3662.77

السػصل وتدتخجـ لتغحية الحيػانات الجاخمية. كسا أنيا تعصي إشارة إلى مجى خصػرة تشاوليا عمى صحة الإنداف. مسا يدبب 
 أمخاض مثل سخشاف القػلػف أو الػفاة.

 ات، الشتخات، الحيػانات، الشتخيت، التدسع.الخزخو الكمسات السفتاحية: 

INTRODUCTION 

Today, the role of nitrogen fertilizers in agriculture is increasing due to the increased demand for 

growth, performance and quality of products to achieve more productivity, and this leads to 

excessive use or misuse of nitrogen fertilizers. This leads to the accumulation of nitrates in plants, 

in addition to polluting surface and groundwater and creating environmental risks. Accumulation of 

nitrates in plants causes various diseases in humans as well as animals, such as methemoglobinemia 

as well as cancer of the digestive system in humans, through the ability of nitrates to interact with 

amino acids in the body of living organisms and convert them into nitrosamines that cause cancer. 

(Noorafkan et al., 2008; Raghimi et al., 2008; Pirsaheb et al., 2012) This is done by eating 

particularly leafy vegetables such as lettuce and spinach leaves, which contain high concentrations 

of nitrates. The accumulation of nitrates and nitrites is harmful, based on research and studies, and 

the reason is that the effect of chemical fertilizers accumulated in the soil and which accumulate in 

agricultural products is not immediately detected (Serpell., 2012). 

Nitrates enter irrigation water in various ways through soil contaminated with high 

concentrations of nitrate fertilizers, and from it to foods, especially vegetables, through 

contaminated water, as well as fruits, dairy products, and grains, through which nitrates and nitrites 

enter the human body. 

Nitrite poisoning occurs when eating feed that contains high concentrations of nitrates like silage 

or eating large quantities of feed vegetables provided by the breeder to the animal after collecting 

them from markets selling agricultural products and then converting nitrate to nitrite by the action 

of rumen normal flora (Cockburn et al., 2013; Al-Saffawi., 2020; AN et al., 2023; Khalil et al., 

2023). It is one of the foods that spoil easily if its sale or marketing is delayed. Animals are also fed 

with fresh green fodder from the fields in spring and fall, especially those that sprout after the first 

rain. One of these plants is Portulaca oleracea (Simões et al., 2018), which is dangerous to animals 

and causes confusing symptoms for breeders, especially in cows, as it gives a form similar to milk 

fever but does not respond to calcium (Brender., 2020). Here is a distinctive sign, which is a loud 

heart sound compared to a weak heartbeat milk fever condition. Nitrate concentration of 0.5% is 

considered hazard and severe toxicity appeared if the amount of nitrate is more than 1% (Puschner., 

2000). When the normal flora fails to reduce nitrite by converting it to ammonia the potential to as 

well as reduced capacity to detoxify Methemoglobinemia (MetHb) back to haemoglobin (Hb) due 

to the important clinical signs of poisoning by nitrites are cyanotic, bloat, diarrhoea, loss of appetite, 
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drowsiness, weakness of the limbs, tachypnea and tachycardia and recumbence followed by death 

within days (Thornton and Abrahams.,1983; Simões et al., 2018; Al-Quwaie et al., 2023). Humans 

cause the accumulation of nitrates in plants, as well as polluting surface water and then penetrating 

groundwater, causing environmental risks (AbuElHassan et al., 2022; hazim sabry., 2022; Al-

Hussein et al., 2023). Accumulation of nitrates in plants causes various diseases in humans, such as 

gastrointestinal cancer in adults and causes methemoglobinemia in adults and children (Dezfouli 

and Abdollahi 2009; Afali and Elahi., 2014; Al-Bhar and Al-Saffawi., 2021). Therefore, the 

research focused on detecting types of vegetables that contain high concentrations of nitrates to 

protect the consumer by protecting animals that feed on feed tazken mainly from local markets, 

where large amounts are disposed of, causing poisoning of animals and thus transferring these high 

concentrations. Via milk and meat to humans. 

 

MATERIALS AND METHODS 

Samples of vegetables (Tomato, onions, cucumbers, chard and eggplant) were collected, and 

their total number reached 750 Of every type of vegetable sample was distributed among 150 each 

type of vegetables from the markets of the city of Mosul for the period from 10/1/2022 to 31/7/2023 

after randomly collecting a sample. It was measured after purchase using the green test. Zhejiang, 

China device. 

 

Figure 1. The figure above represents the device (Greentest) and its specifications used to conduct 

the research 

 

RESULTS 

Table 1. shows the values measured with the green test device in milligrams/kg for each of the 

vegetables (tomatoes, cucumbers, and Swiss chard), where the highest value in chard was 3662.77 

mg/kg and the lowest in tomatoes was 51 mg/kg. 

Chard Eggplant Cucumbers Onions Tomato  N 

150 150 150 150 150 Number of samples 1 

100 150 30 30 30 Min 2 

7600 1030 320 30 140 Max 3 
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549416 128145 17110 4500 7650 Sum 4 

*3662.77 854.3 114.067 30 51 Mean 5 

164.862 18.7238 5.7635 0 2.0067 Std.error 6 

4.07692E06 52587 4982.7 0 604.027 Variance 7 

2019.14 229.319 70.5882 0 24.577 Stand. dev 8 

4100 910 95 30 50 Median 9 

*The highest- measured value of nitrate concentration appears in chard. 

 

 

Figure 1. shows the average values of nitrate concentration in the measured vegetables 

 

Table 2. shows the values measured with the green test device in milligrams/kg for tomatoes over 

ten months. The highest value of nitrate concentration in tomato plants was 63 mg/kg, and the 

lowest in tomatoes was 34 mg/kg. 

7 6 5 4 3 2 1 12 11 10 Months N 

15 15 15 15 15 15 15 15 15 15 Number of samples 1.  

510 570 640 840 950 730 910 950 670 880 Sum 2.  

34 38 43 56 63*  49 61 63*  45 59 Mean 3.  

 *The highest- value of nitrate concentration that measured in tomatoes appears within ten months. 
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Figure 2. shows the nitrate values that measured in tomatoes, milligrams/kg, during ten months 

 

Table 3. shows the values measured with the green test device in mg/kg for Onions over ten 

months, where we show Consistency in values of nitrate concentration in the Onion was 450 mg/kg, 

7 6 5 4 3 2 1 12 11 10 Months N 

15 15 15 15 15 15 15 15 15 15 Number of samples 1 

450 450 450 450 450 450 450 450 450 450 Sum 2 

30 30 30 30 30 30 30 30 30 30 Mean 3 

 

 

Figure 3. shows the nitrate values that measured in cucumbers (mg/kg) over ten months. 

 

 

 

Table 4. shows the values measured with the green test device in mg/kg for cucumbers over ten 

months, where the highest value of nitrate concentration in the cucumber plant was 290 mg/kg, and 

the lowest in tomatoes was 68 mg/kg. 

7 6 5 4 3 2 1 12 11 10 Months N 
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15 15 15 15 15 15 15 15 15 15 Number of samples 1.  

1850 1020 1560 2090 2220 2050 1680 1040 1610 4356 Sum 2.  

123 68 104 139 148 137 112 69 107 290* Mean 3.  

 *The highest- measured value of nitrate concentration in cucumber appears within ten months. 

 

 

Figure 4. shows the nitrate values measured in cucumbers (mg/kg) over ten months. 

 

Table 5. shows the values measured with the Greentest device in milligrams/kg for chard over ten 

months. The highest value of nitrate concentration in Swiss chard plants was 4967 mg/kg, and the 

lowest in chard was 290 mg/kg. 

7 6 5 4 3 2 1 12 11 10 Months N 

15 15 15 15 15 15 15 15 15 15 Number of 

samples 

1 

56600 68800 74200 72700 74500 64421 68700 56300 8839 4356 Sum 2 

3773 4587 4947 4847 *4967 4295 4580 3753 589 290 Mean 3 

 *The highest- measured value of nitrate concentration in chard appears within ten months. 

 

 

Figure 5. shows the nitrate values measured in chard, mg/kg, over four months 



30 
 

 

Table 6. shows the values measured with the Greentest device in milligrams/kg for eggplant over 

ten months. The highest value of nitrate concentration in Swiss chard plants was 1008 mg/kg, and 

the lowest in eggplant was 277 mg/kg. 

7 6 5 4 3 2 1 12 11 10 Months N 

15 15 15 15 15 15 15 15 15 15 Number of 

samples 

1 

4160 10500 13500 13600 13950 14550 15120 14855 14410 13500 Sum 2 

277 700 900 907 930 970 *1008 990 961 900 Mean 3 

*The highest- measured value of nitrate concentration in eggplant appears within ten months. 

 

 

Figure 6. shows the nitrate values measured in chard, mg/kg, over four months 

 

DISCUSSION 

The study showed that the values of nitrates in tomato, onion, and cucumber vegetables fall 

within the normal values with the values shown in the World Health Organization bulletin: 300 

mg/kg, 80 mg/kg, and 150 mg/kg, respectively (WHO.2009(, but in chard and eggplant, they exceed 

the recommended normal values, which are 2000 mg/kg, 300 mg/kg, reaching 3662.77 mg/kg and 

854.3 mg/kg. Respectively, this is consistent with (Nowrouz et al., 2012; Salehzadeh et al., 2020; 

AbuElHassan et al., 2022). The permissible limit of nitrate in the daily diet is 3.3 mg/kg body 

weight per day for nitrite in livestock (Cockburn et al., 2013). From the above, it is clear that the 

concentrations in some vegetables are very high and can cause diseases in field animals as well as 

in humans, where the permissible concentrations of nitrates in humans’ food daily diet are between 

0-07 mg/kg of body weight per day (Al-Hamdani., 2021; Cockburn et al., 2013). These results give 

danger signals from the presence of high levels of nitrate concentrations in some vegetables sold in 

Mosul markets. 
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Abstract 

      The current study was conducted with the aim of isolating and diagnosing the strain Escherichia 

coli O157:H7 from water in the city of Mosul, and studying the possibility of inhibiting its toxin 

Shiga toxin (STX) using different materials and compounds. for this purpose 55 water samples was 

collected  (30 Tigris River water, 25 sewage water). 

      Isolation and diagnosis results showed that 29 isolates of E.coli O157:H7 strain were obtained 

using the selective medium Sorbitol MacConkey Agar (SMAC) , distributed over river water (50%) 

and sewage water (56%). The molecular technique (PCR) polymerase chain reaction was used by 

adopting the 16srRNA gene to confirm the diagnosis of cultured isolates, the same technique was 

also used to investigate the genes encoding both types of shiga  toxin, and it was found that the 

prevalence of the stx2 gene encoding the shiga toxin Stx2 is higher compared to the stx1 gene 

encoding the shiga toxin Stx1. 

      The inhibitory effect on the shiga toxins of the E.coliO157:H7 strain was studied using a group 

of materials represented by alcoholic plant extracts of mint leaves, pomegranate peels, and natural 

materials, namely honey, gum arabic, and propolis, in addition to using some essential oils, namely 

cinnamon oil, watercress seed oil, and gum arabic oil. The inhibitory materials used showed a high 

inhibitory ability against the growth of the selected isolates. 

      The possibility of inhibiting shiga toxins was investigated at the molecular level by 

investigating the possibility of inhibiting gene expression for the stx1 and stx2 genes, and 

Quantitative Real Time PCR technology was used for this purpose. The results showed that the 

alcoholic pomegranate peel extract was able to inhibit gene expression. for the stx1 and stx2 genes 

by approximately half, with values ranging between 0.35 for the first gene and 0.41 for the second 

gene, compared to the gene expression of the untreated control samples, while the rest of the studied 

materials did not affect the inhibition of gene expression. 

      The cytotoxicity of the studied shiga toxins was detected on a cell line (normal lymphocytes) for 

the first time locally using the MTT cytotoxicity assay method. The method succeeded in showing 

the cytotoxicity of the shiga toxins and confirming the ability of the alcoholic pomegranate peel 

extract to inhibit the shiga toxins of the studied isolates compared to the control sample without 

treatment. 

Keywords: E.coliO157:H7, Shiga toxin, Sorbitol MacConkey Agar, MTT cytotoxicity assay 
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 الخلاصة
مغ مياه مجيشة السػصل، ودراسة إمكانية تثبيط  E.coli O157:H7أجخيت الجراسة الحالية بيجؼ عدؿ وتذخيز سلالة 

عيشة مغ مياه  30مائية )عيشة  55باستخجاـ مػاد ومخكبات مختمفة. وليحا الغخض، تع جسع  Shiga toxin (STX) ػـ الذايكاسس
عدلة مغ سلالة  29عيشة مغ مياه الرخؼ الرحي(. أضيخت نتائج العدؿ والتذخيز أنو تع الحرػؿ عمى  25نيخ دجمة، و

E.coli O157:H7  باستخجاـ الػسط الانتقائيSorbitol MacConkey Agar (SMAC)( 50، مػزعة عمى مياه الشيخ )%
لتأكيج تذخيز  16SrRNAجيغ ال( باعتساد PCR) البمسخة الستدمدلخجاـ تقشية تفاعل %(. تع است56ومياه الرخؼ الرحي )

 stx2، وتبيغ أف معجؿ انتذار جيغ ايكاالعدلات السدروعة، كسا استُخجمت التقشية نفديا لجراسة الجيشات السُذفخة لكلا نػعي سع الذ
 .STX1 ايكاالذالسُذفخ لدع  stx1أعمى مقارنةً بجيغ  STX2 ايكاالسُذفخ لدع الذ

باستخجاـ مجسػعة مغ السػاد، تسثمت في  ايكاعمى سسػـ الذ E.coli O157:H7لدلالة  الفعالية التثبيصيةدُرست      
، بالإضافة إلى العكبخمدتخمرات نباتية كحػلية مغ أوراؽ الشعشاع وقذػر الخماف، ومػاد شبيعية، وىي العدل والرسغ العخبي و 

خية، وىي زيت القخفة وزيت بحور الجخجيخ وزيت الرسغ العخبي. وقج أضيخت السػاد السثبصة استخجاـ بعس الديػت العص
عمى السدتػى الجديئي مغ  ايكاالسدتخجمة قجرة عالية عمى تثبيط نسػ العدلات السختارة. تع البحث في إمكانية تثبيط سسػـ الذ

 Quantitativeالستدمدل الكسي) البمسخةواستُخجمت تقشية تفاعل ، stx2و stx1خلاؿ دراسة إمكانية تثبيط التعبيخ الجيشي لجيشيّ 
Real Time PCRكل ( ليحا الغخض. أضيخت الشتائج أف مدتخمز قذخ الخماف الكحػلي كاف قادرًا عمى تثبيط التعبيخ الجيشي ل

مقارنةً بالتعبيخ الجيشي لعيشات  لمجيغ الثاني، 0.41لمجيغ الأوؿ و 0.35بسقجار الشرف تقخيبًا، بقيع تتخاوح بيغ  stx2و stx1 مغ
 ، بيشسا لع تؤثخ بقية السػاد السجروسة عمى تثبيط التعبيخ الجيشي.ممةغيخ السعا الديصخة

سفاوية شبيعية( لأوؿ مخة محميًا باستخجاـ المالسجروسة عمى خط خمػي )خلايا  ايكاتع الكذف عغ الدسية الخمػية لدسػـ الذ     
وتأكيج قجرة مدتخمز قذخ الخماف  ايكا. نجحت الصخيقة في إضيار الدسية الخمػية لدسػـ الذMTTػية شخيقة اختبار الدسية الخم

 .الديصخة غيخالسعاممةلمعدلات السجروسة مقارنةً بعيشة  ايكاالكحػلي عمى تثبيط سسػـ الذ

 .MTTبار سسية الخلايا ، اختأكار  سػربيتػؿ ماكػنكي وسط، الذايكا ، سسػـ  O157:H7 الدلالةالكمسات السفتاحية: 

Introduction: 

     Water pollution intended for human use is one of the most dangerous cases of pollution because 

of its direct relationship to the public health of human societies. About 80% of diseases are linked to 

unsafe use of water, and  more than a third of deaths in developing countries are caused by water 

pollution. (Nega et al., 2021). 

      Intestinal bacteria constitute one of the most important causes of water-borne diseases. Perhaps 

the most prominent and widespread of these bacteria is E.coli. This bacteria plays the primary role 

in the issue of bacterial contamination of water, whether for its pathogenic role or as one of the 

approved indicators of fecal contamination. E. coli O157: H7 is important strain, which is a 

serotype belonging to the bacterial type E. coli from the enterohemorrhagic E. coli group (EHEC). 

The most important characteristic of this bacterium distinguishes it from Other types of E.coli its 

inability to sorbitol sugar. The pathogenicity of this strain is due to its possession of virulence 

factors, the most important of which is its ability to produce Shiga toxin (STX), which is the main 

factor responsible for bloody diarrhea (HC) and hemolytic uremic syndrome (HUS). It was found 

that there is more than one type of STX toxin, and the most important types are STX1 and STX2 

(Van Bree et al., 2018). 
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     Many immunological and molecular methods are used to diagnose these toxins, in addition to 

biological methods based on laboratory animals. Live cell lines may be used to detect and determine 

the effect of these toxins, including the use of the MT assay (3-(4,5-Dimethylthiazol-2-yl). -2,5-

Diphenyltetrazolium Bromide) based on tetrazolium dye that measures cytotoxicity or the degree of 

cell inhibition (Mustafa, 2022). 

Inhibiting bacterial toxins is one of the most important goals of anti-virulence drugs because the 

majority of pathogenic bacteria cause disease by producing toxins that have a high effect on the 

cells of the host’s body, and the effectiveness of targeting them with these anti-virulence agents 

represents a tremendous progress in the field of treatments after the emergence of highly toxic 

bacterial strains and resistant to many drugs (Krueger and Brown, 2019). Many substances and 

compounds are mainly used for anti-virulence treatments, including plant extracts, because these 

extracts contain various chemical and metabolic compounds that have antibacterial activity, such as 

resins, gums, flavonoids, etc., and the effectiveness of these compounds has been proven on many 

disease-causing bacterial species (Chew et al., 2018). Plant Essential Oils (EOs) are also used for 

the same purpose, which are composed of volatile substances of an oily nature and consist of a 

mixture of aldehydes, hydrocarbons, terpenes, and phenols (Qasim et al., 2021). Natural materials 

such as honey, propolis, and Arabic gum are also included in many research studies that deal with 

their use in killing and inhibiting microorganisms and as therapeutic alternatives, especially against 

bacteria that are resistant to drugs. ( Rivera et al., 2021 ; Bains et al., 2020 ) 

      In view of the epidemiological and health importance of the bacterial strain E. coli O157:H7 and 

the lack of extensive local studies on Shiga toxins, which are the most important factors of its 

virulence, the study aimed to investigate molecularly the production of these toxins in the strain E. 

coli O157:H7 isolated from river and sewage water, and studying the possibility of inhibiting these 

toxins using a plant extracts, plant essential oils, and natural materials. 

 

Materials and Methods: 

Water samples 

       55 water samples were collected (30 Tigris River water, 25 sewage water) from different areas 

of Mosul city. 

Isolation and Identification 

      Isolation was carried out using MacConkey agar medium (HIMEDIA\ India) by inoculating this 

medium with the last dilutions of water from river water and sewage water samples, after 

performing the decimal water dilutions, plates of MacConkey agar medium inoculated with the 

aforementioned samples were incubated at a temperature of 37 °C for 24 hours. The pink colonies 

were subjected to preliminary tests to isolate E. coli bacteria, represented by microscopic 

examination with Gram stain and biochemical tests (IMVC), and they were cultured on Eosin 

Methylene Blue (EMB) medium (HIMEDIA\India), and the colonies that had a metallic sheen were 

observed (Atlas and Synder, 2006). E. coli isolates and its strain  O157:H7 were grown on Sorbitol 

MacConkey agar(SMAC) medium (HIMEDIA\India)  which is selective for the E. coli O157:H7 

strain, as this strain is distinguished from the rest of the E. coli strains by its inability to fermente 

Sorbitol sugar, so transparent colonies appeared. The inoculated plates were incubated at 37 °C for 

24 hours, and the results were recorded compared to the standard strain E. coli O157:H7 38884 

Supplied by Media Medical Center / Erbil / Iraq. The culture diagnosis of all E. coli O157:H7 

isolates was confirmed using molecular diagnosis using conventional polymerase chain reaction 

technology to diagnose the 16SrRNA gene of the strain. The genomic DNA of the isolates was 

extracted using a special extraction kit (Presto™ Mini DNA Bacteria Kit Geneaid. USA). The 

purity and concentration of the extracted DNA were measured using a BioDrop spectrophotometer 

(Cambridge\ England), the primer supplied by the company (macrogen \Korea) F: 
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(CCCCCTGGACGAAGACTGAC ),  R: (ACCGCTGCAACAAAGGATA) . was used, and the 

amplification steps for the PCR reaction were performed by using the following thermal steps. 

Table(1) 

Table (1) Thermal program PCR 

 

 

 

 

 

 

 

 

  The testing steps were completed by electrophoresis on an agarose gel, and the results were 

photographed and recorded (Qamar et al., 2017; Sasagawa, 2020). 

 

Detection of stx1 and stx2 genes using PC 

Ten isolates were selected for each source (river water and sewage water) were identified 

using molecular methods. DNA extracted as mentioned above and measuring the purity and 

concentration of the DNA, and  primers Supplied by Macrogen\Korea. 

 

 

 

 

 

The amplification steps of the PCR test were performed by the following thermal steps.Table (2). 

Table (2) Thermal program PCR 

 

 

 

 

 

STX1 and STX2 toxin inhibition tests: 

        All  plant extracts used in the current study were prepared in the form of an alcoholic extract, 

according to the method (Al-saidy et al., 2013). While the concentrations of plant essential oils 

were prepared using the solvent Dimethyl Sulfoxide (DMSO) and based on. (Hassanshahian et al., 

2020). As for natural materials, the aqueous extract of mountain honey and its concentrations were 

prepared based on (Wasihun and Kasa, 2016). Aqueous and alcoholic extracts of Arabic gum were 

No. of cycles Time Tm (ᵒC) 
Phase se 

1 min5 95 
Initial denaturation 
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Min  1  95 
Denaturation 

Min  1  63 
Annealing 

Min  1  72 
Extension 

1 Min  7  72 
 Final extension 

size (bp) Primers  Sequence Genes 

614 
ACA CTG GAT GAT CTC AGT GG SLTI-F 

CTG AAT CCC CCT CCA TTA TG SLTI-R 

779 
CCA TGA CACA CGG ACA GCA GTT SLT2-F 

CCT GTC AAC TGA GCA CTT TG SLT2-R 

Steps 
STX1 STX2 

˚C m:s Cycle ˚C m:s Cycle 

Initial Denaturation 94 10:00 1 95 5:00 1 

Denaturation 94 00:45 35 95 00:45 35 

Annealing 58.9 00:45 35 58 00:45 35 

Extension 72 11:00 35 72 00:45 35 

Final extension 72 5:00 1 72 7:00 1 
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prepared using distilled water and 70% ethyl alcohol, according to the method (Bains et al., 2020). 

While the alcoholic extract of propolis was prepared based on (Kubiliene et al., 2015) the minimum 

inhibitory concentration (MIC) and the minimum inhibitory concentration (SMIC) for the tested  

inhibitory substances were determined by the Microdilution method using a 96-well plate based on( 

Hassan et al., 2020;Sato et al.,2018). 

The effect of the studied inhibitors on the gene expression of the stx1 and stx2 genes. 

      One of the strains that had been confirmed to possess the two types of genes encoding shiga 

toxins was chosen,  this strain was treated with minimum inhibitory concentrations (SMIC) of  

studied inhibitors, and then: RNA extraction from bacterial cells was performed using the Quick 

RNA Bacterial MininprepTM Kit. The concentration and purity of the extracted RNA samples were 

measured using a Nanodrop device, and the results were recorded. Usually, the ratio of 1.8-2 is 

considered acceptable and indicates the purity of the RNA (Sanders, 2016)Then gene expression 

measurement was performed using Quantitative Real Time PCR technology: This test was 

conducted on previously extracted RNA samples to determine the gene expression of the Stx1 and 

Stx2 genes encoding Shiga toxin in the presence and absence of the materials  using for inhibition. 

This reaction included several steps, which are: - 

The first step: converting RNA to cDNA: I by using the Prime ScriptTM RT reagent kit to convert 

RNA samples to cDNA as a first step to perform the quantitative real-time polymerase reaction. The 

Master Mix reaction buffer was prepared according to the attached instructions, as follows:  

  The ingredients were mixed well with a micropipette, then the tubes were incubated in the 

thermocycler for 47 minutes at 37°C. During this period, all the RNA would be converted into 

cDNA.  

The second step: Conducting the instantaneous polymerase reaction test: To perform this step, the 

following was prepared: 

1- Preparing the storage buffer for the primers: To complete the instantaneous polymerase reaction, 

primers (forward and reverse) were used for each of the target genes stx2 and stx1 and the reference 

gene, which is 16SrRNA primers were prepared by dissolving the forward and reverse primers in 

250 μl of sterile distilled water and shaking well. Then they were diluted by taking 10 μl of each 

primer (separately) and diluting it in 90 μl of sterile distilled water. 

 2- Conduct the reaction: To perform this step, I used the kit (TransStart R Green qPCR  

       After mixing the reaction components, 42 tubes were prepared, 14 of which were for the target 

gene stx1, 14 of which were for the gene stx2, and 14 for the reference gene 16SrRNA for the 

purpose of comparison. The tubes were inserted into the Real Time PCR device, where the reaction 

conditions used were: 

         After the end of the reaction, which took an hour and a half, a curve was obtained showing the 

number of cycles and the percentage of fluorescence that reflects the gene expression of the gene. 

The preliminary results of the reaction were also obtained and entered into special calculations to 

determine the relative gene expression. The delta-delta (ΔΔCT) Ct method is the simplest method. 

As it is a direct comparison of Ct values between the target gene and the reference gene, the values 

were compared between control samples for the target gene and the reference gene and between 

samples treated for both genes as well, and the results were recorded in tabular form. 

1- Bacterial suspension was prepared ( compare with McFarland tube No.1.), also  pomegranate 

peel extract was prepared at a SMIC concentration (8.33 mg/cm3). 
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2- To tubes containing 0.5 cm3 of Mueller-Hinton MHB broth medium, 0.5 cm3 of pomegranate 

peel extract was added, and 10 microliters of the bacterial suspension were added to it. The tubes 

were shaken and incubated at 37 °C for 24 hours. 

*Lymphocyte isolation and method MTT. 

1- 100 microliters of lymphocyte culture at a concentration of (16×10
5
 cells/ml) was placed in each 

well of the plate and incubated in 5% CO2 for 24 hours. and then100 microliters from the tubes of  

Step No. (2)  above , were added to the plate holes. positive control and negative control was 

prepared , and the plate was incubated in 5% CO2 for 24 hours. 

2- 10 microliters of the previously prepared MTT dye was added to all the wells, and a yellow color 

was observed in the wells. They were incubated in the dark at 37°C for 4 hours in CO2. 

3- 100 microliters of SDS-HCL (Sodium Dodecyl Sulfate) was added to each well and incubated at 

37°C for 4 hours in CO2 ,and by mixed each sample with a pipette violet color  was observed in the 

wells . The absorbance was read at 595 nm . 

The percentage of cells number of cells was calculated as following : 

The Number of cells % = average absorbance of samples OD / average absorbance of control OD × 

100.              (Vinken and Rogiers, 2015; Talukder et al., 2012). 

Result and Discussion: 

Isolation and diagnosis:- 

     In this study, 55 different water samples were collected, and 50 isolates of E.coli bacteria were 

isolated and identified based on preliminary diagnosis (microscopic using Gram stain and culture 

based on MacConkey agar and EMB medium) Eosin methylene blue, which yielded pink-colored 

colonies fermenting the sugar lactose. On MacConkey medium, while when grown on EMB 

medium, it gives colonies characterized by the green metallic sheen phenomenon (APHA, 2022; Al-

Dawmy and Yousif, 2013), Figure (1). Isolates were distributed during the initial diagnosis into (25) 

river water and (25) sewage water. Using the selective medium (SMAC) Sorbitol MacConkey Agar 

for the strain E. coli O157:H7,   29 isolates were identified, as they are distinguished from the rest 

of the strains of E. coli by their inability to ferment the sugar Sorbitol within 71 hours. Therefore, 

their colonies appear pale compared to the rest of the types of E. coli. that appear pink (Yadav et al., 

2018; Al-Taie, 2020) ,which confirms the sensitivity of this medium in diagnosing the strain, and 

many other studies have confirmed this result  (Avila et al., 2021) O157:H7). figure (2). Table (5) 

Table (5) Number of E.coli isolates and its strain O157:H7 isolated from water samples. 

 

 

 

 

 

 

 

Type strain 

NO. 
River water 

Swage 

water 
Total 

NO. Samples 30 25 55 

E.coli 25(83)%  25( 100)% 50(90.90)%  

E.coli O157:H7 15 (50)%  14(56)%  29(52.72)%  
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Figure (1) A: E.coli colonies in MacConkey medium B: Eosin methylene blue EMB medium 

 

 

 

 

 

 

 

 

Figure (2) A: Colonies of strain E.coli O157:H7 on Serbitol-MacConkey Agar medium B: Colonies 

of the rest of the strains of E.coli bacteria on this medium 

   In the current study, this strain was isolated from river water and sewage water at a rate of 

(50%) and (56%) . This indicates the importance and risk of this strain and the possibility of it being 

transmitted through contaminated water and causing infections through consumption of 

contaminated water. Especially since this strain has the ability to live in a wide temperature and pH 

range, thus it has become a waterborne pathogen that poses a serious threat to health around the 

world (Avila et al.,2021). In a previous study, it was isolated from drinking water in Nineveh 

Governorate, with a high isolation rate of (47.7%). (Al-Oqadyi and Al-Oqadyi, 2019). 

Molecular methods, including the PCR test used in the current study to detect the 16SrRNA 

of the E.coli O157:H7 strain and using specific primers, Figure (3), are highly efficient, and this 

method is considered one of the most important modern methods of diagnosis that is used in many 

fields, the most important of which is detection. About pathogens. The most important feature of 

this technology is the accuracy and speed of diagnosis compared to traditional tests. One study 

found that two strains of serotype O157 out of 81 strains were non-motile when diagnosed 

phenotypically and serologically, but PCR revealed that they possessed the gene encoding the 

flagellar antigen (Shah, 2019). The diagnostic method based on the 16SrRNA gene and by means of 

PCR technology is more accurate, faster and simpler, as it allows the distinction between the E.coli 

O157:H7 strain and other types of E.coli, as ribosomal genetic diagnosis is more than 90% accurate 

compared to With other diagnostic tests. The 16SrRNA gene contains hyper variable regions that are 

important in distinguishing between different species more accurately. The 16SrRNA gene contains 

about 1600 base pairs, and includes nine heterologous regions V1-V9, with the V2 and V8 regions 

responsible for maintaining the structural stability of the ribosomal gene 16SrRNA (Bukin et al., 

2019; Shaebth, 2018). 

B A 

B A 
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Figure (3) Results of 16SrRNA gene for diagnosis of E.coli O157:H7 strain 

 

Detection  of the sxt1 and sxt2 genes encoding the shiga toxin  

      In this study, the stx2 and stx1 genes were detected, which encode the shiga toxin, which is 

essential in the virulence of E. coli O157: H7 bacteria, using the traditional PCR technique and 

primers for these two genes. Table (6) shows the number and percentage of strains that carry the 

stx1 and stx2 genes. In the strains studied, 20 isolates identified for this strain were tested, 

distributed into 10 strains for each isolate source. It is noted from the results that    is a variation in 

the spread and distribution of both types of genes in the strains under study, which also reflects a 

variation in the virulence of these strains, and that this variation is consistent with the results of 

other local and foreign studies (Abdul-Hussein et al., 2018; Mohsen, 2022). (Loconsole, 2020) 

Table (6) Number and percentage of strains carrying the stx1 and stx2 genes in the studied strains 

 

 

 

 

 

 

STX2 toxin has greater diversity compared to STX1, which led to the emergence of many types of 

STX2 toxin (Wang et al., 2014). Because of the importance of STX2 toxin in bacterial 

pathogenesis, and to differentiate the strains that produce it into different types from other strains 

that produce both types of toxin, STX1 remains cell-bound and is stored in the periplasmic zone 

while STX2 is released from bacterial cells and is therefore usually detected at a higher titer ( Chui 

et al., 2018 ). The results also showed that the strains under study that carried both genes stx2 and 

stx1 were one isolate for each source of isolation, as in the Figure (4). These are consistent with 

many studies (Joensen et al., 2014; Abdulrazzaq et al., 2021). The results also showed that the 

strains under study that carried both genes stx2 and stx1 were one isolate for each source of 

isolation, as in the Figure (5). These are consistent with many studies (Joensen et al., 2014; 

Abdulrazzaq et al., 2021). 

 

Type Sample 

Type gene 

stx1 stx2 

+ - + - 

River water 1(10)%  9(90)%  3(30)%  7(70)%  

Swage water 1(10)%  9(90)%  3(30)%  7(70)%  

Total)%( 2(10)%  18(90)%  6(30)%  14(70)%  

Ladder 

500pb 

600 pb 16SRNA 
1000pb 

1500pb 
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Figure (4) A: the bands of the stx1 gene, B :the bands of the stx2  

Inhibition of shiga toxin in the studied E.coli O157:H7 strains 

       The minimum inhibitory concentration (MIC) and the sub-minimum inhibitory concentration 

(Sub-MIC) were determined for the inhibitory substances used, which were alcoholic plant extracts 

of mint leaves, pomegranate peels, and natural materials, namely honey, gum arabic, and propolis, 

in addition to the use of some vegetable oils, namely cinnamon oil and seed oil. Watercress and 

gum arabic oil were tested for their effectiveness against 2 selected strains of E.coli O157:H7, 

which contain both the stx1 and stx2 genes, in addition to the standard isolate. The results shown in 

Table (7) showed that all the materials used had an inhibitory ability. On the strains under study, 

including the standard isolate, this effect varied according to the type of inhibitory substance and 

the source of the E.coli O157:H7 strain. 

     Regarding plant alcoholic extracts, the results showed that the alcoholic extract of mint leaves 

was the most effective, as it was able to inhibit strains at concentrations of 6.25 - 12.5 mg/cm
3
, 

compared to the alcoholic extract of pomegranate peels, whose effect ranged within concentrations 

of 15.62 - 62.5 mg/cm
3
 on the strains studied, which... It reflects the difference and diversity of their 

content of compounds and aggregates, and these results support what was mentioned in the study 

(Tafrihi et al., 2021) that the mint plant contains many active substances such as alkaloids, phenols, 

and other compounds such as Carvone, Riboflavin, Cumaric acid, and others, which give the plant 

therapeutic and antioxidant properties. And for bacteria, in another study it was proven that both the 

aqueous and alcoholic extract of grape seeds and the alcoholic extract of mint led to the inhibition 

of enterotoxin production in strains of S.aureus by 100%. (Kazim, 2022). 

It is noted from the results of the inhibition of natural substances that mountain honey had the best 

inhibitory effect compared to extracts of Arabic gum and propolis, as the inhibitory effect of 

mountain honey ranged within concentrations of 3.125 - 25 mg/cm
3
 in the strains under study, as 

laboratory studies indicate that honey has microbial activity against many types of bacteria, 

including Gram-positive and negative bacteria. The reason is that honey contains inhibitors due to 

the presence of oxidative-reductase enzymes, phenolic acids, etc., in addition to the osmotic effect 

of honey resulting from sugary components, which 2h causes the breakdown of cell walls and low 

water stress, in addition to the low acidity that ranges from (4-3.6) and the high viscosity of honey, 

which It prevents bacteria from penetrating and forming colonies on wound surfaces (Kazim, 2022), 

as well as containing many active aggregates. 

       As for the effect of plant essential oils studied on the strains, the three oils, cinnamon oil, 

watercress seed oil, and gum arabic oil, had a similar inhibitory effect, ranging from a concentration 

of 3.125 - 6.12 mg/cm
3
. This reflects the diversity and difference in their content of active 

compounds and groups. With regard to vegetable oils of both types (volatile and essential), their 

mechanism of action against bacteria occurs through affecting the cell wall and membrane. Because 

they are lipophilic, they affect the quantity and structure of unsaturated fatty acids in cell 

STX2 779pb 

1 3 2 4 6 7 8 9 10 11 12 5 ladder 1 2 3 4 5 6 7 8 

STX1 614pb 
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membranes, which works to Killing cells due to a difference in the process of entry and exit of 

molecules and ions, and thus the cells explode or shrink and lose their vitality (Yu et al., 2020). 

Table (7) The minimum and sub-minimum inhibitory concentration (mg/cm
3
) for the various 

inhibitory substances used against the E.coli O157:H7 strain under study. 

 

Inhibitory substances  

Standard isolate River water Swage water 

MIC SMIC MIC SMIC MIC SMIC 

Alcoholic extract of mint leaves 6.25 

 

3.125 

 

6.25 3.125 6.25 3.125 

Alcoholic extract of pomegranate peels 15.62 7.812 31.25 15.625 31.25 15.625 

Honey 6.125 3.125 3.125 1.562 6.125 3.125 

Water extract gum Arabic 50 25 50 25 50 25 

Alcoholic extract of propolis 125 62.5 125 62.5 62.5 31.25 

cinnamon oil 3.125 1.562 6.25 3.125 3.125 1.562 

Seed oil 6.125 3.125 6.125 3.125 3.125 1.562 

gum Arabic oil  6.125 3.125 6.125 3.125 6.125 1.562 

 

Inhibition of gene expression of stx2 and stx1 genes in the studied E.coli O157:H7 strain. 

      The possibility of inhibiting the shiga toxin was detected at the molecular level by detecting the 

possibility of inhibiting the gene expression of the stx1 and stx2 genes. Real-time quantitative 

polymerase reaction technology was used for this purpose and an isolate was chosen that possessed 

the two types of toxin representative of the rest of the strains. The ability of the studied inhibitors to 

inhibit gene expression was tested at the SMIC concentration. The RNA of the selected isolate was 

extracted before and after treating it with the inhibitory substances and the purity of the extracted 

RNA samples ranged between 1.8-2.1. This means that the extracted samples are pure and free of 

protein and contaminants, as the purity required to conduct molecular experiments ranges from 1.8-

2 (Sanders, 2016).   

      The results of the quantitative real-time polymerase chain reaction technique for measuring gene 

expression, shown in Table (8), showed that only the alcoholic extract of pomegranate peels was 

able to inhibit the gene expression of the stx2 and stx1 genes by approximately half, with values 

ranging between 0.35 for the first gene and 0.41 for the second gene, compared to the gene 

expression of the non-control samples. Treatment, which reflects the possession of this alcoholic 

extract on active compounds affecting gene expression, such as the secondary amine, alkene, and 

methyl, which are very effective groups that may have interfered with the process of genetic 

expression of the gene, whether at the level of turning off the gene operator or at the level of 

cloning. The process of inhibiting the production of toxins, including enterotoxin, can take place 

through inhibiting their gene expression, which can occur at several levels, starting with inhibiting 

the production of regulatory proteins and their function. It may also take place at the level of 

inhibiting the production of cloning factors and their association with the gene operator, as the 

region of the operator that is located Upstream promotor region is the main region that affects the 
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genetic expression of the gene, and therefore other substances interfere with this region. It is one of 

the important steps to suppress gene expression, and the process of toxin inhibition may then take 

place by inhibiting the production and assembly of the toxin or even the process of maturation of 

the toxin after translation by modification (Garland et al., 2017), as the active chemical groups and 

compounds in plant extracts are characterized by properties, including their ability On chelating, 

oxidation and reduction, it is associated with regulatory proteins and enzymes that contribute to the 

process of reproduction and translation. Knabner and Amelung (2014). The results shown in Table 

(4) also indicated that the natural materials (honey, propolis, and gum arabic) increased the gene 

expression of the stx1 and stx2 genes alike, at much higher values than the control sample without 

treatment. 
 

Table (8) Effect of the studied inhibitory substances on the gene expression of the stx2 and stx1 

genes. 

 

Also, the oils used (cinnamon oil, watercress seed oil, and arabic gum oil), despite their 

inhibitory effect on the strain, increased the gene expression of both types of shiga  toxin at very 

high values compared to the control. It has been shown in a number of studies that it is possible to 

increase the encoding of the shiga toxin by the influence of some substances, as it was found that 

there is a close connection between the encoding of the toxin and multiple drug resistance. A study 

(Crane et al, 2021) also indicated that antibiotics such as Ciprofloxacin and non-steroidal antibiotics 

such as Fluoxetine and Paroxetine increase the encoding of the toxin. The STX2 toxin in E.coli 

O157:H7 bacteria is approximately 1.4 fold greater compared to control samples and at 

concentrations that ranged between 40-50 micrograms per cm3, in addition to the study (Sarmiento 

et al., 2020) confirmed that some types of antibiotics such as ampicillin Ciprodar, methperim, 

ceftazidine, and Quinolones stimulate the production of SXT2 toxin in the bacteria themselves, 

which increases the risk of developing hemoglobin syndrome. 

Some modern alternative methods to antibiotics rely on inhibiting the phenomenon of quorum 

sensing (QS) or inhibiting virulence factors individually using natural products and plant extracts by 

Inhibitory 

substances 

Reference 

gene 

16SrRNA  

stx1 ΔCT ΔΔCT 
FOLD 

Change 
stx2 ΔCT ΔΔCT 

FOLD 

Change 

Alcoholic 

pomegranate 

peels 

18.3 43.7 25.4 1.5 0.35 44.8 26.5 -0.5 0.41 

Alcoholic mint 

leaves 
19.5 38.4 18.9 -5 32 39.5 20 -7 128 

Honey 15.7 32.3 16.6 -7.3 157.58 33.4 17.7 -9.3 630.34 

Water gum 

Arabic 
19.3 33.2 13.9 -10 1024 34.3 15 -12 4096 

Alcoholic 

propolis 
14.6 33.8 19.2 -4.7 25.99 34.9 20.3 -6.7 103.96 

cinnamon oil 17.1 33.5 16.4 -7.5 181.01 34.6 17.5 -9.5 724.07 

Seed oil 18.6 37.5 18.9 -5 32 38.6 20 -7 128 

gum Arabic oil  18.6 35.6 17 -6.9 119.42 36.7 18.1 -8.9 477.7 

Control 11.6 35.5 23.9 0 1 38.6 27 0 1 
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extracting and purifying the active compounds in them and using them as alternative treatments 

(Rahman, 2018). The development of anti-virulence agents helps in treating many diseases caused 

by bacteria, in addition to reducing the selection pressure on them as a result of the frequent and 

indiscriminate use of antibiotics, which reduces their resistance to these antibiotics and drugs over 

time. The results of the current study differed from many studies on the benefits of plant extracts 

containing phenolic groups, especially the orthophenol compound, which has the ability to inhibit 

the encoding of many genes responsible for the various regulatory proteins controlling the process 

of reproduction and translation (Kong et al., 2018), as the compounds have proven. Polyphenols 

extracted from various plants, especially those containing hexahydroxybisphenol and caloyl groups, 

have a high ability to interfere with the process of making toxin A and inhibit its production 

(Shimamura et al., 2016). It has also been found that many plant compounds have the ability to 

render bacterial toxins inactive. By competing for attachment to the target part of the host cell 

(Upadhyay et al., 2015). 

Evaluation of the inhibition  of Shiga toxin using a lymphocyte toxicity test: 

      A lymphocyte toxicity test was used to confirm the inhibitory effect of alcoholic pomegranate 

peel extract on the types of toxin STX1 and STX2 in the two selected strains of E.coli O157:H7 

bacteria under study and isolated from water sources, in addition to the standard isolation. 

Lymphocytes extracted from blood were used in this test, according to paragraph of the materials 

and methods of work, such as a cell line, the MTT dye was also used to detect the vitality of the 

tested cells, as this dye contains terazole, a yellow color that turns into violet formazan when treated 

with living cells only. The absorbance of the colored solution can be determined by measuring the 

absorbance on A wavelength between 500 and 600 nanometers, using a spectrophotometer, as the 

degree of light absorption depends on the concentration of formazan accumulated inside the cell and 

on the cell surface. The higher the concentration of formazan, the greater the violet color and the 

greater the transmittance. The MTT test is used to measure the cytotoxicity or degree of cell 

inhibition of active pharmaceutical agents and toxic substances. This test is usually performed in the 

dark, because the test reagent is sensitive to light. (Vinken and Rogiers, 2015; Nazarpour et al., 

2012). 

The results showed the ability of alcoholic pomegranate peel extract at (SMIC) 

concentration to inhibit the production of shiga toxin, through the change in the color of the tetrazol 

dye to violet in the test plate wells treated with the extract, and the white lymphocyte cells remained 

alive and were not affected by shiga toxin compared to the wells that were not treated with the 

extract, which appeared yellow color indicates the death of white cells due to the effect of shiga 

toxin produced by the studied strains. 

The absorbance results with the ELISA reader device at the wavelength of 595 nm showed 

that the negative control sample (C2) after obtaining the average for the duplicates was 0.136 nm, as 

the pits were purple in color. As for the positive control (C3), which is the standard strain that does 

not contain shiga toxins treated at the sub-minimum concentration. The alcoholic pomegranate 

peels also appeared in a purple color, indicating that the cells remained alive (lymphocytes), thus 

turning the yellow-colored terazole into a purple-colored formazan.  As for the two strains treated 

with the subminimum inhibitory concentration of alcoholic pomegranate peels, the absorbance of 

the river water strain was similar in absorbance to the positive control sample of 0.101 nm by 0.104, 

while the sewage strain was similar in absorbance to the standard strain that does not contain toxins, 

0.079, as in Figure (5). 

     STX1 has shown cytotoxic activity in various mammalian cells such as HeLa cells, mouse 

embryonic fibroblasts (MEFs), and Caco-2 cells (human primary intestinal fibroblast line). This 

toxin has been shown to induce DNA damage. In human endothelial cells, it is involved in cell 

cycle arrest, DNA repair, and apoptosis (Talukder et al., 2012). Another study also showed the 

cytotoxic effect of STX1 on two types of cells isolated from human colorectal cancer and the cancer 
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cell line (NCM425). Ability of probiotics to inhibit STX1 toxin and cytotoxicity test using MTT 

tetrazolium test showed that STX1 has a cytotoxic effect on cells and cell lines (Mustafa, 2022) 

 

 

 

 

 

 

 

 

 

 

Figure (5) The effect of alcoholic pomegranate peel extract on the inhibition of shiga toxins STX1 

and STX2 in terms of the toxic effect on lymphocytes, C1 negative control lymphocytes only, 

C2 negative control alcoholic pomegranate peel extract and lymphocytes, C3 positive 

intermediate extract, standard strain  
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ABSTRACT 

     This study aimed to assess the quality of groundwater used for garden irrigation in Kirkuk 

Governorate. The study conducted a comprehensive field survey and chemical analysis of water 

from twelve wells distributed across the governorate. The analyses focused on several key chemical 

indicators that affect the suitability of water for irrigation purposes, such as sulfate (SO₄²⁻), chloride 

(Cl⁻), and total hardness. 

The results showed that the water extracted from all wells fell within acceptable limits according to 

approved irrigation water standards, indicating its general feasibility for use in this field. However, 

some wells recorded relatively high concentrations of certain chemical elements, particularly 

sulfate, chloride, and hardness, which could negatively impact soil and plants in the long term if not 

treated or diluted. To reduce the concentrations of these elements and improve water quality, an 

environmental treatment approach was adopted using chemical adsorption techniques. This 

approach utilized low-cost, highly effective adsorption materials: walnut shells (a natural organic 

material rich in active groups such as hydroxyl and carboxyl) and activated carbon (known for its 

high porosity and large surface area). 

Activated charcoal and walnut shells were used for environmental remediation on the water samples 

under study under controlled experimental conditions. The results showed a significant decrease in 

the concentration of the target elements, confirming the effectiveness of adsorption processes in 

removing pollutants from groundwater and effectively improving its quality. 

This study highlights the importance of adopting sustainable environmental solutions for water 

treatment, particularly those that rely on municipal solid waste such as walnut shells or locally 

available materials, which combine economic efficiency with environmental effectiveness. 

Keywords: Environment , Walnut shells , Charcoal , Well water. 
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 السمخص
( بئخاً تقع في مجيشة كخكػؾ وتدتخجـ لخي الحجائق ، وقج أثبتت 12في ىحه الجراسة تع إجخاء مدح وتحميل ميجاني لسياه )      

 مثلالجراسة أف مياه جسيع الآبار في مػاقع الجراسة مشاسبة الخي ، ولكغ أضيخت بعس نتائج تمظ الآبار زيادة في قيع الشتائج 
(SO4) و (Cl

 والعدخة الكمية ، في ىحا البحث تع اقتخاح شخيقتيغ لسعالجة نساذج الآبار قيج الجراسة باستخجاـ قذػر الجػز (-
والفحع السشذط لتقميل ندبة التخاكيد ومقارنة الشتائج قبل وبعج السعالجة ، حيث أضيخت الشتائج انخفاضًا في تخاكيد السمػثات ليح 

 .عسمية الامتداز الكيسيائي لمعيشاتالعيشات مغ خلاؿ 
 البيئة ، قذػر الجػز ، الفحع السشذط ، مياه الآبار.الكمسات السفتاحية : 

 

Introduction 

     One of the primary sources of water used to irrigate crops is well water, particularly in situations 

where surface water is limited or nonexistent (Konstantina and Hrissi,2017). It is not surprising that 

towns and cities grow up around these water sources, as anthropogenic activities exacerbate 

geogenic variables that affect water quality, which poses a serious risk to human health and 

agricultural methods. Whether it is found above ground or below, water is the most significant and 

essential natural resource for maintaining life on Earth as well as for the sustainable growth of 

socioeconomic sectors like irrigation and industry. The hydro-geo-ecological cycle and several 

other metabolic, physiological, and ecological processes that occur in living things depend on water. 

Due to immoral human activities in the planet's hydrosphere, geosphere, and biosphere, there is a 

global discrepancy in water availability, putting the lives of a billion people and a variety of natural 

ecosystems at danger (Mekonnen and Hoekstra,2016 and Falkenmark, etal.,2019). Additionally, the 

geographical effects of drought, floods, low water quality, abstraction, unpredictable rainfall, etc. on 

a large population have made the water deficit a worldwide problem (Boers, etal., 2017, Ellison, 

etal., 2017 and Jain, etal., 2013). The largest source of water for both rural and urban populations, 

mostly in the world's arid and semiarid regions, is groundwater aquifers (Rao, etal., 2020), Global 

attention is drawn to the shortage of groundwater during dry seasons and the perceived risk posed 

by anthropogenic activities such as excessive groundwater extraction for industrial, drinking, and 

irrigation uses (Mekonnen, etal., 2015 and Adimalla, etal., 2020). Therefore, improper usage of 

groundwater has an adverse impact on the quantity and general quality of water (Ray and 

Elango,2019), Additionally, Anthropogenic activities and geogenic pollutants found in rocks and 

soils can affect groundwater resources (Saha and Mukherjee, 2018), Inadequate management has 

further upset the global water cycle, which is likely aggravating groundwater pollution and climate 

change (Abbott, etal., 2019). The chemistry and features of groundwater systems at each place are 

distinct and influenced by various factors, including surface water, recharge, precipitation, and 

climatic variations. Water quality is greatly influenced by subterranean factors, as well as the 

geochemical and lithological composition of the underlying rock (Magesh and Chandrasekar, 

2013). 

     In general, well water contains varying levels of dissolved salts. Examining the quality of 

groundwater is essential to comprehending the potential problems associated with using it for 

agricultural irrigation since it is influenced by the salts and rocks in the subsurface crust that pass 

through it (Ijumulana, etal., 2022). 
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     To assess the suitability of twelve well waters for agricultural use, water samples were collected 

and analyzed using precise analytical techniques in accordance with international standards 

approved by the World Health Organization (WHO) and others. The analyses included measuring a 

range of key physical and chemical properties, such as acidity (pH), electrical conductivity (EC), 

and the concentration of major ions such as calcium, magnesium, sodium, chloride, and sulfate. 

These analyses aimed to determine the suitability of this water for irrigating various crops and to 

propose appropriate treatment procedures for wells whose results showed levels of contaminants or 

properties that were not compatible with recognized agricultural standards. 

      In our study, activated charcoal was used because it represents an effective and cheap method 

for removing many salts, suspended materials and turbidity, in addition to its availability in the 

market. 

     Walnut shells from municipal solid waste are also used to treat water, which is considered an 

environmentally sustainable method. 

Chemicals and devices used in the study 

Chemical Compounds : All chemicals used in this study were of analytical grade with a purity 

of (99.9)% and were purchased from fluka and merck. 

Devices used :. 

PH meter ( PW-9418 , pH-meter – Hanna), It is considered a specialized water diagnostics 

company, examining all types of water in the environment, including surface and groundwater pH, 

industrial wastewater, and sewage water, etc. 

Flame photometer (Pyunicom), It is one of the accurate and preferred methods, especially for 

concentrations that are less than (10 ppm). This method is suitable for measuring the concentration 

of sodium and potassium in surface water samples, drinking water samples, and domestic and 

industrial wastewater. 

Field Electrical Conduction Device (Hanna), The ability of water to conduct electricity is known as 

conductivity. In other words, conductivity depends on the concentrations of ions present in the 

solution. Conductivity is measured in the laboratory using electronic methods. 

Turbidity meter, The effect of turbidity on the passage of light and blocking it from aquatic 

organisms is one of the most important effects in the ecosystem. Its effect on plant growth is 

through reducing the penetration of light that is used in the process of photosynthesis and through 

the adhesion of suspended materials to plants. 

Sensitive balance (Sartorius -Germany), Electrical oven (GallenKamp, England). 

Experimental part : 

Samples were collected from twelve irrigation wells, as shown in Figure (1), with depths ranging 

from 55 to 100 meters, established by Kirkuk Municipality. Samples were stored in volumetric 

glass containers according to the study protocol. Laboratory analyses were conducted to evaluate 
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relevant indicators and parameters, according to international standard methods for water analysis
 

(Afah, etal., 1976). 

 

 

Figure (1):A map showing the study area in the city of Kirkuk 

Chemical measurements : 

      Chemical measurements were carried out to analyze the elements present in water models using 

the following analytical methods : 

1- The simple (conventional) analytical method: the titration process by forming 

complexation titration was used to estimate the concentrations of ions (Mg
+2

 , Ca
+2

 , SO2
-2

) 

this was done by using a solution of ethylene diamine tetra acetic acid (EDTA) at a 

concentration of 0.001µ and the precipitation precipitation titration was used to determine 

the chloride (Cl
-
) ion using a silver nitrate solution (AgNO3) at a concentration of 0.001µ 

using potassium dichromate as a guide (Gary, 2004). 

2- Methods of automated analysis: the method of Flam photometer was used for the 

determination of sodium and potassium ions, using a mixture of standard solutions of 

sodium chloride and potassium chloride with concentrations ranging from 80-25 ppm, 

respectively. The electrical conductivity of water was measured using a field conductivity 

meter made by the same company above. The results were expressed in microsiemens/cm 

(µs) cm
-1

. Chloride was measured by titration using silver nitrate and potassium chromate 

indicator. Calcium was measured by titrating a certain volume of sample water with EDTA 

and using Murexid dye as an indicator. Sulfates were measured using the turbidity method, 

where the measurement is done using a spectrophotometer, and the results were expressed in 

mg/l. 
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Table No. (1) shows the well numbers, names, geographical locations, and the type of soil from 

which the samples were collected. 

 Table No. (1) Shows the Numbers and Names of the Wells, their Geographical Coordinates 

processing methods 

     There are numerous well-known and contemporary techniques that can be applied to treat 

groundwater and render it fit for human consumption. These techniques aim to sterilize and purify 

well water, making it an excellent source for drinking. The kind of pollutants in the groundwater 

and the cost of treatment will determine which of these approaches is selected (Towert, 2009). 

Adsorption is a physical process widely used in water treatment. It is based on the principle that 

contaminants move from water to the surface of a solid material known as an adsorbent, without 

any chemical reaction occurring between them. This method uses materials with large, porous 

surfaces, such as activated carbon and walnut shells, as these pores allow for the capture of the 

largest possible amount of contaminants. When contaminated water passes through a layer of this 

material, the contaminants are captured and retained, resulting in cleaner, purer water (Douha and 

Yasser, 2024). 

Here’s a simple graphical explanation on how activated carbon works. 

 

Figure (2) represents the mechanism of pollutant treatment 

Well 

number 
Region Soil type 

North latitude 

(N) 

East longitude 

(E) 

1 Tisein Clay soil 35° 25ˋ 49,254ˋˋ 44° 21ˋ 37,906ˋˋ 

2 Al Quds street Clay soil 35° 26ˋ 31,207ˋˋ 44° 22ˋ 37,228ˋˋ 

3 Almas Clay soil 35° 28ˋ 53,381ˋˋ 44° 23ˋ 26,991ˋˋ 

4 Rahim awh Clay alluvial soil 35° 29ˋ 48,083ˋˋ 44° 23ˋ 18,101ˋˋ 

5 Alqalea (Ras Aljasir) Clay soil 35° 28ˋ 17,264ˋˋ 44° 23ˋ 22,898ˋˋ 

6 Kasbahkhana Clay coarse soil 35° 27ˋ 30,997ˋˋ 44° 24ˋ 11,241ˋˋ 

7 Ronaki Coarse soil 35° 26ˋ 37,331ˋˋ 44° 23ˋ 53,588ˋˋ 

8 Alnasr Mixed soil 35° 24ˋ 59,097ˋˋ 44° 23ˋ 52,658ˋˋ 

9 Alqadisia Clay soil 35° 26ˋ 10,369ˋˋ 44° 21ˋ 37,316ˋˋ 

10 Wahid adhar Dry clay soil 35° 23ˋ 59,162ˋˋ 44° 21ˋ 25,683ˋˋ 

11 Alasraa walmafqudin Clay soil 35° 24ˋ 51,700ˋˋ 44° 23ˋ 22,458ˋˋ 

12 Alwasty Clay soil 35° 24ˋ 47,175ˋˋ 44° 20ˋ 56,408ˋˋ 
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Results and Discussion 

     Water quality and composition are influenced by physical and chemical properties, water 

volume, flow rate, and human activities. Geochemical processes, driven by interactions between 

water and surrounding rocks, play a key role. These interactions depend on rock composition, 

temperature, pressure, and dissolved substances like ions and heavy metals. As a result, water 

properties such as pH, electrical conductivity, and chemical content are shaped, affecting its 

suitability for human, agricultural, and industrial use, (Korany and Abd Rabou, 1995). 

      The acidity function (PH) of the samples was measured, as well as the electrical conductivity, 

before treatment, where it was found that the acidity function PH˃8 , that is, the solutions are 

alkaline, and the ions (Cl
-
 , SO4

-2
 , Na

+
 , K

+
 , Ca

+2
 , Mg

+2
)  were estimated before the treatment 

process, as it was found that these concentrations were high in all samples. 

     Based on the proposed system for assessing irrigation water quality in relation to the specific 

problems that directly affect plant growth and create unsuitable growing conditions, the analysis of 

water from these wells indicates that it can be classified as irrigation water with either a rising 

salinity issue or a severe salinity problem, (Korshid, 1998). 

Water samples were classified based on electrical conductivity (EC) values into two main groups 

for irrigation purposes: the first is water with medium salinity, and the second is water with high 

salinity, according to the approved standards shown in Tables (2) and (3). 

Water quality can also be classified according to the Scofield classification and the American 

Salinity Laboratory for Irrigation according to electrical conductivity, as we see in Table (4). 

Table No. (2) Chemical measurements of well water with high salinity 

Well 

No 
Mg

+2
 

mg/l 

Ca
+2

 

mg/l 

K
+
 

mg/l 

Na
+
 

mg/l 

SO4
-2

 

mg/l 

Cl
-
 

mg/l 

EC 

µs/cm 
PH T.H 

1 134 227 7.1 74 602 81 1850 8.1 728 

2 114 221 3.1 62 459 63 1460 7.8 645 

3 120 224 3.8 78 587 71 1760 8.2 737 

4 138 229 3.9 80 622 87 1910 7.6 749 

5 140 231 3.8 84 637 89 2150 7.7 599 

6 116 215 3.8 65 536 67 1590 8.1 666 

7 113 213 3.5 59 450 60 1480 7.6 640 

8 118 219 3.6 71 554 69 1680 7.5 694 

 

Table No. (3) Chemical measurements of well water with medium salinity 

Well 

No 
Mg

+2
 

mg/l 

Ca
+2

 

mg/l 

K
+
 

mg/l 

Na
+
 

mg/l 

SO4
-2

 

mg/l 

Cl
-
 

mg/l 

EC 

µs/cm 
PH T.H 

1 82 151 2.1 43 360 44 685 8.1 422 

2 63 159 2.3 39 392 52 680 7.8 480 

3 76 142 1.4 32 288 40 564 7.9 410 

4 98 160 2.4 48 478 57 748 7.6 503 
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Figure (3) Total Hardness before and after treatment for the two methods 

     The study's findings make it feasible to observe how some of these wells' highly salinized water 

directly affects the irrigation system's quality. These wells' water has salinity values that are higher 

than what is considered globally allowed when compared to international criteria for salinity 

(Taleea, 1976). 

Table No. (4) represents the Scofield classification and the American Salinity Laboratory for 

irrigation, according to the electrical conductivity 

electrical conductivity 

(µs/cm) 
Irrigation water class Irrigation water type 

<250 Low salinity excellent 

750-250 average salinity good 

2000-750 High salinity allowed 

>2000 Very salinity unsuitable 

 

 

Figure (4) Electrical Conductivity before and after treatment for the two methods 

     Regarding the suitability of well water for domestic and drinking purposes, Table No. (5), 

(Angham, etal., 2021), shows that the total hardness of all these wells, as well as the values of some 

measured chemical indicators like sulfate, calcium, magnesium, and the value of sulfate, exceeded 

the internationally permissible limit for drinking water specifications. These international standards 

were established by the International Health Organization (Water Safety plan Manual WHO). The 
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results can also be compared with Table (5). As a result, these wells are unfit for household or 

drinking purposes. 

 

Figure (5) Magnesium before and after treatment for the two methods 

Table No. (5) WHO global standards for drinking water 

The highest limit allowed Permissible limits Chemical indicators 

9.2-6.5 8.5-7.0 PH 

200 75 Ca
+2 

650 200 Cl 

400 200 SO4
-2 

150 50 Mg
+2 

500 100 T.H 

 

Post-treatment chemical measurements 

     The electrical conductivity of these models after the treatment process is much lower than their 

conductivity before treatment due to the decrease in ion concentrations after the adsorption process 

on activated charcoal. The same chemical measurements were repeated for the well water samples 

under study after conducting the treatment process using activated charcoal as an adsorption media 

for ions. 

 

Figure (6) Chloride before and after treatment for the two methods 
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     Additionally, after treating well water samples with walnut shells a sustainable green treatment 

method—a decrease in electrical conductivity and ions was noted. This is because walnut shells 

were used again to treat water samples without causing environmental pollution from the use of 

chemicals that harm the environment. Tables (6) and (7) display the chemical measurements 

following the treatment process using walnut shells and activated charcoal. 

     The comparison between the two treatments showed that the activated charcoal treatment was 

relatively more effective. However, the performance of the walnut shell treatment could be 

improved by applying specific acid concentrations to enhance pore formation on its surface, thereby 

increasing its adsorption capacity for pollutants, (Yakout and Sharaf El-Deen, 2012). 

Table (6) Chemical measurements after the activated charcoal treatment process 

Well 

No 
Mg

+2
 

mg/l 

Ca
+2

 

mg/l 

K
+
 

mg/l 

Na
+
 

mg/l 

SO4
-2

 

mg/l 

Cl
-
 

mg/l 

EC 

µs/cm 
PH T.H 

1 98 171 3.6 44 502 67 1120 7.5 566 

2 76 155 2.4 41 388 51 962 7.3 510 

3 102 185 2.2 49 477 60 1099 7.4 614 

4 114 160 2.5 52 512 79 1234 7.5 630 

5 105 159 1.9 50 494 74 963 7.4 488 

6 95 147 2.3 46 464 56 912 7.3 524 

7 91 162 1.8 39 376 51 908 7.4 512 

8 87 167 2.6 52 402 48 1105 7.2 537 

9 60 136 1.6 32 294 39 514 7.4 322 

10 52 139 1.5 30 310 44 502 7.3 311 

11 64 129 1.1 24 225 32 480 7.4 340 

12 79 134 1.6 34 344 46 588 7.3 398 

 

Table (7) Chemical measurements after the processing of walnut shells 

Well 

No 
Mg

+2
 

mg/l 

Ca
+2

 

mg/l 

K
+
 

mg/l 

Na
+
 

mg/l 

SO4
-2

 

mg/l 

Cl
-
 

mg/l 

EC 

µs/cm 
PH T.H 

1 112 190 4.8 62 649 72 1408 7.7 590 

2 100 184 2.7 50 422 57 1246 7.5 562 

3 105 210 3.0 64 522 62 1350 7.7 631 

4 123 182 3.4 67 560 83 1438 7.6 653 

5 116 201 2.9 73 554 77 1806 7.6 524 

6 104 196 2.9 58 498 61 1155 7.5 586 

7 102 187 2.6 42 397 54 1218 7.4 547 

8 98 189 3.2 58 486 58 1344 7.3 572 

9 68 140 1.7 46 312 42 561 7.5 394 

10 54 145 1.8 33 345 48 542 7.3 365 

11 66 134 1.1 30 267 37 494 7.5 397 

12 84 151 2.0 44 405 50 601 7.4 436 
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Conclusions     

     According to the study's findings, the water in the study area's wells has a high level of hardness 

because it exceeds the allowable limit and has higher than average concentrations of calcium, 

magnesium, sulfate, and chloride before treatment. These findings provide proof that the water in 

the study area's wells is unfit for drinking and household use. The well water in this region has been 

divided into two categories for agricultural purposes: medium salinity irrigation water, which is 

appropriate for crops that can withstand salinity in moderation, and relatively high salinity irrigation 

water, which is limited to crops that can withstand such ratios. 

     Following the adsorption process using activated charcoal and walnut shells, the straightforward 

treatment method demonstrated that it is possible to improve the quality of the water entering 

domestic and agricultural uses, with some ion concentrations falling within internationally 

permissible limits. Activated charcoal is more effective than walnut shells when comparing the two 

therapy modalities. 
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Abstract 

The study explores the integration of the Green Internet of Things (IoT) into the development of 

sustainable and eco-friendly smart cities. It highlights the challenges posed by urbanization, such as 

pollution, congestion, and resource inefficiencies, and emphasizes the transformative role of IoT in 

creating innovative urban systems. Green IoT facilitates energy conservation, waste management, 

air quality monitoring, and efficient transportation through innovative applications and 

technologies. Key focus areas include leveraging renewable energy sources, optimizing resource 

utilization, and implementing eco-friendly technologies to reduce greenhouse gas emissions and 

promote sustainable practices. Despite its potential, challenges such as data management, security 

concerns, and the energy consumption of IoT devices persist, necessitating the development of 

advanced solutions. Case studies, including those in Singapore and Barcelona, illustrate the 

successful implementation of green strategies and technologies in urban environments. The paper 

concludes by emphasizing future research directions, including improving interoperability, 

managing electronic waste, and developing energy-efficient Internet of Things (IoT) frameworks to 

achieve smarter and greener cities. This research examines how the Green Internet of Things (IoT) 

can make our cities cleaner, smarter, and more sustainable. It explores how smart technologies can 

enhance everyday aspects such as energy use, waste management, and transportation. The goal is to 

develop greener cities that are more beneficial for both people and the planet. 

Keywords: Green IOT, Smart Cities, Eco-Friendly. 
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 الآفبق: للبيئت وصذيقت هستذاهت ركيت هذى أجل هياًترًيج الأشيبء الأخضر  في الاستثوبر

الوستقبليت والتحذيبث  

21/4/2025,  تاريخ القبػؿ 18/4/2025, تاريخ السخاجعة 30/1/2025تاريخ الإستلاـ   

 السمخص

في تصػيخ السجف الحكية السدتجامة والرجيقة لمبيئة.  (Green IoT) تدتكذف ىحه الجراسة دمج انتخنيت الاشياء الاخزخ   
وتدمط الزػء عمى التحجيات التي تفخضيا عسمية التحزخ، مثل التمػث، والازدحاـ، وعجـ كفاءة استخجاـ السػارد، مع التأكيج عمى 

 .الجور التحػيمي الحي يسكغ أف يؤديو إنتخنت الأشياء في إنذاء أنطسة حزخية مبتكخة
نتخنت الأخزخ لأششياء في الحفا  عمى الصاقة، وددارة الشفايات، ومخاقبة جػدة اليػاء، وتحديغ كفاءة وسائل الشقل مغ يداىع الإ   

خلاؿ تصبيقات وتقشيات مبتكخة. وتذسل مجالات التخكيد الأساسية الاستفادة مغ مرادر الصاقة الستججدة، وتحديغ استخجاـ 
ورغع الإمكانات الكبيخة  .بيجؼ تقميل انبعاثات الغازات الجفيئة وتعديد السسارسات السدتجامةالسػارد، وتصبيق تقشيات صجيقة لمبيئة 

ليحه التقشيات، إلا أف ىشاؾ تحجيات مدتسخة مثل إدارة البيانات، ومخاوؼ الأمغ الديبخاني، واستيلاؾ الصاقة مغ قبل أجيدة إنتخنت 
 .الأشياء، مسا يدتجعي تصػيخ حمػؿ متقجمة

الجراسات التصبيقية، مثل تمظ التي أُجخيت في سشغافػرة وبخشمػنة، التشفيح الشاجح للاستخاتيجيات والتقشيات الخزخاء في تُبخز    
وتختتع الػرقة بالتأكيج عمى اتجاىات البحث السدتقبمية، بسا في ذلظ تحديغ التػافق بيغ الأنطسة، وددارة الشفايات  .البيئات الحزخية

بذكل  .أشخ عسل لإنتخنت الأشياء ذات كفاءة عالية في استيلاؾ الصاقة، لتحقيق مجف أكثخ ذكاءً واستجامةالإلكتخونية، وتصػيخ 
عاـ، تفحز ىحه الجراسة كيف يسكغ للإنتخنيت الأشياء الأخزخ أف يجعل مجنشا أنطف، وأكثخ ذكاءً، وأكثخ استجامة، مغ خلاؿ 

 .تحديغ الشقل، بيجؼ تصػيخ مجف خزخاء أكثخ فائجة للإنداف والبيئة معًاتعديد الاستخجاـ الحكي لمصاقة، وددارة الشفايات، و 
 

Introduction 

   The increasing traffic and population growth in cities has become a significant issue that causes 

diseases, pollution, and other major environmental concerns. To overcome these problems, IoT-

based smart cities are proposed. The world's population is growing primarily due to improved living 

conditions and the widespread use of modern medications. With a population of over 11 million, 

there are 25 major cities worldwide, see Figure 1(Yang et al., 2021). This figure shows how future 

internet technologies and smart computing support smart city development. It highlights real-time data 

processing and decision-making, and 1.5 million people relocate to cities daily. The Internet of Things 

(IoT) is expected to contribute to developing smart cities, ultimately leading to a more intelligent 

world. The Internet of Things (IoT) plays a significant role in enhancing smart cities and affecting 

in different ways with its numerous applications for strengthening public transformation, reducing 

4عور إبراهين السيف     3رًب خبلذ صبري     2هبت عبذ الكرين صبلح     1لجيي يوًس عبذالقبدر  

 عة التقنية الشماليةقسم تقنيات الشبكات وبرمجيات الحاسىب، المعهد التقني المىصل، الجام 1

2 
 ةلمىصل، الجامعة التقنية الشمالي/اقسم هندسة تقنيات صناعات الكيمياوية والنفطية، كلية التقنية الهندسية 

 يةقسم هندسة تقنيات الامن السيبراني والحىسبة السحابية، الكلية التقنية الهندسية للحاسىب والذكاء الاصطناعي، الجامعة التقنية الشمال 3
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traffic congestion, creating cost-effective municipal services, keeping citizens safe and healthier, 

reducing energy consumption, improving monitoring systems, and reducing pollution, as shown in 

Figure 2(Almalki et al., 2023). Smart cities leverage the fact that many people use smartphones, 

creating a specialized network infrastructure equipped with various sensors and intelligent systems 

to collect and process information. However, the existing Internet of Things (IoT) in smart cities 

suffers from security challenges, increased traffic, high energy consumption, and a large number of 

IoT devices. Consequently, some critical issues related to IoT-based networks must be addressed to 

develop sustainable smart cities (Ketu and Mishra, 2022). 

 

 

 

 

 

 

 

 

 

 
 

In this respect, this essay discusses and presents the findings of different green concepts and 

potential future directions. First, various green IoT-supported smart city applications and platforms 

are explored. Next, green technologies, IoT platforms, and approaches supported by various green 

communication paradigms are explored. After explaining the various future direct applications, 

smart cities, and their supporting technologies, including IoT platforms and approaches, we have 

discussed several green directions for established smart cities and provided recommendations for 

future research. In summary, several future directions of green IoT are explored, including the 

interaction between the developed smart city and the transformed green smart city in IoT-WMSNs 

for green IoT-supported smart city solutions. Existing and promising approaches for green smart 

cities are also presented (Rani et al., 2022). 

1.1. Background and Rationale 

Green IoT is rapidly growing and offering benefits to the world. Factors such as the low cost of 

devices and hardware, increased software usage, and the emergence of new business models drive 

this phenomenon. Green IoT focuses on controlling energy resources, waste management, air 

pollution, transportation, and water quality. It covers hardware, software, communication protocols, 

and security for eco-friendly smart cities. However, research is needed to effectively manage Green 

IoT in smart cities and enhance energy efficiency, software, and security protocols (Albreem et al., 

2022; Ahmetoglu et al., 2022). 

In the Industry 4.0 era, smart cities built on the Internet of Things (IoT) are experiencing rapid 

growth. Connected healthcare services for smart cities exemplify this paradigm shift. The feasibility 

of smart smart-related towns and services is demonstrated. There is global pressure to develop 

sustainable cities on an international scale. These cities require continuous systems, services, and 

applications to optimize the utilization of their infrastructure. With over 70% of the population 

Figure 1: Future Internet and smart computing. 
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expected to live in urban areas by 2050, improving the rural-urban lifestyle is essential, with a focus 

on sustainability. Cities will utilize fewer resources and operate more efficiently in the IoT era, 

while maintaining a reasonable quality of life for residents (Ren et al., 2023; Mahtta et al., 2022). 

1.2. Scope and Importance 

Cities globally are tackling environmental issues caused by excessive greenhouse gas emissions. 

The effects of global warming and climate change are affecting urban populations. Smart cities are 

being proposed as a solution for efficient energy management and reducing carbon footprints. The 

Internet of Things (IoT) is crucial to future smart cities, aiding automated decision-making. 

However, little attention has been given to green technologies in the research on smart cities. It is 

essential to prioritize green technologies in future smart cities. Green IoT, the intersection of IoT 

and green technologies, can lead to eco-friendly and sustainable practices, offering benefits in terms  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2: Smart city applications 
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of power consumption and reduced electromagnetic field exposure. This opens up opportunities for 

green IoT in various aspects of life, such as sensor devices, networking, data transmission 

techniques, transportation, health cloud, smart factories, underwater sensor networks, and security 

and privacy. Green IoT can be implemented at different levels to promote economic development 

(Kim et al., 2021) (Chen et al., 2022). 

Figure 2 presents key smart city applications such as energy management, transportation, and waste 

control. It shows how IoT improves city sustainability and services. 

1.3. Big Data Management 

Managing the massive volumes of data generated by IoT devices requires a combination of efficient 

storage architectures and advanced processing techniques. One key strategy is integrating sharded 

blockchain systems, which allows parallel and distributed data storage, enhancing scalability and 

performance in innovative building environments (Zheng et al., 2024). Additionally, hybrid data 

management systems that combine edge, fog, and cloud computing are critical in minimizing 

latency and optimizing resource use, especially in logistics and supply chain applications (Zrelli and 

Rejeb, 2024). To tackle database-specific challenges, solutions such as dynamic indexing, real-time 

filtering, and data deduplication have been proposed to handle IoT data's high volume and velocity 

(Fazil, 2024). IoT frameworks integrated with big data analytics enable proactive decision-making 

and automation in industrial management contexts, reducing processing overhead. Finally, 

systematic data lifecycle strategies—including selective retention, compression, and archiving—are 

crucial to maintain performance and cost-efficiency in industrial IoT platforms (Mu et al., 2024). 

IoT devices are rapidly increasing, with projections reaching over 30 billion by 2030, significantly 

impacting global energy consumption. Green IoT mitigates this by using low-power technologies 

like edge computing and energy harvesting. These methods can reduce device energy use by up to 

35%, supporting sustainability and scalability in smart environments (Zheng et al., 2024). 

Integrating Green IoT technologies into urban planning requires comprehensive policy frameworks 

that promote sustainability, data governance, and wise infrastructure investment. Governments play 

a crucial role by setting regulatory standards, incentivizing eco-friendly innovation, and funding 

research in low-energy IoT applications (Pliatsios et al., 2023). Urban policies must also address 

interoperability, data privacy, and e-waste management to ensure long-term viability. For instance, 

Singapore's innovative city model demonstrates how public policy and digital governance can 

accelerate green technology deployment in transportation and energy systems (Quah and Tan, 

2022). Collaborative efforts between policymakers, academia, and industry are vital for 

transforming cities into sustainable, innovative ecosystems. 

2. Green IoT in Smart Cities 

IoT for smart cities is a new sensor network level that monitors, manages, and controls the smart 

city environment. The constant expansion of smart city applications has increased energy 

consumption and electromagnetic pollution. The increasing number of smart city applications and 

actuator devices can lead to a higher energy consumption rate and increased CO2 emissions. The 

concept of Green IoT has garnered considerable attention for reducing the hazardous impact of 

smart cities. Green IoT offers a novel approach to creating cost-effective, eco-friendly smart cities 

(Aliero et al., 2021). 

Green IoT reduces the energy consumption of devices in smart cities, creating a sustainable and 

eco-friendly environment. It enables cities to adapt to demand, reduce energy consumption, and 

minimize environmental impact. Traditional IoT focuses on user experience, while Green IoT 

prioritizes energy reduction and environmental impact. Developing easy-to-implement Green IoT 
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solutions using common machine-learning approaches is a critical challenge in smart cities. 

Individuals can program Green IoT applications using existing resources. Traditional IoT systems 

focus primarily on functionality and connectivity but often overlook energy efficiency, leading to 

high power consumption and increased environmental impact. In contrast, Green IoT integrates 

energy-saving protocols, efficient data transmission, and eco-friendly design principles, resulting in 

significantly lower carbon footprints (Almalki et al., 2023). Studies show that Green IoT can reduce 

energy usage by up to 40% in innovative city applications compared to conventional IoT models 

(Roy et al., 2023). Moreover, Green IoT emphasizes device longevity, responsible e-waste 

handling, and sustainable urban integration. This makes it a more effective and sustainable option 

for future smart city development. 

2.1. Environmental Benefits 

Smart cities utilize IoT technologies to address living, social, and economic challenges. They 

monitor resources like electricity, energy, water, and air. These cities are environmentally friendly 

and sustainable. Energy-efficient IoT sensors collect data from various areas, reducing travel time 

and emissions. Smart cities also use recycled waste for environmental solutions (Oberascher et al., 

2022). 

Implementing powerful technologies drastically improves smart cities' environmentally friendly and 

sustainable urban living and surroundings through waste management, renewable energy, and 

reduced carbon emissions. Another way to reduce electricity usage is through renewable energy 

assets, often resulting in lower electricity consumption. Utilizing these energy sources in smart 

cities can make them earthquake-resistant and environmentally friendly. Encouraging smart cities in 

this way can support many other emergency or goodwill intentions, folks to apply renewable power 

sources at their home level or in different uses to produce non-electric units, e.g., bio-gas (for 

cooking, lighting, heating, etc.), bio-fertilizer, a mixture of petrol or diesel used in machinery at 

industries, etc. Monitor and track pollution or environmental stress and inform the people using a 

mobile application or information screen (such as LED screen in bus stations, railway stations, and 

other public places or alert by siren in case of emergency) about the view of safe places (Almalki et 

al., 2023) (Blasi et al., 2022). 

2.2. Challenges and Limitations of Eco-Friendly and Sustainable Smart Cities 

Although several benefits of Green IoT have been discussed, various challenges need to be 

addressed in smart cities to implement IoT for a sustainable environment; Figure 3 illustrates the 

rapid growth of connected devices expected by 2025. It emphasizes the challenges of handling large 

data volumes and energy use. The total number of active device connections globally—a large 

statistic used in communications—is projected for 2025 and used by large data. One of the main 

challenges is that many smart objects and intelligent devices can produce a significant volume of 

data. To manage large volumes of data, machine learning techniques can effectively approach big 

data. Various data analytic solutions can be adopted, including filtering, random sampling, 

smoothing, dimensionality reduction, clustering, etc. Another challenge is ensuring the quality of 

big data, which can be contaminated by random, partial, and other types of noise. Several open 

research issues are associated with false positive and false negative decisions, data outliers, and 

novelty (Benhamaid et al., 2021). 
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The possibility of using IoT as a hit-and-sleep solution is explored to address the primary 

challenges associated with power consumption in wireless IoT. Other challenges, such as the 

lifespan of batteries and the disposal of these devices when they become non-operational, can also 

be explored. Security and privacy challenges are related to unauthorized access to data, devices, and 

services. Several solutions have been adopted, including firewalls, encryption, and VPNs, to 

address the challenges associated with security. A good policy is to keep the content close to the 

user, provided that e-waste is managed correctly so that the device and network elements can be 

reconditioned, rehabilitated, or recycled, ensuring open research. It is essential to raise awareness 

among the population about the proper management of e-waste. E-waste is a serious and growing 

problem, and addressing it has become increasingly urgent. Governments and businesses are 

working to implement the policies and standards necessary to sustainably and responsibly manage 

these devices. Many users must toss their devices haphazardly into the waste bin (Razip et al., 

2022) (Farjana et al., 2023). 

Effective implementation of Green IoT technologies requires addressing interoperability challenges 

among heterogeneous systems, which hinder seamless data exchange and integration. One major 

concern is the vulnerability of IoT ecosystems to cybersecurity threats, including unauthorized 

access and data breaches, especially in cloud-based environments (Pliatsios et al., 2023). Moreover, 

many low-power IoT devices face energy efficiency limitations due to battery constraints and 

suboptimal communication protocols (Aliero et al., 2021). Researchers propose adopting semantic 

standards, decentralized architectures, and secure, lightweight encryption models to mitigate these 

issues. These strategies balance performance with sustainability, ensuring resilient and scalable 

smart city deployments. 

2.2.1 Technology Concerns 

Smart cities often fall short of their goal of being efficient and sustainable. They fail to implement 

good infrastructure, energy efficiency, and resource allocation. This limits the sustainability of 

urban society and neglects the importance of resource sustainability. Additionally, the technological 

capabilities of smart cities are often not fully realized, particularly in handling large amounts of data 

(Aurigi et al., 2021). 

2.2.2Interoperability 

There is a growing interest in eco-friendly smart cities. Information technologies play a crucial role 

in solving urban challenges. However, interoperability among smart city solutions remains a 

concern. This relates to the ability of systems to exchange and use data. Government interference 

and limited participation are also obstacles. To improve citizens' quality of life and achieve 

Figure 3: Total number of active device (IoT and Non-IoT) connections worldwide 
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inclusive prosperity, the president should focus on the unique features of these places to enhance 

economic growth (Pliatsios et al., 2023). 

3. Related works 

In 2022, S. Krishnapriya et al. highlighted the significance of IoT-based systems in creating smart 

cities that are efficient in resource management and contribute to improved quality of life for 

residents through enhanced environmental monitoring, waste management, lighting efficiency, 

pollution control, and traffic management (Sudhakaran et al., 2022). 

Abhay et al., in 2023, emphasized the importance of transitioning towards Green IoT for eco-

friendly and sustainable smart cities. They highlighted traditional IoT technologies' challenges, such 

as power consumption, pollution, and e-waste generation, and stressed the need for environmentally 

friendly smart city applications (Chaturvedi et al., 2023). 

Siddhartha Roy et al., in 2023, delved into the concept of green Internet of Things (IoT) for eco-

friendly and sustainable smart cities and discussed how IoT technologies can be leveraged to enable 

sustainable practices in various urban aspects such as energy management, waste management, 

transportation, and urban planning, also discusses the significance of addressing issues like 

pollution, traffic congestion, energy consumption, public safety, resource management, and cost-

effectiveness through the implementation of Green IoT strategies. These strategies aim to enhance 

quality of life, ensure environmental sustainability, and make cities smarter and more eco-friendly 

(Roy et al., 2023). 

Sangram and Milind, in 2023, used RFID and IoT technologies to implement smart solid waste 

collection systems in Pune, aiming to make the city eco-friendly and smart and develop sustainable, 

innovative technology to achieve 100% household collections and transportation and treatment of 

waste so that to minimize waste to send landfill side (Patil and Gidde, 2023). 

Naik et al., in 2023, discussed the significant impact of Internet of Things (IoT) devices and 

applications in today's information society and also highlighted how IoT enables the automation of 

research and development processes through the use of cutting-edge technologies like smart 

sensors, smartphone-based instruments, and seamless networking (Bhaskar et al., 2023). 

Nesma Abd El-mawla et al., in 2023, suggested that by embracing eco-friendly IoT solutions, smart 

cities can not only address current environmental challenges like e-waste management, climate 

change adaptation, water crises, and natural disaster management but also pave the way for a more 

sustainable and interconnected urban future (El-Mawla and Badawy, 2023). 

Rahaman and Azharuddin, in 2024, explored the integration of green IoT technologies in urban 

infrastructure for sustainable development. It identifies key challenges, including technological 

integration, data management, privacy concerns, and high implementation costs. The benefits 

include improved resource efficiency, enhanced public services, and economic growth. The study 

concludes that despite existing challenges, the long-term advantages make green smart cities a 

promising direction for urban innovation (Rahaman and Azharuddin, 2024). 

Siddhartha Roy discussed techniques in 2024, including AI-driven smart buildings, renewable 

energy models, IoT deployment for sustainability, predictive analytics for infrastructure, and 

optimizing transport mobility in smart cities using green computing technology (Roy, 2024). 

Aman et al. proposed a Green Internet Architecture (GIA) to integrate IoT technologies with eco-

friendly practices in smart cities. The system utilizes ecological sensors, cloud computing, and 

Blockchain to reduce energy consumption and carbon emissions. This approach promotes 

sustainable resource management and long-term urban viability (Aman et al., 2024). 
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Adaramola et al. discussed integrating Green IoT with environmental sustainability to enhance 

resource management in smart cities. They highlighted using real-time data and interconnected 

sensors to optimize energy, water, and waste systems. The study also emphasized the role of Green 

Fintech in promoting sustainable investments and reducing environmental impact (Adaramola et al., 

2024). 

4. Energy Management in Smart Cities 

Smart cities must be eco-friendly and use power efficiently due to the increasing use of electrical 

gadgets. Energy generation is crucial for meeting power requirements, and utilizing limitless energy 

sources can help mitigate power waste. While coal, oil, wind, water, and solar cells are used for 

power generation, they also release greenhouse gases that are not eco-friendly. Smart communities 

are now focusing on harnessing inexpensive power with minimal environmental impact. Green 

power technologies aim to harness renewable resources to keep pace with modern advancements. 

These communities promote sustainable energy preservation by effectively harnessing renewable 

power. Utilizing renewable energy for homes will contribute to the sustainability of green cities 

(Humayun et al., 2022) (Ismail et al., 2025). 

Energy management differentiates between energy needs and budgets, utilizing available resources 

and minimizing consumption. Effective management satisfies eco-friendly energy needs with 

renewable resources and minimal greenhouse gas emissions. Green cities integrate renewable 

resources and adaptable load infiltration for optimal production. Urban "smart energy" management 

is key in mitigating climate change (Razmjoo et al., 2022). 

4.1. Renewable Energy Sources 

A sustainable city relies on clean, renewable energy sources, which reduce costs and minimize 

pollution. Renewable energy is also efficient for low-power devices and has a positive 

environmental impact. Solar, wind, and other sources, such as RF, are used. Sunlight is particularly 

promising for modern networks (Ezhiljenekkha and MarsalineBeno, 2020). 

Smart cities must prioritize environmental considerations during their development. Carbon 

emissions, transportation, water, and energy management are crucial for sustainable development. 

Waste, air, water quality, and CO2 reduction are also important. To combat urban pollution, cities 

should adopt multifaceted approaches that generate renewable energy. Energy revival plays a key 

role in supporting eco-friendly monitoring. This is achieved through renewable techniques and 

energy-harvesting tools (Javed et al., 2021). 

4.2. Proposed Quantum IoT Architecture for Smart Cities 

Figure 4 illustrates a new conceptual framework for an energy-based quantum IoT network 

architecture. This figure proposes a layered quantum IoT architecture for smart cities. Each layer 

manages different tasks to improve energy efficiency and sustainability. The design has four layers, 

each assigned specific tasks within the network. These layers are essential for facilitating 

sustainable operations in smart cities (Mishra and Singh, 2023).  
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5. Transportation Systems in Smart Cities 

Transportation infrastructure is a significant problem in smart cities. To support the increasing 

demand for public transportation, smart cities will implement more public-private collaboration in 

public transportation, bike-sharing, and electric scooter services, among others. There are various 

aspects of the public transportation system, some of which are as follows (Kuo et al., 2023): 

1. Smart Management of Mass Transit System: The integrated management of the Intelligent 

Transportation system in a metropolitan city has proven efficient for making essential operational 

decisions through the smooth interaction of sensor data, inaccessible traffic control systems, and 

mass transit systems. With the increasing residential and working density in the core areas of 

metropolitan cities, the effort to improve transportation systems has led to a significant rise. Data 

from smartphones and social media servers is also used to manage mass transit systems. In a 

metropolitan city, travel times have varied significantly (Gohar and Nencioni, 2021). 

2. Smart Parking Applications: The implementation of smart parking applications is widespread in a 

few big cities. The various available parking options can directly help reduce traffic congestion in 

megacities. Many projects should focus on a variety of big-data approaches that suggest where the 

parking avenues are still less crowded. For instance, a new airport in Montevideo has parking 

directed by field sensors. It displays guides in personal homes and analysts, revealing free parking 

spots in blue (Vaslavskaya et al., 2023). 

3. Smart Traffic Management: Smart city foundations will establish intelligent signals around major 

public intersections. Traffic lights would be prepared to accept the initial contingent of vehicles 

entering to speed up traffic. If returning foreign ministers are not required by a junction, three 

vehicles will be notified after some time. Smart facility organizations should include individual 

Figure 4: An energy-based quantum Internet of Things (IoT) network architecture 

designed to create sustainable smart cities. 
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infrastructure vehicles among their top devices. System mediators allow sites such as airports and 

traffic districts to check when the light is green for them to go (Gonzalez et al., 2020). 

5.1. Public Transportation Infrastructure 

The growth of cities promotes the use of individual vehicles for transportation, increasing the 

number of cars and motorcycles in urban areas. Developing public transportation infrastructure is 

crucial for sustainable mobility in smart cities. Cities like Curitiba, Bogotá, San Francisco, and 

Paris reduced car usage by improving conditions for walking or using non-motorized transportation 

and deploying BRT systems. Prioritizing public transportation infrastructure doesn't negate the need 

for compact, mixed-use, and multifunctional urban areas. Traffic accidents cause 1.35 million 

deaths annually, with pedestrians and cyclists being the majority. Livable streets are urgently 

needed to reduce traffic problems and decrease car dependency. Bikeable cities like Copenhagen 

and Malmö offer low-cost, comfortable cycling infrastructure. Car-sharing and bike-sharing 

programs also decrease car dependency (Cugurullo et al., 2020). 

5.2. Smart Traffic Management 

Efficient traffic management is crucial for any smart city. Various strategies and technologies have 

been developed, such as parking information systems, vehicle-to-infrastructure communication, and 

reservation-based parking management. Let's discuss top traffic management strategies for 

transportation optimization in big cities or smart cities. Result: 190 characters (Lee and Chiu, 2020). 

Automated Traffic Light Signal System (ATLSS): Researchers propose enhancing traffic 

management by leveraging real-time traffic density and vehicle-to-vehicle or vehicle-to-

infrastructure communication. ATLSS adjusts light duration based on vehicle count at intersections, 

reducing congestion in urban centers (Zeadally et al., 2020). 

Smart parking informs people about parking availability and costs, reducing traffic and crises in big 

cities and tourist areas. It utilizes applications and smartphones to manage urban parking spots and 

provide availability on terminals and smartphones. These parking spaces can be promoted near 

commercial zones or event venues. Many parking managers and government authorities use 

electronic parking meters to collect and send parking space information to servers (Canli and Toklu, 

2022). 

6. Waste Management and Recycling in Smart Cities 

Municipal waste is a priority in urban waste management. Smart cities use different disposal 

strategies. Solid waste management applies TCFM-EWM principles. Recycling is essential for a 

clean environment. A legal framework, innovative strategy, and optimized processes contribute to 

creating clean cities. 

Smart cities implement control measures for waste management and recycling. However, these 

measures are not comprehensive due to the complexities involved. This analysis examines various 

approaches and the necessity for technological advancements in waste management and recycling. 

This includes legislation and schemes to reduce automotive waste, evaluations for construction 

projects, and a landscaping system designed to improve recycling. Sorting materials before 

recycling has been proven to reduce pollution. We also analyze special facilities for handling 

hazardous waste and assessing compliance with recycling (Lange, 2021). 

7. Water Management and Conservation in Smart Cities 

Desalination is a global topic in water management. ECM adoption can convert wastewater into 

emission-free energy, resulting in cost savings. Current desalination technologies have limitations, 

so future research should focus on waste heat recovery. "Green" materials are necessary to mitigate 



71 
 

the toxicity associated with specific desalination techniques. This chapter highlights eco-friendly 

methods to convert city waste into energy with zero emissions. The ECD cycle treats organic waste 

and produces biogas for power generation, reducing reliance on non-renewable energy sources. 

Using biogas also cuts logistics costs for waste treatment. Additionally, treated water can be reused, 

reducing freshwater usage. This progress will make the eco-friendly Smart City a notable 

technological milestone (Diaz-Secades et al., 2023). 

8. Urban Planning and Design for Sustainability 

When planning and designing for urban sustainability, there are techniques to adopt, such as 

integrating Service Oriented Architecture (SOA) into the Smart city network for easy integration 

and updating of sensor systems. Mixed-use zoning stimulates non-motorized transportation and 

social interaction. Incorporating parks and green spaces within urban areas improves oxygen levels 

and enhances urban livability (Mishra and Sarkar, 2022). 

Sustainable cities integrate economy, environment, and community with replicable management. 

This creates a harmonious urban area that fulfills ecological, productive, and social aspects. Social 

urban planning constructs a sense of place, interaction, and cooperation. It addresses multi-function 

cities, business activity, land use, and partnerships (Quijano et al., 2022). 

8.1. Mixed-Use Zoning 

Mixed-use zoning has gained interest as it creates better urban spaces for living, working, and 

recreation. It stimulates urbanization and sustainable growth. It can help address diverse needs and 

prevent the underutilization of land. Mixed-use zoning is becoming increasingly influential in smart 

cities, contributing to improved environmental quality and reduced harmful emissions. Smart cities 

integrate technology and the Internet of Things (IoT) with mixed-use zones, encompassing 

residential, retail, and office areas. This offers unified development, efficiency, and diverse 

resources. Ultimately, mixed-use zoning can lead to happiness and common goals (Grace et al., 

2023). 

8.2. Green Spaces and Parks 

Urban spaces are often covered with concrete, which can harm human lives. Green spaces and parks 

offer numerous benefits, including air purification, noise reduction, and wildlife habitat. They are 

crucial for maintaining ecological balance and sustainability. Green belts and parks also help absorb 

CO2, preserving the environment (Liu and Russo, 2021). 

A green belt with park facilities serves as a space for sports, recreation, education, tourism, and 

aesthetics. It is important for the environment and quality of life in residential areas. Urban parks 

modify microclimates and provide comfort during temperature increases and air pollution. 

Makassar boasts large parks and city forests, complete with amenities such as jogging tracks, sports 

arenas, and gardens. These areas have also developed other public facilities (Rosso et al., 2022). 

9. Case Studies of Eco-Friendly Smart Cities 

This paper presents, analyzes, and discusses the complexity of smart city concepts and eco-smart 

city tendencies in a generic sense. Other studies have confirmed the importance of advanced 

technologies in building a truly smart city. Still, they have also emphasized the critical role of 

residents' involvement, openness, good governance, and other issues. Furthermore, numerous 

researchers worldwide have repeatedly demonstrated that an "ordinary" smart city can often provide 

higher comfort, quality, and safety than a city solely focusing on green or eco-considerations. This 

supports the thesis that energy-saving does not necessarily have to be strictly associated with new 

technologies, but rather with new ecological manners and lifestyles likely to become permanent 

features of contemporary cities. 
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With these strong interpretations in mind, this paper presents and analyzes dozens of case studies 

and reviews solutions aimed at eco-friendly and sustainable urban tech park, spa, or resort design. 

These studies originate from some of the most polluted cities in the world, including Bengaluru in 

India and Chongqing in China, as well as Scandinavian cities such as Oulu and Oslo, which serve as 

models for modern, ecologically oriented urban policies. However, in the bottom-line section, two 

highly technological Metropolitans are discussed: the Esch-sur−Alzette Metropolitan Area in 

Luxembourg, which focuses on upgrading and repurposing former heavy industry locations, and the 

Punggol Digital District in Singapore, which showcases the design and construction techniques of a 

truly modern eco-friendly urban area at the district level (Liow and Sam, 2023) (Quah and Tan, 

2022). 

9.1. Singapore 

Singapore is considered the world's first eco-friendly smart city. It is a state and a city in the 

western Pacific. It is located at a crossroads of the world's major transportation routes. Singapore 

boasts numerous blocks, breathtaking green spaces, rich natural surroundings, and vibrant dining 

and shopping districts. The Ministry of the Environment and Water Resources (MEWR) works to 

create a livable and sustainable environment, ensuring a steady supply of clean water to the people 

of Singapore. Singapore has proposed eco-friendly initiatives, including regulating environmental 

auditing, enhancing performance in nature parks, and promoting ecological restoration. Singapore 

has a smart approach to transportation. The Singapore government has introduced policies to invest 

substantially in improving and updating public transportation infrastructure, encouraging reduced 

road usage. The momentum behind electric vehicles is beginning to gain traction. Singapore 

encourages its citizens to drive fuel-efficient or electric hybrid vehicles. Singapore is mostly a state 

composed of citizens who value the cultural traditions of their ethnicities (Arya, 2023). 

9.2. Barcelona 

Following an urban development plan in 1859, Barcelona implemented a system to protect its 

natural resources, consisting of interconnected parks. This approach facilitated urban expansion 

with square blocks, providing better solar exposure and mid-to-high residential densities to reduce 

sprawling pollution caused by commuter traffic. The city built water channels to overcome the 

water shortages and dramatically reduced leakages and consumption thanks to public policies and 

local water companies. The Eixample is a good example of excellent urban growth since then 

(Lopez-Morell et al., 2024). 

Between 1858 and 1929, the population of the city had quintupled to 1 million, and the 

octogenarian city walls had been successfully replaced by the not-so-newly incorporated Eixample, 

a 7.5 km2 enlarged city grid and the conspicuous proof that Cerdà's planners had put a lot of 

intellectual resources into creating a new city outside the walls. However, Eixample took fifty years 

to complete when the first sporadic buildings were built along the northern side of the Gran Via, 

accompanied by a few properties along its southern limits (Smith and Smith, 2023). 

Tiled street names refer to the pre-expansion agricultural fields each new wealthy urbanized 

resident had bought for not-so-uninteresting profit. Cerdà's new radial city was developed in various 

phases with corresponding architectural styles, allowing citizens to choose Eixample neighborhoods 

with a particular architectural identity. Cerdà thought the streets would look identical regardless of 

the buildings, but local architectural design made all the difference (Schenk, 2023). 

Urban life flourished for the citizens of the Eixample. Car traffic was limited, and to address the 

issue of the new Eixample's water shortage, exits were constructed from the city to the Besòs and 

Llobregat streams, each equipped with a filtration plant (Rodriguez-Rey, 2022). 
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Abstract 

         With the aim of reducing or stopping the threats to ecosystems, the current study was designed to 

investigate the ability of the tannase enzyme purified from the local isolate of ascomycete fungus 

Helvella bachu in reducing the most dangerous toxin aflatoxin B1, using high-performance liquid 

chromatography technique, aflatoxin B1concentration was reduced to 3.4 ng/ml. Tannase enzyme 

analyzed the aflatoxin into two compounds in terms of the appearance of two peaks at a retention time 

2.08 minutes and 4.59 minutes, with a residual area percentage 13.8 and 86.6% respectively, compared 

to standard aflatoxin, which appeared with one peak at a retention time 4.79 minutes. The 

concentration of aflatoxin decreased to 1.2 ng/ml using the crude enzyme compared to aflatoxin before 

treatment 1.32 µg/ml at the same retention times for the purified enzyme with a difference in the 

remaining area 45.8 and 54.2% respectively. Moreover tannase enzyme analyzed the aflatoxin into two 

new compounds . The ability of tannase enzyme to  remove a number of industrial dyes was also 

evaluated in a period of time ranging from (6-48) hours, the results showed that the enzyme was able 

to remove 100% of the dyes: Reactive Yellow, Indigo Carmina, and Orange G. but with varying 

percentages of the other dyes used after 48 hours of enzyme treatment. 

The aim of this study was investigate the ability of the purified tannase enzyme from the ascomycete 

fungus Helvella bachu to treat aflatoxin B1 and number of industrial dyes. 

Keywords: Tannase enzyme, Aflatoxin B1, industrial dyes, Helvella bachu . 
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 الولخص

 بيجؼ التقميل أو إيقاؼ التيجيجات التػي تتعػخض ليػا الأنطسػة البيئيػة صػسست الجراسػة الحاليػة لمتحػخي عػغ قػجرة انػديع التػانيد السشقػى مػغ
الأشج خصػرة باستخجاـ تقشية كخوماتػكخافيػا الدػائل  B1في إختداؿ سع الأفلاتػكديغ  Helvella bachu العدلة السحمية لمفصخ الكيدي 

نانػغخاـ/ مل , كسا  قاـ الانديع بتحميل الافلاتػكديغ الى مخكبيغ بجلالة ضيػر قستػيغ عشػج زمػغ  3.4عالي الاداء حيث قل تخكيده ليبمغ 
% عمػػى التػػػالي بالسقارنػػة مػػع الافلاتػكدػػيغ القياسػػي والػػحي 86.6و13.8دقيقػػة وبشدػػبة مدػػاحة متبقيػػة  4.59دقيقػػة و  2.08احتجػػاز 

مػػل باسػػتخجاـ الإنػػديع  /نػػانػغخاـ  1.2دقيقػػة . فػػي حػػيغ إنخفػػس تخكيػػد الافلاتػكدػػيغ الػػى  4.79ضيػػخ بقسػػة واحػػجة عشػػج زمػػغ احتجػػاز 
مل عشج نفذ ازماف الاحتجاز للإنػديع السشقػى مػع الاخػتلاؼ فػي السدػاحة  /مايكخوغخاـ  1.32مة الخاـ مقارنة بالأفلاتػكديغ قبل السعام

% عمػػى التػػػالي وتسكػػغ مػػغ تجدئػػة الدػػع الػػى مػػخكبيغ ججيػػجيغ . كسػػا تػػع تقيػػيع قػػجرة الانػػديع عمػػى ازالػػة عػػجد مػػغ 54.2و 45.8الستبقيػػة 
 Reactive% لكل مغ الربغات  100تسكغ إنديع التانيد مغ إزالة  ( ساعة اذ48-6الاصباغ الرشاعية في مجة زمشية تخاوحت بيغ )

yellow  وIndigo Carmina وOrange G  ساعة عمى السعاممة بالإنديع. 48وندب متفاوتة لمربغات الأخخى السدتخجمة بعج 
 .Hevella bachu , الاصباغ الرشاعية,B1إنديع التانيد, الأفلاتػكديغ  الكمسات السفتاحية :

 
Introduction 

         Environmental pollution has been and is still increasing at a rapid and alarming pace due to 

the increase in human activities resulting from the population explosion, unsafe agricultural 

practices, unplanned urbanization, deforestation, rapid industrialization and unwise use of energy 

reservoirs and other human activities, not to mention the huge increase in toxic wastes that are 

thrown into the environment every day indiscriminately due to industrial activity and human 

dominance over the natural resources of the earth, all of which imposed on us the fact that the 

consumption of chemicals has become an inevitable matter at present time(Vaksmaa, et al.,2023). 
Among pollutants that present environmental and health risks due to their toxicity that worry 

environmentalists include: chemical fertilizers, heavy metals, types of plastic, pesticides, herbicides, 

industrial dyes, and hydrocarbon compounds such as oil and its derivatives(Abdel-Shafy and 

Mansour, 2016) , that prompted specialists and researchers in this field to follow safe methods away 

from chemicals and apply them in various industrial fields, the most important of which are 

enzymes purified from natural sources such as bacteria, algae, yeasts and fungi. The tannase 

enzyme came at the forefront of these enzymes, which gained the attention of many researchers. 

Tannas enzyme which also know Tannin acyl hydrolase (E.C 3.1.1.20) is an important extracellular 

fungal enzyme in biotechnology. It can be produced from different microbial bio sources. Tannase 

has many advantages, such as its ease of production by submerged cultures or solid-state 

fermentation using low-cost agricultural waste, its tolerance to a wide range of temperatures and 

pH, and its high ability to hydrolyze toxic tannins and convert them into simpler and less harmful 

compounds glucose and gallic acid. Therefore, it has been widely used globally in industrial and 

food applications such as clarifying beverages and removing bitter taste, improving feed quality, 

increasing the nutritional value of bean powder, as well as removing multiple phenolic compounds 

from wastewater (Albuquerque, et al., 2020), in addition to environmentally friendly industrial 

applications, bioremediation, and medical fields. It is worth noting that the use of enzymes 

extracted from fungi represents one of the  technical developments in bioremediation to reduce the 

time of bioremediation and simplify the process further. Fungal biomass can also be used directly 

on pollutants (Shome, 2020). 

Bioremediation is promising, innovative, environmentally friendly and technology for controlling 

polluted environments. It is successful ,an  attractive cleaning technology for removing many toxic 

wastes from polluted environments by degrading or detoxifying various hazardous physical and 

chemical wastes from the environment through the biological activities of microorganisms at low 

cost and without secondary pollution. Fungi play important roles in biological treatment 
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(bioremediation) of pollutants, especially permanent organic pollutants, such as pharmaceuticals 

,dyes, leather tanning waste, coal, personal care products, polycyclic aromatic compounds (diesel 

and kerosene) and industrial wastewater. So, fungi take all these type pollutants as substrates and 

decompose them effectively to get nitrogen , carbon or energy which they need for their metabolism 

(Tomer et al., 2021). Due to the importance of the topic, this study was designed to investigate the 

ability of the purified tannase enzyme from the ascomycete fungus Helvella bachu to treat aflatoxin 

B1 and number of industrial dyes. 

 

Materials and methods 

1.Test organism 

The research experiments were done using the ascomycete Helvella bachu, which was 

morphologically and molecularly characterized by (Al-Rawi & Abdul-Hadi, 2022). 

The fungus fruiting bodies figure (1)  were obtained from Al- Nimrud area, which is located 30 km 

south of Mosul city, Iraq. H.bachu fruiting bodies were  transport to the laboratory and then washed  

several times with tap water until clean. The culture cabinet was prepared by sterilizing it with 70% 

ethanol. H.bachu fruiting bodies were cut from different parts, stem, cap, and heart of it, using a 

sterile scalpel into small pieces. The pieces were sterilized by immersed in 70% ethyl alcohol for 3 

minutes, after which they were transferred using sterile forceps with alcohol to a volumetric beaker 

containing sterile distilled water (D.W) for 5 minutes to remove trail of alcohol. Then the fruiting 

body pieces were loaded onto sterile filter papers, type Whatman No. 1, and left  them to 

completely dry. The different fruiting body pieces were cultured in sterile Petri dishes which were 

containing Potato Dextrose Agar (PDA) culture medium. The inoculated dishes were incubated 

after covering them with foil paper in the incubator at a temperature of 28 ± 2º C for 5-10 days until 

dense, pure fungal hyphae were obtained during this period (Rana, 2016). 

 

Figure 1: Morphological and microscopic diagnosis of the selected local fungal isolate, a: asci 

and paraphysis at 40X magnification, b: fungal colony on culture medium, c-d: cyst spores 

under the light microscope after staining with lactophenol. e-f: fruiting body. 

 

2. Purified tannase enzyme 

Tannase enzyme was purified to homogeneity by the following steps: precipitation with ammonium 

sulfate, dialysis, DEAE-Cellulose ion exchange chromatography, the last purification step in which 
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the enzyme was purified to homogeneity was devoted using Sephadex-G150 gel (Al-rawi & Abdul-

Hadi,2022). 

 

3. Potato Dextrose Agar (PDA) culture medium 

To  prepare the culture medium  , dissolving 39 g of PDA powder in 1 L of distilled water , mixing 

well  until complete dissolution, adjusting the pH to 5.6. The prepared medium was sterilized by 

autoclaving at 121 °C and 1 atmosphere pressure for 15 minutes. 250 mg/liter of  the antibiotic  ( 

Chlormphenecol) which was sterilized with a membrane filter with a diameter of 0.45 microns, this 

antibiotic  added to the culture medium  after sterilization and cooling in the laboratory temperature 

,to avoid contamination  with the bacteria . The medium had been distributed in sterile plastic (Petri 

dishes) at a rate of 15 ml per dish, these dishes were kept in the refrigerator, until used for  isolating 

and culturing fungal isolates (1998, Atlas). 

 

4. Tannase enzyme production medium  

To produce tannase enzyme, the modified Czapeck–Dox medium described by Sena (2014) was 

used. The medium was prepared by dissolving the following components in one liter of sterile 

distilled water (g/liter). Sucrose 2, KCl 0.5, MgSO4.7H2O 0.5, FeSO4.7H2O 0.01, K2HPO4 0.1, 

Tannic acid 10, pH adjusted to 6, the medium was distributed into 250 ml glass flasks at a rate of 50 

ml per flask, the flasks were sterilized with an autoclave at a temperature of 121 °C and a pressure 

of 1 atmosphere for 15 minutes, while Tannic acid was sterilized with a membrane filter with a 

diameter of 0.45 microns and then added to the sterile medium cooled at room temperature. The 

medium was inoculated with five discs of young fungal colony per flask, the flasks were incubated 

in a shaking incubator at a shaking speed of 150 rpm for 5 days, the medium was used in the 

experiments of the culture conditions. 

 

5. Bioremediation Applications 

5.1 Reduction of Aflatoxin B1 

To demonstrate the ability of the crude and purified tannase enzyme from the fungal isolate H. 

bachu to reduce the toxicity and concentration of commercially purified aflatoxin from the fungal 

isolate Aspergillus sp., sterile test tubes were used and 1 ml of the purified and crude enzyme were 

placed in each tube separately. Each tube was added 0.2 ml of aflatoxin at a concentration of 8 

μg/ml so that each tube contained a final concentration of 1.33 μg/ml with manual mixing. The 

tubes were placed in a shaking incubator at a shaking speed of 150 rpm and a temperature of 15ºC 

for 72 hours incubation. The tubes were removed from the shaking incubator after the incubation 

period was over, their components were poured into a separating funnel and twice the volume of the 

organic solvent chloroform was added to each tube with careful shaking. The addition process was 

repeated three times and two layers were observed to form. The upper layer was concentrated by 

rotary evaporator to obtain a dry powder. The obtained powder was stored in opaque glass bottles in 

the refrigerator at 4 °C. Later, the characterization was carried out by injecting 20 μl of the reaction 

mixture into a high-performance liquid chromatography column, the column type used was C18 

with dimensions of 250×2.4 cm, the mobile phase was Acetonitrile: Water (70:30) at a flow rate of 

1 ml/min (Alberts, et al., 2009). 

5.2 Industrial dyes removal 

The environmental damage caused by the use of industrial dyes is certainly countless, to preserve 

the environment, a practical experiment was planned to remove the color of many industrial dyes 

used in tissue factories using tannase enzyme. The experiment was carried out using many 

industrial dyes including   : (Reactive black- Reactive yellow- Reactive green- Aniline Blue- 
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Bromophenol Blue-  Congo Red - Phenol Red- Orange G - Bromocresol Purple- Indigo Carmine) 

which were added at a concentration of (100) mg/L to the tannase enzyme production medium in 

250 ml conical flasks at a rate of 50 ml for each flask, the pH of the different culture media was 

adjusted to 6. Inoculated with fungal colony discs, the flasks were incubated in a shaking incubator 

at a shaking speed of 150 rpm at a temperature of 28±2 °C. After the incubation period, the contents 

of the flasks were filtered using Whatman No.1 filter papers fixed on a Buechner funnel. 1 ml of the 

filtrate of each dye was taken in each test tube separately and the same amount of sodium acetate 

buffer with a concentration of 0.2 M and pH 5.5 and 8 units/ml of the enzyme filtrate was added to 

each tube with good mixing. The tubes were incubated for different incubation periods of 48, 42, 

36, 30, 24, 18, 12, 6 hours. The mixture was centrifuged at a speed of 5000 rpm for 5 minutes. The 

absorbance was measured by a spectrophotometer at the wavelength of each dye by taking 1 ml of 

each dye. The percentage of dye removal was estimated according to the following equation: (Ado, 

et al., 2019). 

D% = [(Aini - Afin) / Aini] x100 

Where: D = Decolourization 

Aini = Initial absorbance 

Afin = Final absorbance 

 

Results and Discussion 

1. Bioremediation Applications 

1.1  Reduction of Aflatoxin B1 

A lot of research and efforts have been devoted to removing or reducing the toxicity of aflatoxin. 

Enzymes extracted from fungi have wide applications and play a positive role in the analysis of 

pollutants related to human aspects. The most extensive application was their use in reducing the 

most polluting toxin for agricultural products and foods, aflatoxin type B1, which colonizes grains 

of various types. Aflatoxin was treated with the extracted and purified tannase enzyme from the 

local isolate of the fungus H. bachu for 72 hours separately. The results of the analysis by high-

performance liquid chromatography, under the conditions designated for the detection of aflatoxin, 

when treating aflatoxin with the purified enzyme (Figure 2B) showed a clear reduction of aflatoxin, 

as its concentration decreased to 3.4 ng/ml. It also analyzed the aflatoxin into two compounds, 

indicating the appearance of two peaks at a retention time of 2.08 min and 4.59 min with a residual 

area percentage of 13.8 and 86.6%, respectively, compared to the standard aflatoxin with a single 

peak at a retention time of 4.79 min. The crude enzyme was able to effectively and efficiently 

reduce the aflatoxin B1 until its concentration decreased to 1.2 ng/ml at the same retention times as 

the purified enzyme, with a difference in the residual area of 45.8 and 54.2%, respectively. It was 

also able to fragment the aflatoxin B1 into two new compounds, as shown in Figure (C2). 

From the above results, it is clear that the crude enzyme outperformed the purified enzyme in effect. 

It is believed that the effectiveness of the crude enzyme is due to its containing other proteins and 

some impurities that work synergistically with the enzyme to reduce the toxicity of aflatoxin B1 and 

decrease its concentration. In fact, both of them (the crude and the purified) worked to split the 

aflatoxin into two compounds: Aflatoxin epoxide and Dihydrodiol, and later to break down the 

cyclic compound Difuran by splitting the double bond, thus turning it into a less toxic compound. 

The reason may also be attributed to the generation of free radicals that interact with each other and 

thus work to break down the aflatoxin and form non-toxic binary polymer compounds (Alberts, 

2006). Thus, fungal enzymes, especially tannase enzyme, appear as one of the ideal solutions to get 

rid of aflatoxin toxicity. Some studies are still being conducted at the University of Modern 

Technology in Finland with the aim of benefiting from fungal enzymes in reducing toxins of 

various types. In a study presented by the researcher Yehia (2014), it was confirmed that the 

destruction of aflatoxin B1 by the manganese peroxidase enzyme purified from the edible white rot 
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fungus Pleurotus ostreatus achieved a clear progress, as it reached 90% after 48 hours of incubation 

and with an enzyme activity of 1.5 units / ml, as shown in the results of high-performance liquid 

chromatography. The results obtained by the researchers Branà (2020) indicated the possibility of 

destroying aflatoxin B1 by the enzymes laccase and Mn-peroxidase purified from the fungal isolate 

Pleurotus eryngii, as the percentage of inhibition reached 90% after 72 hours of treatment with 

enzymes and at a pH of 8 and a temperature of 25 ºC. The researcher Muslim (2015) has been 

proven  the effectiveness of the purified tannase enzyme from the bacterial isolate Citrobacter 

freundii in reducing the toxicity of Zearalenone produced from the fungus isolate F. graminearum 

at different concentrations ranging from 200 to 700 μg/ml, as the enzyme was able to reduce the 

toxicity up to a concentration of 500 μg/ml, while treating the toxin with the tannase enzyme had no 

ability to reduce the toxin at higher concentrations. 

 

 

A 

 

B 

 

C 
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Figure 2: curves and peaks of the degradation products of aflatoxin B1 using HPLC 

technique, where A: control sample, B: purified enzyme from Helvella bachu, C: crude 

enzyme 

 

1.  2  Removal of industrial dyes 

Water pollution takes different forms, dyes are among the most important pollutants of water 

resources. This is likely due to their wide use in various industries (food, textile, printing, oil, etc. 

and countless other fields). Therefore, the process of removing dyes from polluted water before 

disposing of it is extremely important. Because water is the basis of life, this problem, which 

represents a real crisis, requires the use of efforts to reduce it and treat it at the lowest cost. Despite 

the diversity of physical and chemical methods for treating water pollution with industrial dyes, 

biological methods are the most efficient, and perhaps the most important of them is the use of 

fungal enzymes. 

In order to solve this problem, a laboratory experiment was conducted to investigate the ability of 

the purified tannase enzyme from the H. bachu fungus isolate to remove several types of dyes in a 

period of time ranging from (6-48) hours with a 6-hour interval between each period. By carefully 

examining the results recorded in Table (1), it becomes clear that the tannase enzyme provides an 

alternative strategy to treat the problem of environmental pollution by industrial dyes, as the 

enzyme was able, after 24 hours of treatment, to completely remove the Orang G dye (100)%, and 

the percentage of dye removal for all types used increased with increasing time for enzyme 

treatment, with differences between them. The enzyme was also able to remove the color of each of 

the dyes (Reactive yellow and Indigo carmina) by 100%, respectively, after 48 hours of treatment. It 

was also able to remove 96.2% of the Reactive black dye. The lowest percentage of dye removal 

was for Congo red dye, reaching 38.3% after 48 hours. The ability of the tannase enzyme to remove 

artificial dyes can be explained by the high potential of the enzyme to adsorb dyes after dismantling 

the complex bonds that make up their structure. Among the research that enriches the study and is 

similar to the experimental conditions is the research published by Abd-elmotey (2022) in which the 

tannase enzyme extracted from the fungal isolate Aspergillus niger SWP33 and P.griseoroseum 

T11 by solid-state fermentation was able to remove Reactive blue 19 and Red 24 dyes after 6 hours 

of incubation. 

 

Table 1 Removal of industrial dyes using biomass of local isolate of Helvella bachu 

The dye used Percentage of removal of industrial dyes )%( 
 

Absorption Time (hour) 

 6 12 18 24 30 36 42 48 

Aniline Blue 585 17.3 22.7 36.6 48.1 58.2 76.2 80.5 84.3 

Bromophenol Blue 427 22.3 30.3 36.1 42.8 48.5 55.9 63.2 73.8 

Congo Red 487 4.7 13.5 18.5 22.7 26.9 28.6 33.5 38.3 

Phenol Red 497 17.5 25.3 38.5 45.5 52.6 68.9 77.2 88.5 

Orange G 475 37.6 54.4 67.0 100 100 100 100 100 

Reactive black 600 38.5 64.8 71.7 73.6 85.8 90.0 94.8 96.2 

Reactive Yellow 600 42.7 62.4 76.5 80.4 88.3 95.0 99.3 100 

Neolan yellow 460 7.3 13.5 18.0 26.8 37.7 44.8 48.3 56.4 

Bromocresol Purple 588 28.2 37.6 43.6 58.2 63.5 77.9 83.5 89.5 

Indigo Carmine 609 32.5 55.3 66.0 83.1 86.3 92.5 97.4 100 
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Conclusions  

Tannase enzyme purified from the local isolate of ascomycete fungus Helvella bachu 

demonstrated an effective ability to bioremediation the most dangerous toxin 

aflatoxin B1. The crude enzyme was more effective than the purified enzyme in 

effectively  reduce the aflatoxin B1 that its concentration decreased to 1.2 ng/ml at 

the same retention times as the purified enzyme. It was also able to fragment the 

aflatoxin B1 into two new compounds less toxic. After 24 hours of treatment, the 

enzyme was able to completely remove a number of synthetic dyes. The percentage 

of dye removal for all types used increased with increasing enzyme treatment time, 

although there were differences between them. The enzyme was also able to 

completely remove the color of each of the dyes Reactive Yellow, Indigo Carmina, 

and Orange G, and varying percentages of the other dyes used after 48 hours of 

enzyme treatment. Under the experimental conditions of the current research, tannase 

enzyme has been proven to be highly efficient in treating aflatoxin B1 and synthetic 

dyes, which are considered among the most dangerous sources of environmental 

pollution. 

 

References  

Abdel-Shafy, H. I., & Mansour, M. S. (2016). A review on polycyclic aromatic 

hydrocarbons: source, environmental impact, effect on human health and 

remediation. Egyptian journal of petroleum, 25(1), 107-123. 

Albuquerque, K. K., Albuquerque, W. W., Costa, R. M., Batista, J. M. S., Marques, 

D. A., Bezerra, R. P., Herculano, P.N. & Porto, A. L. (2020). Biotechnological 

potential of a novel tannase-acyl hydrolase from Aspergillus sydowii using waste 

coir residue: Aqueous two-phase system and chromatographic 

techniques. Biocatalysis and Agricultural Biotechnology, 23, 101453. 

Al-rawi, J. M. & Abdul-Hadi, S.Y. (2022). Purification and Characterization of 

Tannase from New Local Isolate Fungus Helvella bachu and its Application to 

Remove Stains from Cotton Fabrics. International Journal of Special Education, 

37(3),16149- 16163. 

Al-Rawi, J. M., & Abdul-Hadi, S. Y. (2022). First new record and molecular 

identification of Helvella bachu (Ascomycetes) isolated from 

Iraq/Mosul. International Journal for Research in Applied Sciences and 

Biotechnology, 9(3), 143-148. 

Alberts, J. F., Engelbrecht, Y., Steyn, P. S., Holzapfel, W. H., & Van Zyl, W. H. 

(2006). Biological degradation of aflatoxin B1 by Rhodococcus erythropolis 

cultures. International journal of food microbiology, 109(1-2), 121-126.  



86 
 

Alberts, J. F., Gelderblom, W. C. A., Botha, A., & Van Zyl, W. H. (2009). 

Degradation of aflatoxin B1 by fungal laccase enzymes. International journal of 

food microbiology, 135(1), 47-52. 

Ado, B. V., Onilude, A. A., Oluma, H. O. A., & Mabitine, D. M. (2019). Production 

of fungal laccase under solid state bioprocessing of agroindustrial waste and its 

application in decolourization of synthetic dyes. Journal of Advances in Biology & 

Biotechnology, 4, 1-17.  

Abd-Elmotey, S., Nasar, F. R., Nasar, S. A., & Abou-Taleb, K. A. (2022). Tannase 

and gallic acid production by Aspergillus niger SWP33 and Penicillium 

griseoroseum T11 using agricultural wastes under submerged and solid-state 

fermentation and its application. Egyptian Journal of Chemistry, 65(9), 21-35. 

Atlas, R. M. (1998). Pathogenesis of Infection Diseases. Principles of Microbiology. 

1st ed. Louis: Mosby-Yearbook, Inc. 

Branà, M. T., Sergio, L., Haidukowski, M., Logrieco, A. F., & Altomare, C. (2020). 

Degradation of aflatoxin B1 by a sustainable enzymatic extract from spent 

mushroom substrate of Pleurotus eryngii. Toxins, 12(1), 49. 

Rana, R. (2016). Studies on growth conditions of wild edible mushroom Helvella 

crispa fries selected from north west Himalayan region. Int J Curr Res, 8(9), 

38079-38085. 

Muslim, S. N., Mahammed, A. N., & Al-kadmy, I. M. S. (2015). Detoxification of 

zearalenone produced by Fusarium graminearum by purified tannase from 

Citrobacter freundii. Greener Journal of Biochemistry and Biotechnology, 2(1), 

001-008. 

Shome, R. (2020). Role of microbial enzymes in Bioremediation. ELifePress, 1(1), 

15-20. 

de Sena, A. R., Dos Santos, A. C. D. B., Gouveia, M. J., de Mello, M. R. F., Leite, T. 

C. C., Moreira, K. A., & de Assis, S. A. (2014). Production, characterization and 

application of a thermostable tannase from Pestalotiopsis guepinii URM 

7114. Food Technology and Biotechnology, 52(4), 459. 

Tomer, A., Singh, R., Singh, S. K., Dwivedi, S. A., Reddy, C. U., Keloth, M. R. A., 

& Rachel, R. (2021). Role of fungi in bioremediation and environmental 

sustainability. Mycoremediation and Environmental Sustainability: Volume 3, 

187-200. 



87 
 

Yehia, R. S. (2014). Aflatoxin detoxification by manganese peroxidase purified from 

Pleurotus ostreatus. Brazilian Journal of Microbiology, 45, 127-134. 

Vaksmaa, A., Guerrero-Cruz, S., Ghosh, P., Zeghal, E., Hernando-Morales, V., & 

Niemann, H. (2023). Role of fungi in bioremediation of emerging 

pollutants. Frontiers in Marine Science, 10, 1070905. 

https://doi.org/10.3389/fmars.2023.1070905  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.3389/fmars.2023.1070905


88 
 

Environmental Assessment of Selected Groundwater Wells InAbu 

Ghraib District, West of Baghdad, for The Year 2023 
 

Raad Mahmoud Nasif ALkhafaji
1*

, Mahmoud Abd Meshan Al-Alwani
1
, Battol Cheachan

2
,  

Ali Abd Alrahem Obeed
3
,Fatma Abdel Amir

1
, Mustafa Shaker Mohammad

1
 

 
1 

Department of Biology, College of Eduction for Pure Science (Ibn Al-Haitham), University of Baghdad, Baghdad, 

Iraq. 
2 
General High school, Baghdad, Iraq 

3 
General Commission for Groundwater, Ministry of water Resources, Baghdad, Iraq 

*
Corresponding Author: E-mail: raad.m.n@ihcoedu.uobaghdad.edu.iq 

 

Received 28/2/2025 , Revised 22/3/2025 ,  Accepted 25/3/2025 

 

 

ABSTRACT 
 

Water security is a basic human need, and its impact on the ecosystem is a major issue worldwide, 

especially groundwater in areas lacking surface water. Therefore, the aim of this study was to 

identify the chemical and physical properties of groundwater and its various possible uses in the 

Abu Ghraib area. Eight groundwater samples were collected and analyzed for physical and 

chemical parameters (pH, total dissolved solids, electrical conductivity, sodium, potassium, 

calcium, magnesium, sulfur, chlorine, and hydrogen). The pH was found to be neutral to slightly 

alkaline, and the water was slightly saline according to the values of total dissolved solids and 

excess minerals according to the European Commission's electrical conductivity. The groundwater 

samples in the area were found to be unsuitable for drinking and various industrial purposes, and all 

water samples were suitable for construction. The water was also found to be suitable for livestock. 

The concentrations of total solids and electrical conductivity were found to be high, making it 

unsuitable for irrigation. The suitability of groundwater for agricultural purposes was found. 
Keywords: Physicochemical properties,groundwater quality,, Abu Ghraib,uses of groundwater. 

 

 

 2223التقييم البيئي لآبار السياه الجهفية السختارة في قزاء أبه غريب، غرب بغداد، لعام 
 

 ,2نجيجا, بتهل 1العمهاني مذعان, محسهد عبد *1رعد محسهد ناصيف الخفاجي
 1محمدشاكر ، مرظفى 1فاطسة عبد الأمير, 3عبيدعبدالرحيم  عمي
 25/3/2025,  تاريخ القبػؿ 22/3/2025, تاريخ السخاجعة 28/2/2025تاريخ الإستلاـ 

 السمخص
الأمغ السائي ىػ حاجة إندانية أساسية، والشطاـ البيئي ىػ قزية رئيدية في جسيع أنحاء العالع، وخاصة السياه الجػفية في    

لمسياه الجػفية  السشاشق التي تفتقخ إلى السياه الدصحية، لحلظ فإف اليجؼ مغ الجراسة ىػ معخفة الخرائز الكيسيائية والفيديائية
عيشات مغ السياه الجػفية وتحميميا لسكػنات السعاييخ الفيديائية  8واستخجاماتيا السختمفة السسكشة في مشصقة أبػ غخيب، تع جسع 

، ال ، السغشيديػـ ، الكالديػـ ، البػتاسيػـ كبخيت، والكيسيائية )الخقع الييجروجيشي، السػاد الرمبة الحائبة، التػصيل الكيخبائي، الرػديػـ
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الكمػر، الييجروجيغ(، وجج أف الخقع الييجروجيشي متعادؿ إلى قمػي قميلًا، والسياه قميمة السمػحة وفقًا لقيع السػاد الرمبة الحائبة 
والسعادف الدائجة وفقًا لمسفػضية الأوروبية لمتػصيل الكيخبائي. وقج وجج أف عيشات السياه الجػفية في السشصقة غيخ مشاسبة لأغخاض 

ذخب و الرشاعات السختمفة  وجسيع عيشات السياه مشاسبة لمبشاء.كسا وجج أف السياه مشاسبة لمساشية. كسا تبيغ أف تخكيدات السػاد ال
الرمبة الكمية والتػصيل الكيخبائي عالية وبالتالي فيي غيخ مشاسبة لعسمية الخي، وجج أف ملاءمة استخجاـ السياه الجػفية لأشغخاض 

 الدراعية.
 

INTRODUCTION 
 

Currently, groundwater is considered one of the major and important natural resources due to the 

increasing demand for water with limited surface water supply and decreasing rainfall. It has 

become very important to obtain large quantities of good quality groundwater (Mahmoud and Al-

Shamma'a, 2023), Hydrogeological studies are an important task in areas where groundwater is the 

only source of water, which is used for various purposes, especially in agriculture (Al-Khafaji et al., 

2021) or As a result of using modern methods to extract groundwater, which is considered an 

important economic resource. (Al-Salh, 2016),. As a result, groundwater is an important and viable 

alternative resource in these environments (Li et al., 2018) Iraq is one of the Middle Eastern 

countries suffering from severe water shortages (Alkhafaji, 2018). Due to the world's growing 

population, we need to extract vast quantities of groundwater for various human purposes. This 

leads to water depletion and a decline in groundwater levels due to depletion of recharge (Zahid et 

al., 2008; Bouderbala et al., 2014). Therefore, both natural and human processes affect groundwater 

pollution (Aravinthasamy et al., 2020). Water quality testing is crucial because both natural and 

anthropogenic influences can contaminate aquatic resources (Ase et al., 2022). Water quality 

depends on the intensity of chemical weathering, the direction of groundwater flow, and the 

interaction between rocks and water during recharge periods, all of which depend on geological 

features that influence groundwater chemistry. The presence of salinity in water resources is an 

important factor, especially in arid and semi-arid regions with groundwater (Zarei et al., 2013). 

Groundwater with high salt concentrations was found in wells in many areas that were abandoned 

(Cotecchia and Polemio 1999). It is difficult to predict the location and quality of groundwater in 

such environments, so the source of salts in these wells must be known over geological time (Lee, 

2010). The quality of salt ions is due to their natural source or various human activities (Panno et 

al., 1994). The Abu Ghraib area is considered one of the areas that lack surface water and is an 

agricultural area, so groundwater was relied upon for its various uses. Therefore, many studies were 

conducted that included the study area, including the study conducted by the researcher (Hussein, 

2015) on the water of some wells in the study area, where a high percentage of dissolved solids and 

a low level of minerals was found. Another study conducted by (Abbas, 2021) on soil moisture in 

the study area, and it was found that increased moisture leads to significant damage to the growth of 

vegetable crops, as they are exposed to diseases and pests. of the study was to determine the 

physical properties of acidity, electrical conductivity, and total dissolved solids, as well as to study 

the chemical properties of various key elements, including calcium, magnesium, sodium, potassium, 

sulfates, chlorides, bicarbonates, nitrates, and phosphates. Therefore, water samples were taken 

from some wells spread across the region in different locations, with the aim of studying them, 

identifying their properties, and the extent to which they can be used for various purposes. 

Description of the Study Area 

The Abu Ghraib area is part of the Mesopotamian alluvial plain, where the lower part consists of 

Holocene sediments, mainly forming part of the Euphrates River floodplain, with a narrow strip 

containing sediments from the Dahleh River to the east (Mohammed et al., 2014; Ali, 2023). Abu 

Ghraib covers an area of approximately 90,293 hectares. It is located approximately 20 km west of 

Baghdad, between latitudes 33⁰06' and 33⁰50' north and longitudes 43⁰50' and 44⁰25' east. The 
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elevation of the plain ranges from 45 m above sea level in the northwest to 42 m above sea level 

(Saleem et al., 2014),  

The irrigation system mainly uses the water of the Euphrates and the Tigris rivers on a large scale 

for irrigation purposes in the project area. Currently, due to water scarcity, Groundwater is used to 

fill the shortage for irrigation purposes. The climate of the study area is hot and dry subtropical, 

with long rainless summers from May to October, and a relatively short, cold winter from 

December to February. The average annual rainfall is 126.6 mm and the average annual temperature 

is 22.5 degrees Celsius. The study area lies under a subtropical desert (Papadakis., 1966;in Ali, 

2023). The soil temperature is high (Baillie, 2001) and the soil moisture is Toric or Aridic (dry 

climate) (NEDECO, 1978). as shown in Figure 1.  

 

 
Fig.1. The location of the Abu Ghraib district in relation to the districts of Baghdad city  
 

 

Baghdad city
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GEOLOGICAL formation 

 
The geology of the study area will be studied through of Structural and tectonic setting and 

deposits. It is well known that tectonic movements occur on a regional scale and over large areas. 

Since a tectonic study of an area such as this is not feasible, we will study the tectonics of Iraq, 

particularly the tectonics of the alluvial plain, to study the tectonics in the study area. The study area 

forms part of this area The study area is tectonically located in the unstable shelf zone of the 

Mesopotamian region, or the Tigris sub-region, which is part of the Tigris sub-belt. Subsurface 

structures are present in the area; they may not have reached the bottom of the sedimentary layer, 

but may lie deep within the basement rocks. Few studies indicate ongoing tectonic activity. 

According to Abdullah (1982), the tectonic nature of the alluvial plain is quite clear. This nature is 

reflected in the ability of marshes and swamps to persist for long periods without extinction. Had it 

not been for the continuous downward movement, these marshes would have been filled and buried 

by the sediments of the Tigris and Euphrates rivers (Abdullah, 2006). 

The soil of the study area is rich in calcareous silt materials and is a permeable soil. Despite the 

establishment of an irrigation and drainage system but the soil salinity is a problem until now. The 

topography of the area is often flat, although the topography of the area is medium, formed due to 

the extensive history of irrigation (Buringh, 1960) in the area.  
 

 

MATERIALS AND METHODS 
 

Eight wells were selected in the study area at different distances to cover the research area, where 

water samples were collected on 3/5/2023. Water samples were taken using one-liter plastic bottles. 

These bottles have been sterilized before use and washed. The bottles were washed several times 

with well water before samples were taken. It was tightly closed and placed at 25 degrees Celsius 

until analyzes were conducted in the laboratory. Analyses were conducted on samples from the 

study area in the laboratories of the General Corporation for Groundwater, where the physical 

properties (hydrogen, electrical conductivity, dissolved solids) and chemical properties included the 

ions of the mager elements.. It included (Ca
2+

, K
+
, Na

+
, Mg

2+
, SO4

2-
 .HCO3

-
 and Cl

-
) Field data 

were collected using a Garmin eTrex 20 GPS device, Fig. 2 and Table 1 show the locations of the 

study samples  in order to Coordinates of each well. 

 
Fig. 2. Locations of the wells in the study area. 
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Table 1. The coordinates of wells in the study area. 

Well No Coordinates E N  

1 33.251884,43.958417 43°57'30.3"E 33°15'06.8"N  

2 33.264115,43.971885 43°58'18.8"E 33°15'50.8"N  

3 33.257971,43.947495 43°56'51.0"E 33°15'28.7"N  

4 33.261339,43.932803 43°55'58.1"E 33°15'40.8"N  

5 33.254483,43.929734 43°55'47.0"E 33°15'16.1"N  

6 33.254483,43.929734 43°55'47.0"E 33°15'16.1"N  

7 33.264454, 43.941492 43°56'29.4"E 33°15'52.0"N  

8 33.273867,43.939696 43°56'22.9"E 33°16'25.9"N  

 

ACCURACY 
 

The symbel U defined as the degree is the degree which the exact value is similar to the actual value that was 

measured. In order to verify the results, this is done by calculating the absolute error that may be caused by 

the method of work or intervention during the analyses. The method described by (Appelo and Postm, 2004). 

Uncertainty can be calculated as in the following equation in units of epm. 

U={r sum cations - r sum anions / r sum cations + r sum anions} ×100 

When (U ≥ 5%), the results can be accepted for interpretation, but if (5% ≥ U ≥ 10%), the results 

are acceptable with risk if the value is (U% > 10%). The hydrochemical interpretation of the results 

cannot be relied upon in this case if (5<U15), the results are accepted with risk. The accuracy of the 

water analysis results was as shown in Table 2 . 
 

Table 2. Showing the accuracy of the water analysis results for the study area. 

 

Notes U% Sample 

Accepted 3 1 

Accepted 4 2 

Acceptable with risk 9 3 

Acceptable with risk 6 4 

Accepted -9 5 

Accept results with risk 25 6 

Acceptable with risk 9 7 

Unaccepted -18 8 
 

Results 
 

Physical properties 

The pH is considered a very important measure as it affects the quality of water.. Many factors may 

be affected by water pH including bioavailability and the importance of evaluating drinking water 

(WHO., 2007) The groundwater in this area was neutral to slightly alkaline, with recorded pH 

values ranging from 7 to 8.1, with an average value. 7.5 As in Table 2. The pH values were within 

the permissible limits (6.5-8.5) set by the World Health Organization and Iraqi quality standard 

(IQS) (2009) in all sites. 

Total Dissolved Solids: They are the minerals of salt, metals, calcium, other organic as well as 

inorganic composition in water (Altoviski, 1962). The maximum TDS values were recorded in well 

number 7 (3389 mg/L) and, the minimum value was recorded in wel 8  ( 983 mg/L) with mean value 

of 18403 as in Table 3. By comparing the TDS values with studies (Altoviski, 1962; Drever, 1997; 

Tood, 2007) they were concluded that the water in the type is often Slightly water mineralization 

(Boyd, 2000).Table 4. 
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Table 3. Physical properties of the samples of the study area 
 

No. of well Physical properties 

Code pH 

 
Ec(uS\cm) TDS.(mg/l) 

1 7.1 1008 1310 

2 7.3 11003 1546 

3 7.1 998 2129 

4 7.8 11400 1094 

5 7.6 11252 2827 

6 8 11508 3389 

7 7.9 11500 1445 

8 7.5 11362 983 

Average 7-8 998 - 11508 983 – 3389 

Mean 7.5 8753.5 1840.3 
 
 

Table 4. Classification of water salinity according to the TDS (ppm) (Drever, 1997; Tood, 2007  

Altoviski ,1962). 
 

Altoviski 

(1962) 

Drever 

(1997) 
Tood (2007) Water class Samples of study 

0-1000 <1000 10-1000 Fresh water Well no. 8 

1000-3000 1000-2000 ----------- Slightly water Wells no 1,2,3,4,5,7 

3000-10000 2000-20000 1000-10000 
Slightly-Brackish 

water 
Well no. 6 

10000-100000 ----------- 10000-100000 Brackish water  

------------ 20000-35000 ------------ Saline water  

>100000 >35000 >100000 Brine water  
 

Electrical conductivity (EC):   The EC is an indirect measurement of salinity, which is established 

by the total concentration of ions in water (APhA, 1998). It depends on the temperature as well 

(Hem, 1985). The relationship between TDS and EC is dependent on the type and nature of cations 

and anions dissolved in water (Thirumalini and Joseph, 2009). In water of the study area, EC ranges 

from 998 to 3150 µs/cm with mean 1878.5µs/cm, as in Table 3. The relationship between electrical 

conductivity and mineralization Located within Excessively Mineralized Water Except number 4, 

Table 5.  
 

Table 5. Relation between EC and  

 

EC (µS\cm) Mineralization The Study area 

<100 Very weakly mineralized water(granite terrains)  

100-200 Weakly mineralized water  

200-400 Slightly mineralized water (limestone terrains)  

400-600 Moderately mineralized water  

600-1000 Highly mineralized water  

>1000 Excessively mineralized water All samples Except number 3 
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Chemical Properties 
 

The chemical properties in the present study include the Major Ions such as Major Cations (Ca
2+

, 

Mg
2+

, Na
+
, K

+
), Major Anions (Cl

-
, SO4

-2
, and HCO3

-
) . 

Mean and range values of chemical analysis of Well water of the study area are presented in Table 5 

while Major Ions: are showing Ions values Some of the metals such as calcium, magnesium, 

potassium and sodium are essential to sustaining life and must be present for normal body functions 

(Al-Jaberi et al., 2016). The abundance of the major ions is as follow Na+ > Ca2+> Mg2> K+ and 

SO42- > CL-> HCO-. Most of samples had higher values of Na, Ca, Mg, CL, and SO4 which were 

beyond the acceptable limits of (WHO, 2011). 
 

 

Table 6. Represents chemical properties of the samples of the study area. 
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S
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1 141 7.05 101 8.28 148 6.43 7 0.18 264 7.44 573 
11.9

4 
76 i.25 

2 182 9.10 69 5.66 245 
10.6

5 
12 0.31 299 8,42 589 

12.2

7 
150 2.46 

3 209 
10.4

5 
19 

16.3

1 
272 

11.8

3 
14 0.36 513 

14.4

5 
722 

15.0

4 
200 3.28 

4 131 6.55 89 7.30 112 4.87 5 0.13 209 5.89 474 9.88 74 1.21 

5 299 
14.9

5 
131 

10.7

4 
449 9.52 18 0.64 634 

17.8

6 
812 

16.9

2 
484 7.93 

6 599 
29.9

5 
231 

18.9

3 
453 

19.7

0 
39 0.75 722 

20.3

4 

102

4 

21.3

3 
330 5.41 

7 137 6.85 72 5.90 274 
11.9

1 
6 o.15 211 5.94 560 

11.6

7 
185 3.03 

8 76 3.80 73 5.98 91 3.96 3 0.08 182 5.13 446 9.29 112 1.84 

Mim. 

and 

Max. 

value

s 

76 – 

599 

3.80-

29.9

5 

69 – 

231 

5.66 

– 

18.9

3 

91 – 

453 

3.96 

-

19.7

0 

3 -30 
o.o8-

0.77 

182- 

722 

5.13 

– 

20.3

4 

446 

- 

102

4 

9.29 

– 

21.3

3 

74 - 

484 

 

1.21 

-7.93 

Mean 
221.

7 

11.0

8 

120.

6 
9.88 

255.

5 
9.82 11.8 0.30 

379.

2 

10.6

8 

650 

 

13.5

4 

201.

3 
3.30 

 

Calcium (Ca
2+

): It is consder one of the most widespread alkaline earth elements, and is considered 

one of the essential elements for plants and animals. The highest concentration of calcium ion in the 

water of the study area was 599 mg/L in well (6), while the lowest concentration of calcium was 76 

mg/L in well (8), as in Table 6. The average was 221.7 mg/L. Most values of the study area within 

the global value of drinking water in Table 7,, according to international standards (WHO, 2011). 
 

Table 7. Permissible values limits for parameters and comparing with study area (WHO, 2011). 
 

Parameters’ 
Desirable-permissible limits 

(WHO 2011) 
Sample number of the Study area 

 

pH 6.5-8.5 All samples 

TDS 1000 8 

EC 500-1500 1,3 

Na 200-600 1,2,3,5,6,7 

K 10-12 1,4,7,8 
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Ca 75-200 1,2,4,7,8 

Mg 50-100 2,3,4,7,8 

CL 250-500 1,2,4,7,8 

SO4 200-250 No samples 

HCO3 200-500 All samples 
 

Magnesium (Mg
2+

):The main source of magnesium ion in surface waters is the result of erosion of 

dolomite rocks, and human activities such as industrial waste and sewage (Davis and Dewiest, 

1966; Todd, 1970). The highest concentration of magnesium ion in the water of the study area was 

251 mg/L in well (6), while the lowest concentration of magnesium ion was 69 mg/L in well (2), 

with an average value of 120.6, as in Table 6. There are some examples of the highest concentration 

of global drinking water values found in Table 7. 
 

Sodium (Na
+
):Sodium is a highly soluble chemical component that occurs naturally in water (Hem, 

1991). The highest concentration of sodium in the water of the study area was 453 mg/L in well (6), 

while the lowest concentration was 91 mg/L in well (8), with an average value of 255.5 as in Table 

7. 

 

Potassium (K
+
):Potassium is an essential nutrient for humans. It is a soluble cation that makes water 

have a salty taste. It rarely occurs in high concentrations in natural waters due to the high stability 

of potassium-bearing aluminosilicate minerals (Hem, 1989). The highest concentration of potassium 

ions in the water of the study area was 30 mg/L in well (6), while the lowest concentration of 

potassium was 3 mg. /l in well (8), Some value are within the global scale in Table 7. 

 

Chloride (Cl
1-

): It is a widespread component of all rock types (Braide et al., 2004) The 

decomposition of evaporated minerals such as halite (NaCl) is the main source of chloride ions in 

water (Todd, 1970). The highest concentration of chloride in the water of the study area was 722 

mg/L in well (6), while the lowest concentration of chloride was 182 mg/L in well (8), with an 

average value of 397.2 n Table 6. Most values of the study area within the global value of drinking 

water in Table 7 according to international standards (WHO, 2011).  

 

Sulphate (SO4
2-

): High sulfate values may be the result of dissolution of sediments or sulfate-

bearing minerals such as gypsum (CaSO4.2H2O) and anhydrite (CaSO4), rainfall, and fertilizers 

(Hamdan, 2012). 

The water of the study area is characterized by an abundance of sulfates. The highest concentration 

of sulfate was 1024 mg/L in well (6), while the lowest concentration of sulfate was 446 mg/L in 

well (8), with an average value of 650 . We note that the concentrations in the study area are higher 

than what is shown in Table 7. 

 

Bicarbonate (HCO3-): The primary source of bicarbonate ion in groundwater is the dissolution of 

limestone rocks in water that containing dissolved carbon dioxide from dissolved carbon and the 

presence of hydrogen ions resulting from the dissolution of carbonic acid. The highest concentration 

of bicarbonate ion in the water of the study area was 484 mg/L in well (5), while the lowest 

concentration of bicarbonate ion was 74 mg/L in well (24), with an average value of 201.3, as Table 

6 shows. All of the samples fall within the permissible limits..as Table 8. 

 
 

USABILITY OF GROUNDWATER IN THE STUDY AREA 

 
Groundwater is using for several purposhes which  depends on the type of water and its content of 

anions and cations that change it from one type to another. Therefore, it is necessary to evaluate the 

water according to the local and world standard specifications to determine the suitability of water 
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to the different uses like domestic, agricultural and industrial (Todd, 1970). In order to assess their 

suitability for different utilities the water constituents are compared with standard water qualities. 

Standard is the concentration of constituent that does not result in significant risks (negative impact) 

to the health of the consumer over the lifetime of consumption (Qannam., 2003). 
 

 

usability of Groundwater for Drinking Purpose 
 

Drinking water standards are generally based on two main criteria, first, the presence of undesirable 

tastes, odor and color, second, the presence of substances with harmful physiological properties 

(health effects) (WHO, 2011) The use of water for drinking depends on the ionic concentration of 

water, dissolved solids (TDS) and other components. Groundwater is considered very important 

because it can be used for drinking in some arid and semi-arid areas. The results of the study area 

were compared with international standards. It is not fit for human drinking as in Table 8 (WHO, 

2007; IQS, 2009). 
  

Table 8. Standard specifications for drinking water (WHO, 2007; IQS, 2009) 
 

Range values of samples WHO (2007) IQS (2009) Component No. of parameter 

76-599 75 150 Ca
+2

 1 

69–251 125 100 Mg
+2

 2 

91–453 200 200 Na
+
 3 

3 – 30 12 - K
+
 4 

182 – 722 250 350 CL
-
 5 

446 – 1024 250 400 SO4
-2

 6 

983 – 3389 1000 1000 TDS ppm 7 

7 – 8 6.5-8.5 6.5-8.5 pH 8 
 

usability of Groundwater for Industrial purpose: 

 

The uses of groundwater for industrial purposes require water that has several characteristics in 

terms of quality, because any error in determining its composition  as it will reflect negatively on 

the quality of production for a particular industry (Hem, 1986) Formulating some standard 

specifications for the type of water used in various industries (Crist and Lowry, 1972). These 

standards represent the recommended upper limits before adding any additional ingredients. Table 9 

represents the uses of water quality for industrial purposes according to standard specifications 

according to (Hem, 1986) According to this classification, all water samples are not suitable for all 

types of industries as in Table 9. 

 

Table 9. Standard specifications for Industrial purpose water ( Hem, 1986). 
 

pH 

 

TDS 

Ppm 

SO4 

ppm 

HCO3 

Ppm 

Cl 

ppm 

Mg 

Ppm 

Ca 

ppm 
Indestory type 

6 -9 1000 - - 300 30 75 Petroleum products 

6.5–8.5 600 250 - 250 - - Cement  Industry 

6.5–8 1000 100 250 500 50 100 Wood Chemical 

6–8 - 250 - 250 - - Leathers Industry 

- - 500 - 500 - 100 Soft drinks bottling 

6.5–8.5 500 250 - 250 - - Fruit Icing 

6.5 – 8.5 - - - - 36 80 Synthetic rubber 

6 -10 - - - 200 12 20 Unbleached Chemical pulp 

& papers 6 10 - - - 200 12 20 Bleached 
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usability of Groundwater for building 
 

The ratings were used to evaluate the suitability of water samples for construction purposes. 

Limited proposal from Al-Tufiski Company for building uses Table 10. It is clear from the results 

of Table 10 that all groundwater samples in the study area are suitable  except HCO3
-  

is Unsuitable 

for construction 

. 

 

Table 10. Limited suggestion for the building uses, by Altoviski (1962). 
 

Water of the 

Study 

Concentration 

µg/L 

Anions 

(ppm) 
suitability 

 

Concentration  

µg/L 
Cations 

 

Suitable 2187 Cl
-
 Suitable 1160 Na

+
 

Suitable 1460 SO4
-2

 Suitable 437 Ca
++

 

Unsuitable 150 HCO3
-
 Suitable 271 Mg

++
 

 

usability of Groundwater for Livestock 
 

Using the proposed standard (Altoviski., 1962; WHO, 2011) which is based on ions and cation to 

total hardness and dissolved solids, and according to these standards, when comparing the average 

concentrations of the element with what is in Table 11, it was found that the water which suitable 

for drinking livestock at a very good rate. By comparing the average concentrations of dissolved 

solids with what shown in Table 12, it was found that the water is suitable for livestock and horses. 
 

Table 11. Standards suggested by Altoviski (1962 ) for livestock uses in ppm. 
 

Elements 

Ppm 

Very good 

water 
Good 

Recommended 

Uses water 

acceptable 

Can be 

use 

Upper 

limit 

Wet season 

(ppm) 

Dry season 

(ppm) 

Na
+ 

800 1500 2000 2500 4000 76- 858 98 – 888 

Ca
+2 

350 700 800 900 1000 81-533 100 – 545 

Mg
+2 

150 350 500 600 700 84 - 178 105 – 196 

Cl
- 

900 2000 3000 4000 6000 99 - 1335 112 – 1350 

SO4
-2 

1000 2500 3000 4000 6000 886 - 1634 900 – 1654 

T.D.S 3000 5000 7000 10000 15000 1506 - 3940 1603 – 4045 

TH 1500 3200 4000 4700 54000 1940 - 1399 1200 – 3300 

 

Table 12. Standard specifications for animal drinking according to the classification of 29 (WHO, 

2011). 
 

Rang of values of samples (ppm) Animal type ppm TDS 

 

983 - 3389 

 

Livestock 2860 

Horses 6435 

Milk cattle 7150 

Meat cattle 10000 

Sheep 12900 
 

 

Usability of Groundwater for Irrigation Purposes: 
 

The chemical and physical properties of water used for irrigation are similar to the types of water 

used in agriculture in that it contains dissolved solids, sodium, and toxic ions. The Agricultural 
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Nutrition Organization classification FAO (1997).was adopted to evaluate groundwater samples in 

the region. The study area and its acceptance of the irrigation schedule 13. We note that the TDS 

percentage is very high and is not suitable for irrigation, and the EC values are also high and not 

suitable for irrigation as well. 
 

Table 13. Water type accepted for Irrigation according to FAO (1997). 
 

Characterizes 
TDS Regarding 

ppm 
E.c µS/cm 

Water little salinity and suitable irrigate Less than 200 100-250 

Moderately salinity and need filtration 200-500 250-750 

High salinity and cant use near 500-1500 750-2250 

Very high and not suitable irrigate and need to desalination  

soil 
1500-3000 2250-5000 

Not a actionable irrigate More than 3000 
More than 

5000 
 

 

usability of Groundwater for agricultural purposes: 

 

TDS plays an influential role in groundwater if it reaches plant roots, which reduces their 

productivity and increases the soil's ability to filter (Levy and Kearney, 1999). If the concentration 

of Na% increases, it reduces soil permeability. If the exchange rate between sodium and calcium 

ions increases, the high concentration of bicarbonate may lead to the precipitation of calcium and 

magnesium, and thus to an increase in their proportion in calcium, which leads to a decrease in soil 

porosity (Heim, 1986). The percentage of sodium (Na%) is calculated from the following equation 

(Hamil and Bill, 1986) with a value of epm. 

 
 

                  (1)   

 

   

If Na% exceeds 60%, the water is considered poor quality. Comparing the values in the study 

area, we find that all values are less than 60%, and therefore the water is considered good, as shown 

in Table 13. Sodium absorption ratio (SAR): It is considered an important criterion for determining 

the suitability of water for agriculture because it is a measure of the risk of alkalis/sodium 

(Subramani et al., 2005). Richards (1954) defined the sodium absorption ratio (SAR) of water as 

follows . 

 

                   (2) 

 

Where concentration are reported in (meq/l). 

Concentrations are recorded in milliequivalents per liter. The specific absorption rate (SAR) 

measures the tendency of irrigation water to undergo exchange reactions in the soil. A high SAR 

value indicates the risk of sodium being replaced by absorbed calcium and magnesium, ultimately 

damaging the soil structure (Heim, 1985). Water is classified into four categories based on the SAR 

values in Table 14. Comparing the SAR results for the study area in Table 14 with Table 15 reveals 

that all well water was of excellent quality . 

100*%
KNaMgCa

KNa
Na






2/)(/ MgCaNaSAR 
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Table 14. Values of (SAR, Na %) for water samples in study area 

 

Na% SAR Samples no. 

30.1% 1.64 1 

42.6% 2.77 2 

31.3% 2.28 3 

26.5% 1.30 4 

43.7% 3.85 5 

29.5% 2.81 6 

48,5% 3.33 7 

27.2% 1.26 8 

 

When comparing the results of the SAR in Table 14 for the samples of the study area with the 

values in Table 15, as result  that the SAR values in the entire study area fall under < 10, and 

therefore it all under the first category S1, that, the water quality is excellent. 

 

Table 15. Alkalinity hazard classes of water (Subramani et al., 2005). 

 

Representing samples Water class Alkalinity hazard SAR 

All ground water Samples Excellent S1 < 10 

W8 in dry season Good S2 10- 18 

------- Doubtful S3 18-26 

------- Unsuitable S4 > 26 

        

When comparing the results of the study with what is found in Table 16, it is found that samples (1, 

2, 3 and 5) show that the water quality is Doubtful, and samples (3and7) that the water quality is 

unsuitable, and that samples (4, 8) show that the quality of the water is permissible. 

  

Table 16. Classification of irrigation waters according to (Don, 1995). 

 

EC uS\cm TDS ppm SAR Na% pH Water Quality 

250 175 3 20 6.5 Excellent 

250-750 175-525 3-5 20-40 6.5-6.8 Good 

750-2000 525-1400 5-10 40-60 6.8-7.0 Permissible 

2000-3000 1400-2100 10-15 60-80 7-8 Doubtful 

<3000 <2100 <15 <80 <8 Unsuitable 

 

 DISCUSSION OF RESULTS 

 
The results were obtained from various analyzes of the water of the study area, where it was found 

that the pH values were neutral to slightly alkaline, falling within international standards, The 

dissolved solids values in most samples were found to be at lower concentrations when compared to 

the international standard values.. Its source may be due to Agricultural runoff/pesticide and sewage 

discharge. Or from natural sources such as weathering of rocks. The electrical conductivity values, 

when compared with an international standard, were found to be excessively mineral water, with the 

exception of the value of well No. (3). As for the validity values of the results obtained, they are 

from Table 3, We find that there are some values that fall within the acceptable values, and there are 

Some values fall within acceptable risks. 

It was found that some calcium ion concentrations in some samples are so high that they exceed the 

values of international specifications for drinking water (WHO, 2007). The reason may be due to an 
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increase in the ion exchange process between calcium and sodium ions. It is possible that this 

increase is the result of groundwater mixing with wastewater in some urban areas in the study area. 

When these materials are oxidized, large amounts of carbon dioxide are released, leading to an 

increase in calcium ions (WHO, 2007). As for the magnesium ion concentration, it was found that 

there are some examples of a higher concentration than the global values for drinking water found 

in Table 7. The reason may be due to the ion exchange process and the effect of the evaporation 

process, or it is originally present from natural sources from the melting of dolomite rocks. The 

most valuable sodium ion is present in the global values of drinking water. Its natural source is 

concentrated in sedimentary rocks containing evaporate minerals such as halite (Banat and Howari, 

2002), in addition to human activities that have a significant impact on sodium levels in surface and 

groundwater (Hem, 1989) and human activities affect sodium concentration. This is due to the 

extensive use of salts by households in addition to irrigation water (WHO, 2006). When comparing 

the presence of potassium ions in the water of the study area to international standards for drinking 

purposes, some of the water contains high concentrations of potassium ions in excess of the 

permissible limit. The reason is either from a natural source or due to the presence of wastewater, 

irrigation water discharges, and the use of fertilizers (Daly, 1994). The increase may also be due to 

the dissolution of sodium bicarbonate in the soil as a result of irrigation operations. Most of the 

chloride ion value is higher than what is shown in Table 6. The reason for its high levels may be 

due to pollution resulting from industrial wastewater, sewage outlets, irrigation drains, fertilizers, 

and water treatment with chloride, which has an effect in increasing the concentration of chloride 

ions in the water (WHO, 1996). Or sulfate ions, All the values of the study models are higher than 

what is shown in Table 6. The reason may be due to either their natural confiscation or to the 

release of sulfate ions by water as a result of their washing from the upper layers of the soil and 

their transfer to groundwater. Also, the falling rain contains sulfate ions. Its concentration in 

groundwater in the gypsum layer was found to be 1360 ppm. Its concentration in natural waters is 

less than 200 parts per million (Richards, 1954). The concentration of bicarbonates was found to be 

within the global resource values, and its source was either natural or anthropogenic. The pH of 

water indicates the presence of dissolved carbon dioxide, and the presence of carbonic acid is an 

indicator. When the pH is below 4.5, bicarbonates are present, and between 4.5 and 8.2, carbonates 

are present. When the pH exceeds 8.2, the water is charged with carbon dioxide, which dissolves 

carbonate minerals (Davis and DeWest, 1966). Regarding the various uses of the water in the study 

area, it was found to be unsuitable for drinking and industrial purposes. However, its use in 

construction, cattle and horse grazing, and agriculture was deemed appropriate, based on a 

comparison of its concentrations with local and international standards. Finally, the water was 

found to be unsuitable for irrigation due to its high total dissolved salts concentrations and electrical 

conductivity values, which are too high compared to international standards, and should be disposed 

of in the soil. 
 

CONCLUSIONS 

 

The study concludes that water quality depends on its physical properties, including pH, which 

ranges from neutral to slightly alkaline. The water is highly saline and mineralized, according to the 

electrical conductivity values. The chemical properties reveal that the source of the elemental ions 

is either natural or anthropogenic. The water is unsuitable for drinking and industrial purposes, but 

is also unsuitable for construction, livestock drinking, and irrigation. Some wells in the study area 

are of questionable safety, and some are unsuitable for irrigation. Compared to international 

standards, the water is suitable for agriculture, and the water quality is good, based on the values of 

the electrical conductivity (EC), total dissolved solids (TDS), specific absorption ratio (SAR), 

sodium (Na%), chloride (Cl-), and sulfur dioxide (SO4). 
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