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التعريف بالمجلة
تعنى المجلة بنشر البحوث والدراسات العلمية الأصيلة في مجال العلوم الأساسية والتطبيقية، باللغتين العربية والإنجليزية، كما 
تهتم بنشر جميع ما له علاقة بعرض الكتب ومراجعتها أو ترجمتها، وملخصات الرسائل العلمية، وتقارير المؤتمرات والندوات 

العلمية، وتصدر مرتين في السنة )مايو ـ نوفمبر(.

الرؤية
الريادة في نشر البحوث العلمية المحكمة، وتصنيف المجلة ضمن أشهر الدوريات العلمية العالمية.

الرسالة
نشر البحوث العلمية المحكمة في مجال العلوم الأساسية والتطبيقية وفق معايير عالمية متميزة.

أهداف المجلة

شروط قبول البحث
1(   الأصالة والابتكار وسلامة المنهج والاتجاه.

2(   الالتزام بالمناهج والأدوات والوسائل العلمية المتبعة في مجاله.
الدقة في التوثيق والمصادر والمراجع والتخريج.  )3

سلامة اللغة.  )4
أن يكون البحث غير منشور أو مقدم للنشر في أي مكان آخر.  )5

6(   أن يكون البحث المستل من الرسائل العلمية غير منشور أو مقدم للنشر، وأن يشير الباحث إلى أنه مستلٌ.

أن تكون المجلة مرجعًا علميًا للباحثين في العلوم الأساسية والتطبيقية.
تلبية حاجة الباحثين إلى نشر بحوثهم العلمية، وإبراز مجهوداتهم البحثية على المستويات المحلية والإقليمية والعالمية.

المشاركة في بناء مجتمع المعرفة بنشر البحوث الرصينة التي تؤدي إلى تنمية المجتمع.
تغطية أعمال المؤتمرات العلمية المحكمة.  

 )1
)2
)3
)4
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هـ

شروط النشر

أولًا:   ضوابط النص المقدم للنشر
.)A4( صفحة من القطع العادي )ألا تزيد صفحاته عن )35  )1

أن يحتوي على عنوان البحث وملخصه باللغتين العربية والإنجليزية في صفحةٍ واحدةٍ، بحيث لا يزيد عن )250( كلمة   )2
للملخص، وأن يتضمن البحث كلمات مفتاحيةٍ دالةٍ على التخصص الدقيق للبحث باللغتين، بحيث لا يتجاوز عددها )6( 

كلمات، توضع بعد نهاية كل ملخص. 
أن يذكر اسم المؤلف وجهة عمله بعد عنوان البحث مباشرة باللغتين العربية والإنجليزية.   )3

أن تقدم البحوث العربية مطبوعة بخط )Simplified Arabic(، بحجم )14( للنصوص في المتن، وبالخط نفسه بحجم )12(   )4
للهوامش.

أن تقدم البحوث الإنجليزية مطبوعة بخط )Times New Roman( بحجم )12( للنصوص في المتن، وبالخط نفسه بحجم   )5
)9( للهوامش.

2.5 سم على  الحواشي  السطور، وتكون  ترك مسافة سطر واحد بين  الصفحة، مع  البحث على وجه واحد من  كتابة   )6
الجوانب الأربعة للصفحة، بما يعادل 1.00 إنش )بوصة(.

التزام الترتيب الموضوعي الآتي:   )7
       المقدمـــة: تكون دالة على موضوع البحث، والهدف منه، ومنسجمة مع ما يَرِدُ في البحث  من معلومات وأفكار وحقائق 

علمية، كما تشير باختصار إلى مشكلة البحث، وأهمية الدراسات السابقة. 
         العـرض: يتضمـن التفاصيـل الأساسـية لمنهجيـة البحـث، والأدوات والطـرق التـي تخـدم  الهدف، وترتب المعلومات حسـب 

أولويتها. 
        النتائج والمناقشة: يجب أن تكون واضحة موجزة، مع بيان دلالاتها دون تكرار. 

        الخاتمة: تتضمن تلخيصًا موجزًا للموضوع، وما توصل إليه الباحث من نتائج، مع ذكر التوصيات والمقترحات.
أن تدرج الرسوم البيانية والأشكال التوضيحية في النص، وترقم ترقيماً متسلسلًا، وتكتب أسماؤها والملاحظات التوضيحية   )8

أسفلها.
أن تدرج الجداول في النص، وترقم ترقيماً متسلسلًا، وتكتب أسماؤها أعلاها، وأما الملاحظات التوضيحية فتكتب أسفل   )9

الجدول.
ألا توضع الهوامش أسفل الصفحة إلا عند الضرورة فقط، ويشار إليها برقم أو نجمة، ويكون الخط فيها بحجم )12(   )10

للعربي و )9( للإنجليزي.
لا تنشر المجلة أدوات البحث والقياس، وتقوم بحذفها عند طباعة المجلة.  )11

والتاريخ  الاسم  ذكر  يعتمـد  نظام  وهـــو   ،)APA( نظام  النص  داخل  والمراجـــع  المصــادر  توثيق  منهج  في  يُراعى  أن   )12
)name/year( داخل المتن، ولا يقبل نظام ترقيم المراجع داخل النص مع وضع الحاشية أسفل الصفحة، وتوضع المصادر 
والمراجع داخل المتن بين قوسين حسب الأمثلة الآتية: يذكر اسم عائلة المؤلف متبوعا بفاصلة، فسنة النشر، مثلا: )مجاهد، 
1988م(. وفي حالة الاقتباس المباشر يضاف رقم الصفحة مباشرة بعد تاريخ النشـر مثلا: )خيري، 1985م، ص:33(. أما 
إذا كان للمصدر مؤلفان فيذكران مع اتباع الخطوات السابقة مثلا: )الفالح وعياش، 1424هـ(. وفي حالة وجود أكثر من 
مؤلفين فتذكر أسماء عوائلهم أول مرة، مثلا: )مجاهد والعودات والشيخ، 1408هـ(، وإذا تكرر الاقتباس من المصدر نفسه 
فيشار إلى اسم عائلة المؤلف الأول فقط، ويكتب بعده وآخرون مثل: )مجاهد وآخرون، 1408هــ(، على أن تكتب معلومات 

النشر كاملة في قائمة المصادر والمراجع.
تخرج الأحاديث والآثار على النحو الآتي:  )13

      )صحيح البخاري، ج:1، ص: 5، رقم الحديث 511(.
توضع قائمة المصادر والمراجع في نهاية البحث مرتبة ترتيباً هجائياً حسب اسم العائلة، ووفق نظام جمعية علم النفس   )14
الأمريكية )APA( الإصدار السادس، وبحجم )12( للعربي و)9( للإنجليزي، وترتب البيانات الببليوغرافية على النحو 

الآتي: 
        •     الاقتباس من كتاب لمؤلف واحد:

الخوجلي، أحمد. )2004م(. مبادئ فيزياء الجوامدمبادئ فيزياء الجوامد. الخرطوم، السودان: عزة للنشر والتوزيع.



        •     الاقتباس من كتاب لأكثر من مؤلف: 
الرياض،  للتعليم والتعلم.  التعليمية  للتعليم والتعلمالتقنية  التعليمية  التقنية  )1434هـ/2013م(.  نيوباي، تيموثي؛ ستيبتش، دونالد؛ راس، جيمس.   

المملكة العربية السعودية: دار جامعة الملك سعود للنشر.
        •     الاقتباس من دورية: 

النافع، عبداللطيف حمود. )1427هــ(. أثر قيادة السيارات خارج الطرق المعبدة في الغطاء النباتي بالمنتزهات البرية: 
دارسة في حماية البيئة، في وسط المملكة العربية السعودية. المجلة السعودية في علوم الحياةالمجلة السعودية في علوم الحياة، 14)1(، 72-53.

        •     الاقتباس من رسالة ماجستير أو دكتوراه: 
القاضي، إيمان عبدلله. )1429هـ(. النباتات الطبيعية للبيئة الساحلية بين رأسي تنورة والملوح بالمنطقة الشرقيةالنباتات الطبيعية للبيئة الساحلية بين رأسي تنورة والملوح بالمنطقة الشرقية: 
دراسة في الجغرافيا النباتية وحماية البيئة. رسالة دكتواره غير منشورة، كلية الآداب للبنات، الدمام، المملكة العربية 

السعودية: جامعة الملك فيصل. 
        •     الاقتباس من الشبكة العنكبوتية (الإنترنت(:  

              - الاقتباس من كتاب: 
ــي  ــرِّف  الرقمـ ــي. المعـ ــم العالـ ــات التعليـ ــي مؤسسـ ــم الأداء فـ ــيتقييـ ــم العالـ ــات التعليـ ــي مؤسسـ ــم الأداء فـ ــي، م.ف. )2010م(. تقييـ ــي، م.ر. و المدنـ المزروعــــــــــــ
)DOI:10.xxxx/xxxx-xxxxxxxx-x(، أو برتوكـــول نقـــل النصـــوص التشـــعبي )...http://www(، أو الرقـــم المعيـــاري 

الدولـــي للكتاب  
                - الاقتباس من مقالة في دورية: 

المدني، م.ف. )2014(. مفهوم الحــوار في تقريب وجهات النظر. المجلة البريطانية لتكنولوجيا التعليمالمجلة البريطانية لتكنولوجيا التعليم، 11)6(، 
 )http://أو برتوكول نقل النصوص التشعبي )DOI:10.xxxx/xxxx-xxxxxxxx-x( 225-260. المعرِّف الرقمي
 )ISSN: 1467 - أو الرقم المعياري التسلسلي الدولي للمجلة ،onlinelibrary.wiley.com/journal/10.1111(

 .8535(
يلتزم الباحث بترجمة )أو رومنة( أسماء المصادر والمراجع العربية إلى اللغة الإنجليزية في قائمة المصادر والمراجع. 

وعلى سبيل المثال: 
الجبر، سليمان. )1991م(. تقويم طرق تدريس الجغرافيا ومدى اختلافها باختلاف خبرات المدرسين وجنسياتهم 
وتخصصاتهم في المرحلة المتوسطة بالمملكة العربية السعودية. مجلة جامعة الملك سعودمجلة جامعة الملك سعود-- العلوم التربوية العلوم التربوية، 3)1(، 

 .170-143
Al-Gabr, S. )1991(. The Evaluation of Geography Instruction and the Variety of its Teaching 
Concerning the Experience, Nationality, and the Field of Study in Intermediate Schools in Saudi 
Arabia )in Arabic(. Journal of King Saud University- Educational Sciences, 3)1(, 143-170.

16(  تستخدم الأرقام العربية الأصلية )0، 1، 2، 3، ...( في البحث.
تؤول جميع حقوق النشر للمجلة في حال إرسال البحث للتحكيم وقبوله للنشر.   )17

ثانيـاً: الأشياء المطلوب تسليمها 
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 يف ةدوجوملا تازلفلا ضعبو ةیئایمیكوزیفلا صاوخلا ریدقتل ةنراقم ةسارد
 تومرضح يداوب برشلا رابآ ضعب هایم
 1يسیقلا كرب دمحم 1ينینشاب حلاص دمحم )*(1دّـبُـع دیعس رینم
 )ـھ1445/2/21 يف رشنلل لبقو ؛ـھ1444/9/13 يف رشنلل مدق(
 
 ةیلیصوتلا ،ينیجوردیھلا مقرلا لثم ةیئایمیكوزیفلا صاوخلا ةنراقمو ةفرعم ىلإ ةساردلا هذھ تفدھ :ثحبلا صلختسم
 ،مویدوصلاك ةیسیئرلا تازلفلا تازیكرت ةنراقمو ةفرعم ىلإ ةفاضإ يلكلا ءاملا رسعو ةبئاذلا حلاملأا عومجم ،ةیبرھكلا
 رابآ ضعب يف ةدوجوملا صاصرلاو مویمداكلا ،نیصراخلا ،ساحنلا ،زینجنملا ،دیدحلا ،مویسنغملا ،مویسلاكلا ،مویساتوبلا
 مقرلا سایقم زاھجك ةثیدحلا ةزھجلأا نم ددع ةساردلا هذھ يف تمدختساو .تومرضح يداو تایریدم مھلأ برشلا هایم
 قوفو يئرملا فیطلل يئیزجلا صاصتملاا زاھجو بھللا ثاعبنا زاھج ،)AAS( يرذلا صاصتملاا زاھج ،ينیجوردیھلا
 ةذوخأم ةنیع 80 تعضخ نأ دعبف .ةینمیلاو ةیلودلا ةیسایقلا تافصاوملاو رییاعملاب اھیلع لصحتملا جئاتنلا تنروقو .يجسفنبلا
 وأ يلكلا ءاملا رسعب قلعتی امب ةیلودلا رییاعملا عم ةقباطتم ریغ طقف اھنم % 15 ھنأ اندجو ،لیلحت1680 يلاوحل رئب 40 نم
 ةقباطتم رابلآا هذھ نم % 85 نأ اضًیأ جئاتنلا ترھظأ دقف ةینمیلا سییاقملاو رییاعملل ةبسنلاب امأ .نداعملا ضعب زیكارت
 تغلب ةیلحملاو ةیلودلا رییاعملا عم ةمصاعلا نوئیس ةیریدم رابآ قباطت مدع ةبسن نأ جئاتنلا تصلخو .رییاعملا هذھ عم اھجئاتن

 دحلا تزواجتو قباطتلا مدع ترھظأ جئاتنلا نم % 55.6 نأ ثیح مابش ةیریدمل رملأا فلتخا نیح يف .طقف % 8.4 يلاوح
 يوضع ثولت يأ ةساردلا هذھ للاخ نم تبثی مل كلذك .ةسوردملا صاوخلا ضعب ثیح نم اًیلحمو اًیلود ھب حومسملا
 لوقلا نكمی اھیلع لصحتملا جئاتنلا بسحو .ةینكس قطانم نم برقلاب رابلآا هذھ ضعب دوجو مغر رابلآا هذھ يف تارتینلاب
 .ةیلاع ةرسع تاذ تناك نوئیس ةیریدم يف ةفرغلا رئب اضًیأو مابش ةیریدم يف ةطوحلا رئبو ةجوج لقح رابآ هایم مظعم نإ
  .ةحولم لقأ ىرخأ رابآب اھلادبتسا وأ رابلآا هذھ هایمل ةرمتسم ةیلوأ ةجلاعم لمعب يصون اننأف كلذل
 ةیلودلا ةیسایقلا تافصاوملاو رییاعملا ،بھللا ثاعبنا زاھج ،يرذلا صاصتملاا زاھج ،ةیسیئرلا تازلفلا :ةیحاتفم تاملك
 .ةینمیلاو
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 Comparative study to estimate the physicochemical 
properties and some metals existent in the water of 
some drinking wells by Valley Hadhramout 
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Abstract: Groundwater is one of the most important sources of drinking water; hence, this study aimed to know 
and compare between the physicochemical properties such as pH, conductivity, total Dissolved salts and total 
water hardness, in addition analyzing and studying some metals found in some drinking water wells in Hadhramout 
Valley, which are sodium, potassium, calcium, magnesium, iron, manganese, copper, zinc, cadmium and lead. 
With comparing it with international and Yemeni standards and specifications. In the analysis process, we used a 
number of modern devices such as the pH meter, the atomic absorption device (AAS), the flame photometer, and 
the visible - ultraviolet spectrum spectrophotometer. During this study, 80 samples from 40 wells were subjected 
to about 1680 analyzes. The results revealed that only15% of these wells do not conform with international and 
Yemeni standards and measurements. For example, in the wells of Seiyun directorate, we find that about 91.6% 
of which are consistent with international and Yemeni standards and measurements.  As another example, for the 
Directorate of Shibam, the results showed that 44.4% of the wells studied matched the international and Yemeni 
standards and measurements. Also, this study did not prove any organic pollution with nitrates in these wells, 
despite the presence of some of these wells near residential areas. At the end of this study, we recommend a 
continuous primary treatment for the water of wells that suffer from high salinity and hardness or to stop work in 
these wells and replace them with other less saline wells. 

Keywords: the main metals, flame photometer, atomic absorption device, international and Yemeni standards.  
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 :ةمدقملا -1
 مسج نزو يثلثف ،ةیحلا تانئاكلا مظعمل ساسلأا نوكملا ءاملا ربتعی
 لكشی ةیحلا تانئاكلا لكف طقف ناسنلإا سیلو ،ءام نع ةرابع ناسنلإا
 میظنت ىلع ءاملا لمعیو .)2014 ،ھتاحش( اھنزو نم ةیلاع ةبسن ءاملا
 طیشنت ىلع دعاسیو ةمزلالا ةبوطرلا ھحنمیو مسجلا ةرارح ةجرد
 نازتلاا ىلع هدعاسیو مومسلا نم مسجلا صلخیو نیتیلكلا فئاظو
 ةیئایمیكلا تایلمعلا نم ریثك يف طیسولا رودب موقی ثیح يئایمیكلا
 تومرضح يف ةیفوجلا هایملا ربتعتو .)2020 ،نامیلس( مسجلا لخاد
 ةبذعلا هایملل ردصم مھأ صاخ لكشب تومرضح يداوو امًومع
 هایملا نم 27 % يلاوح ىلع دمتعت يتلا ةعارزلل وأ برشلل ةحلاصلا
 ةیعانصلاو ةیلزنملا تامادختسلاا ىلإ ةفاضإ ،اھَّیر يف ةیفوجلا
 ارًوھدت تدھش نمیلا يف ةیفوجلا هایملا نأ لاإ .)2020 ،رابجلادبع(
 عم يفوجلا نوزخملا ةیذغت ةلق ببسب كلذو ،ةریخلأا ةرتفلا يف ارًیبك
 ثدحی امل ةفاضإ ھب ةرفوتملا هایملا كلاھتسا يف رئاجلا فازنتسلاا
 ةدمسلأاو ةیرشحلا تادیبملاو يحصلا فرصلا هایمل برست نم
  .)2004 ،يفینملا( ھیلإ ةعارزلا يف ةمدختسملا
 ةحلاصو ةیقن نوكت نأ برشلا هایم يف طرتشی ھنإ ثیحو      
 دقف اذھلف ،ةیئایمیكلا تاثولملا نم اھولخ عم يرشبلا كلاھتسلال
 برشلا هایمل ةیعونلا صئاصخلا دیدحتب ةقلعتملا تاصوحفلا تحبصأ
 يرود لكشب لمعت نأ بجی يتلاو ةبولطملا تاءارجلإا ةمدقم يف
 يوسوملا( ثولتلا نم عون يأ نم برشلا هایم ةملاس نم دكأتلل
 Gebresilasie, Berhe, Tesfay & Gebre ؛ 2010 ،ةزمحو

 هایملل ةیسایق تافصاوم تعضِوُ دقف تقولا سفن يفو )2021
 حومسملا تاثولملل )رایعملا( دحلاو هایملا هذھ صحف ةقیرط ةنمضتم
 نداعملا صقن نم نیكلھتسملا ةیامحل كلذو برشلا هایم يف اھدوجوب
 ،يثیدحلا( هایملا ربع لقتنت يتلا ضارملأا نم كلذكو اھب ممستلا وأ

 اذھ يف تیرجأ يتلا تاساردلا نمو .)Al-shaikh 2017 ؛1986
 ركبوبأ خیشلا لبق نم م2016 ةنس يف تیرجأ يتلا ةساردلا ،لاجملا

 سایقل لاكملا ةنیدمب يوناثلاو يساسلأا میلعتلا سرادم ضعب ىلع
 حلاملأاو ةرارحلا ةجرد لثم هایملل ةیئایمیكوزیفلا صاوخلا ضعب
 ةینمیلا ةیسایقلا تافصاوملاب اھتنراقمو اھریغو ةیلكلا ةبئاذلا
 ةیلقانلا ،ةیلكلا ةبئاذلا حلاملأا میق تداز املك ھنأ حضتا دقو ،ةیملاعلاو
 تداز ةراكعلاو ،نیجوردیھلا نویأ زیكرت ،ةرارحلا ةجرد ،ةیبرھكلا
  برشلل اھتیحلاص مدع ىلع لدی امم ،هایملا يف ایریتكبلا دادعأ

(Bin Hameed & Bin Alshikh Bubkr, 2019) ربتعت امًودو 
 يئایزیف ثولتلا اذھ ناك ءًاوس اھعاونأ ةفاكب برشلا هایم ثولت ةلكشم
 متھا يتلا تاعوضوملا لئاوأ نم يعاعشإ وأ يویح وأ يئایمیك وأ
 ةرورضو ةیمھأ نم ءاملل امل ثولتلا لاجمب نوصتخملاو ءاملعلا اھب
 عوضوملا اذھل يطعی ام وھو ،)2010 ،دمحأو دمحم( ةایحلل ىوصق
 ضعب زیكارت ریدقتب ماق يذلا دابع نب لثم نیثحابلل ةریبك ةیمھأ
 يف برشلا هایم تانیعل يجولویبوركیملا صحفلاو ةلیقثلا نداعملا
 ترھظأ دقو ،)2019 ،دابع نب( تومرضح لحاس قطانم ضعب
 نداعملا مھأ زیكرتو ينیجوردیھلا سلأا سایق طسوتم نأ ھجئاتن

 بسح برشلا هایمل اھب حومسملا دودحلا نمض عقت تانیعلا مظعمل
 نم ریثكلا كانھ نأ مغرو .ةیلودلاو ةینمیلا ةیسایقلا تافصاوملا
 ،مویسلاكلا ،مویدوصلا لثم ناسنلإا مسجل ةفلتخملا نداعملل دئاوفلا
 ساحنلا ،دیدحلا ،مویمداكلا ،صاصرلا ،مویسینغملا ،مویساتوبلا
 ةیویحلا تلاعافتلا يف دعاستو ماظعلاو ایلاخلا ينبت يھف اھریغو
 ماھملا نم اھریغو تلاضعلاو باصعلأل تاراشلإا لسرتو مسجلاب
 امًاسو لب ارًاض نوكی ةریبك تایمكب اھكلاھتسا نأ لاإ ،ناسنلإا مسجب

(Kheiralla, Goja, Bakheet, Al-Gamdi & Sadath 
 لخاد يویحلا اھمكارت نم ةلیقثلا نداعملا ةروطخ يتأتو ،(2020

 وأ )ضیلأا( يئاذغلا لیثمتلا ةیلمع نم عرسأ لكشب ناسنلإا مسج
 ،ةیئاملا دراوملل ةماعلا ةئیھلا ؛2009 ،ركاشو رابز( اھجارخإ

 ،برشلا هایم ةدوجب مامتھلاا نم ریثكلا كانھ ناك اًیبرعو .)1999
 ،م2002 ةنسب دھاز ةسارد اھنم كلذل تاساردلا نم ریثكلا تلمع دقو
 ةكلمملا يف ةدروتسملاو ةیلحملا ةأبعملا برشلا هایم ةدوج ریدقتل
 ةیدوعسلا سییاقملاو تافصاوملاب اھتنراقمو ،ةیدوعسلا ةیبرعلا
 ةیئایزیفلا رییاعملا مییقت ةساردلا هذھ للاخ نم متو ،ةیملاعلاو
 ةیلحملا فانصلأا نأ جئاتنلا ترھظأو .ةیجولویبوركیملاو ةیئایمیكلاو
 ينیجوردیھلا مقرلا ادع امیف تافصاوملل ةقباطم تناك ةدروتسملاو
 يف زینجنملاوً ایلحمً افنص 15 يف دیارولفلاو دحاو فنص يف pH لا

 .)2002 ،دھاز( ةدروتسم فانصأ 6وً ایلحمً افنص 12
 يف مھتقث ةلقو تومرضح يداوب نییلحملا ناكسلا فوزعل ارًظنو    
 هایمو ةیلحتلا هایم ىلع ریبك لكشب مھدامتعاو ةماعلا برشلا هایم
 مھعفدو ةدروتسملاو ةیلحملا ةأبعملا برشلا هایمو ةیلزنملا رتلافلا
 نم ثدحی امل ةفاضإ ،مھلھاك لقثت ةیلام غلابم اھیلع لوصحلا لباقم
 قیرط نع ةیفوجلا هایملا رداصمب يحصلا فرصلا هایمل طلاتخا

 ةضرعمو ةمیدق هایملا لقنل تاكبش مادختسا كلذكو تارایبلا رفح
 اذھو .ءادصلا تافلخمب اھثولت ىلإ يدؤی دق امم أدصلاو لكآتلل اھبیبانأ
 ،برشلل هایملا هذھ ةمئلام تبثت يتلا تاساردلا ةلق عم قفارتی ھلك
 تاساردلا عم قفتت يتلاو ةساردلا هذھ لمعل كلذ لك ىعدتسا دقف
 عمج يف ةقیرطلا ثیح نم عوضوملا اذھ يف ةیربتخملا ةیبیرجتلا
 يف سایقلاو لیلحتلل تانیعلا هذھ عاضخإ مث اھرداصم نم تانیعلا
 ىلع فرعتلل ةعونتملا ةزھجلأاو ةفلتخملا قرطلا مادختساب ربتخملا
 ةیلیصوتلا ،ينیجوردیھلا مقرلا :اھنم يتلاو ةیئایزیفلا صاوخلا
 ،ةقلاعلا ةبلصلا داوملا عومجم ،ةبئاذلا حلاملأا عومجم ،ةیبرھكلا
 :اھنم يتلاو ةیئایمیكلا صاوخلا وأ ،)2017 ،ناولع( ةیلكلا ةرسعلا
 ،مویسلاكلا ،مویسنغملا ،مویساتوبلا ،مویدوصلا زیكارت ىلع فرعتلا
 فرعتلا دنعو .اھریغو ،تانوبركیبلا ،تاتیربكلا ،قبئزلا ،دیدحلا

 رییاعملاو ةیملاعلا ةحصلا ةمظنم رییاعمب اھتنراقم متت ،جئاتنلا ىلع
 ىلع مكحلل اھفلاتخا وأ اھقباطت ىدم ةفرعمل ةینمیلا تافصاوملاو
 لولحلا عضوو ،برشلل اھتیحلاص ىدمو برشلا هایم صئاصخ
 اھریغ وأ هایملا هذھل ةجلاعملا قیرط نع امإ تلاكشملا ىلع بلغتلل
  .لولحلا نم
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 :ضرعلا -2
  :تانیعلا عمجو ةساردلا عقوم -1 –2
 ،ةیمھأ اھرثكأو نمیلا تاظفاحم ربكأ تومرضح ةظفاحم ربتعت
 ءارحصو يداو -2 تومرضح لحاس -1 ىلإ اًیرادإ مسقنتو
 توافتت لابج يداولاو لحاسلا تومرضح نیب لصفتو .تومرضح
 نایدو ربكأو مھأ نم تومرضح يداو ربتعیو .اھعافترا يف
 1850نم رثكأ ىلإ لصت ةحاسم ىلع دتمی ثیح ةینمیلا ةیروھمجلا
 دتمیو ةفاجلا قطانملا نم وھو ،)2000 ،نابصلا( عبرم رتمولیك
 ةظفاحم توحیس يف ھبصمب يھتنیو اًبرغ نیتعبسلا ةلمر نم
 17- 15 ضرع يطخ نیب عقیو ،يبرعلا رحبلا ىلع ةعقاولا ةرھملا
 نع ھعافترا حوارتیوً اقرش ةجرد 51-46 لوط يطخوً لاامش ةجرد
 ریبكلا يفارغجلا دادتملاا اذھ يفو .رتم 700-600 نیب رحبلا حطس
 كلذك كانھو .نلآا ىتح ةمئاق اھملاعم تلازام تاراضح تبقاعت
 يداولل يسیئرلا ىرجملا يف بصت يتلا ةیعرفلا ةیدولأا نم ةعومجم
 .)2012 ،نموماب( اھریغو نعود يداوو دمع يداوو رس يداو لثم
 مھأ نم يھو :نوئیس -1 :تومرضح يداو تایریدم مھأ نمو
 :میرت -2 .نوئیس ةمصاعلا يھو ھندم ربكأ اھبو يداولا تایریدم

 مھأ نم يھو راضحملا دجسم اھرھشأو اھدجاسم ةرثكب رھتشت يتلاو
 ندملا نم اضًیأ ربتعت يتلاو :مابش -3  .تومرضحب ةیخیراتلا ندملا
 ةیریدم يھو :نطقلا -4 .ةیلاعلا ةمیدقلا اھینابمب رھتشتو ةیخیراتلا

 :هاس -5 .ةعارزلل ةحلاصلا عرازملا ةرثكب رھتشت ةبصخ ةیعارز
 يھو راطملأا هایمو لویسلا قیرط ىلع زیمتم عقوم يف عقت يتلاو
 ةفاضإ ةیرثلأاو ةیحایسلا قطانملا نم ریثكلا نضتحی رضخأ طاسب
 ،يلودلا نواعتلاو طیطختلا ةرازو( طفنلا جاتنإو بیقنتلا عقاومل

2015(.   
 رابآ نم رئب 40 نم برشلا هایمل ةنیع 80 عمج مت ةساردلا هذھ يفو
 قطانمل يحصلا فرصلاو هایملل ةیلحملا ةسسؤملل ةعبات لوقحو
 ،رئب لكل نیتنیع لدعمبو ،تومرضح ةظفاحمب ءارحصلاو يداولا
 رھشلا نیب ام ةیناثلاو ىلولأا ةنیعلا ذخأ نیب ام ةینمزلا ةرتفلا تناكو
 سمخ ىلع ةعزوم تناك رابلآا هذھو ،نیرھشلا ىلإ فصنلاو
 يھو تومرضح ةظفاحمب ءارحصلاو يداولا تایریدم نم تایریدم
 ىلع رابلآا هذھ عیزوتو .هاس – نطقلا – مابش – میرت – نوئیس
  .)1( لودجلا يف حضوم اھقامعأو تایریدملا

 :)1( لودج

 .اھقامعأو تایریدملا ىلع رابلآا عیزوتو ددع 
 رتملاب رابلآا قمع طسوتم رابلآا ددع لقحلا ةیریدملا

 230 13 ةفرغلا ،ةمثج نوئیس
 132-170 9 نومد میرت

 245 9 ةطوحلا ،ھجوج ،حشوم مابش
 225 5 ناضمحلا بعش نطقلا

 200- 100 4 هاس هاس
 )نمیلا -تومرضح ةظفاحم -ءارحصلاو يداولا تایریدم -يحصلا فرصلاو هایملل ةیلحملا ةسسؤملا( 

 رھش ىلإ م 2021 ربمسید رھش نم ةرتفلا يف تانیعلا عمج مت دقو
 نیب ام وجلا ناك ثیح عیبرلاو ءاتشلا يلصف يف يأ م2022سرام
 ةدمل لیسی ءاملا كرتو لماك لكشب ةیفنحلا حتف دعبف .درابو لدتعم
 ينانق يف ةبولطملا ءاملا ةنیع عمج اھدعب متی قئاقد سمخ ىلإ ثلاث
 عم ةرشابم ةبلعلا ىطغت مث لم 050 ةعس ةفیظن ةیجاجزو ةیكیتسلاب
 دبع ؛1999،ةیئاملا دراوملل ةماعلا ةئیھلا( ةبلعلا ءاطغل ةیامح عضو
 نیح ىلإ داربلا يف تانیعلا هذھ ظفحت مت .)1996 ،كرابمو ظفاحلا
 48 لا زواجتت لا ةینمز هرتف للاخ لیلحتلل ربتخملا ىلإ اھلوصو
 .ةعاس

 :ةزھجلأاو داوملا - 2-2
 ةیلاعلا ةواقنلا تاذ ةیئایمیكلا داوملا نم دیدعلا مادختسا مت دقل
 تلمش يتلاو ةیزیلجنلإا BDH ةكرش لبق نم اھلك ةعونصم
, 3(99%), CaCO 2Na-NaOH (99.5%), EBT, EDTA

NaOH (99%), Murrexide (98%), KCl (97%), 
(100%),  2(99.9%), PbCl 2(98%), CdCl 4CuSO

(99%)   4ZnSO. ربتخم نم لاًك يف تانیعلا لیلحت ةیلمع تمتو 
 يداولا قطانمل يحصلا فرصلاو هایملل ةیلحملا ةسسؤملا
 يف .نوئیسب ةیعارزلا ثوحبلا ةطحم ربتخم يف اضًیأو ،ءارحصلاو
 pH-meter ينیجوردیھلا مقرلا سایق زاھج مادختسا مت ةساردلا هذھ
 ةیلیصوتلا سیقی تقولا سفن يف يذلاو HQ40d لیدوملا وذ
 يئرملا فیطلل يئیزجلا صاصتملاا زاھج ىلإ ةفاضإ ،ةیبرھكلا
 يف ناعونصم نازاھجلاو Spectrophotometer يجسفنبلا قوفو
 نادوجومو HACH ةكرش لبف نم ةیكیرملأا ةدحتملا تایلاولا
 .ءارحصلاو يداولاب يحصلا فرصلاو هایملل ةیلحملا ةسسؤملاب
 Atomic يرذلا صاصتملاا فیط زاھج مادختسا مت كلذك

Absorption Spectrometer )AAS( ةكرش نم Philips 
 Flame Photometerيبھللا يرذلا ثاعبنلاا زاھج عم ةیزیلجنلإا
 ربتخم يف نادوجوم نازاھجلاو ،ةیزیلجنلإا jeu way ةكرش نم
  .نوئیسب ةیعارزلا ثوحبلا ةطحم

 :)Titration( ةریاعملا ةطساوب برشلا هایم تانیع لیلحت -2-3
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 ،مویسنغملاو مویسلاكلا ریدقتل ةساردلا هذھ يف ةریاعملا تمدختسا
  .مویسلاكلا رسعو مویسنغملا رسعو يلكلا ءاملا رسع اضًیأو

 :TH( Total Hardness( يلكلا رسعلا داجیإ -2-3-1
 هایملا ةنیع نم )رتیلیلم 50( بسانم مجح بسانم مجح عضو مت       
 نم رتیلیلم 2 اھل اًفاضم بسانم يطورخم قرود يف ةسوردملا
 EBT ـلا لیلد نم ةطیسب ةیمكو ،)pH 10( مظنملا لولحملا
)Eriochromo Black T( 0.5 طلخ قیرط نع رضحی يذلاو 
 مویدوصلا دیرولك نم مارج 100 عم EBT ـلا ةغبص نم مارج
-EDTA لولحمب ةطساوب ةریاعملا اھدعب متت ،اًدیج اطًلخ ناطلخیو
2Na )Ethylene diamine tetra acetic acid disodium( وذ 
 يجسفنبلا نوللا لوحت نیحل ةحاحسلاب عوضوملاو 0.01M زیكرتلا
 زیكرت بسحن اھدعبو .ةحاحسلا ةءارق لجست مث قرزلأا نوللا ىلإ
 /مارجیلملا زیكرتب مویسلاكلا تانوبرك ةئیھ ىلع تانیعلل يلكلا رسعلا
  .1 ةلداعملا مادختساب رتل

                        !(#$%&)	)	*++	)	*+++	)	,-	./.01./23
41,5-6	72-8,6	(,-)

= 3  TH as CaCO

(1) 
 ,Ryan and Garabet)( يرلاوملا زیكرتلا انھ لثمت M نأ ثیح

1996. 

 :)Ca Hardness( هرسعو مویسلاكلا ریدقت -2-3-2
 فاضیو ،يطورخملا قرودلاب هایملا ةنیع نم رتیلیلم 50 عضو مت
 1N زیكرتلا وذ مویدوصلا دیسكوردیھ لولحم نم رتیلیلم 2 اھیلإ
 دیسكوریملا لیلد نم ةطیسب ةیمك عم ،ينیجوردیھلا سلأا عفرل كلذو

Murexide )ةغبص نم مارج 0.2 طلخ قیرط نع رضحی يذلاو 
ً اطلخ ناطلخیو ،مویدوصلا دیرولك نم مارج 100 عم دیسكوریملا

 وذ 2Na-EDTA لولحم ةطساوب ةریاعملاب اھدعب انمق مث ،ً)ادیج
 ىلإ يدرولا نوللا لوحت نیحل ةحاحسلاب دوجوملا 0.01M زیكرتلا
 مویسلاكلا زیكرت باسح مت مث ،ةءارقلا اھدنع تلجسو قرزلأا نوللا
 تمدختساف 3 ةلداعملا امأ .2 ةلداعملا قیرط نع رتل /مارجیلملاب

 .مویسلاكلا رسع داجیلإ

                                           !(#$%&)	)	9+.+;	)	*+++	)	,-	./.01./23
41,5-6	72-8,6	(,-)

=     Ca

(2) 

Ca Hardness  = !(#$%&)	)	*++	)	*+++	)	,-	./.01./23
41,5-6	72-8,6	(,-)

                                

(3) 

 لاو ،مویسلاكلا تانوبركل يئیزجلا نزولا لثمت انھ 100 نأ ثیح
 .مویسلاكلل يرذلا نزولا لثمت 40.08

 :هرسعو مویسینغاملا ریدقت -2-3-3

 ةرقفلا يف مویسلاكلل اھیلع لصحتملا میقلا نمً ایباسح هریدقت مت دقو
  .5و 4 نیتلداعملا مادختساب كلذو ةقباسلا

Mg mg/L  = 		%<	–	(>1	)	?.@)
9.**

                                                                    
(4)  

 ةبسن يھ 2.5 لاب دوصقملا امنیب ،يلكلا ءاملا رسع وھ TH نأ ثیح          
 دوجو نع ربعت 4.11و  .ةیضرلاا ةرشقلا يف مویسنغملا دوجو
 Rodger, Andrew and) ةیضرلأا ةرشقلا يف مویسلاكلا

Eugene, 2017). 
 ءاملا رسع = مویسنغملا رسع                            )5(        

 مویسلاكلا رسع – يلكلا

 Flame( يبھللا يرذلا ثاعبنلاا زاھج مادختساب لیلحتلا -2-4
Photometer(: 

 وبأ( رصانعلا ریدقتو ةفرعمل لئاسولا مدقأ نم ةینقتلا هذھ ربتعت
 لاًك ریدقتل زاھجلا اذھ مادختسا مت ةساردلا هذھ يفو .)2012 ،شابكلا
 يفف .ةساردلا دیق برشلا هایم تانیع يف مویساتوبلاو مویدوصلا نم
 تعضو مث ،اھب ةقلاع داوم يأ نم صلختلل تانیعلا حیشرت مت ةیادبلا
 لیوطلا نزخلا نأ ةاعارم عم نیلیثیإ يلوب تاوبع يف تانیعلا هذھ
 للاخ نم رخبتلا دقاف ببسب ثدحی لاأ بجی ةیكیتسلابلا تاوبعلا يف
 لاعشإب زاھجلا لیغشت للاخ نم ریدقتلا ةیلمع متتو .ءاطغلا وأ ءاعولا
 بھللا ةدش طبض مث نخسی يكل رثكأ وأ قئاقد رشع ةدمل ھكرتو بھللا

 عضو يف زاھجلا عضو متی كلذ دعب .زاغلا مامص كیرحت قیرط نع
 دنعو ،مویدوصلا ریدقت ةلاح يف مویدوصلا رتلف دنع مویدوصلا سایق
 دنع مویساتوبلا سایق عضو يف زاھجلا عضو متی مویساتوبلا ریدقت
 مت دقو .رطقملا ءاملا مادختساب زاھجلا رفصی اھدعب .مویساتوبلا رتلف
 قیقد لكشب ةرضحم رتل / مارج 10زیكرتب ةیسایق لیلاحم ریضحت
 رصنع لكل ةیزیلجنلإا BDH ةكرش نم ةعنصم ةیقن داوم نم
 صاصتما سایق اھدعب متی .)مویساتوبلا دیرولكو مویدوصلا دیرولك(
 مث ھتابلطتم بسحب رصنع لكل زاھجلا ىلع ةیسایقلا لیلاحملا هذھ
 زیكارت داجیإ ةیلمع تمت اھدعب .رطقملا ءاملاب زاھجلا ریفصت داعی
 /مارجیلملا ةدحوب برشلا هایم تانیع لك يف مویساتوبلاو مویدوصلا
 اھدعب مدختسنو .رصنع لكل بسانملا يجوملا لوطلا دنعو رتل
 يف مویساتوبلاو مویدوصلا يرصنع زیكرت داجیلإ يلاتلا نوناقلا

 :برشلا هایم تانیع
  = ppm ةدحوب رصنعلا زیكرت                             )6(

يسایقلا 	 لولحملا 	 زیكرت
ھتءارق

  X   ةنیعلا ةءارق 

 يئرملا فیطلل يئیزجلا صاصتملاا زاھج مادختساب لیلحتلا -2-5
 :Spectrophotometer يجسفنبلا قوفلاو
 دیدحلا يرصنع ریدقتل ةساردلا هذھ يف زاھجلا اذھ مدختسا        
 بجی لیلحتلا دنعو .ةساردلا دیق برشلا هایم تانیع يف زینجنملاو
 نكمی باذملا دیدحلا نإف اھنزخو تانیعلا ذخأ دنع ھنأ ةاعارم لاًوأ انھ
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 حطس ىلع اضًیأ بسرتی نأ نكمملا نمو ةدسكلأا لماوعب دسكأتی نأ
 ضماح نم رتیلیلم 1.5 ةفاضإب اذھ عنم نكمی اذلو ،ةنیعلا ءاعو
 ةیلمعلو .اھعمج دعبً ةرشابم ةنیعلا نم رتل لكل زكرملا كیرتنلا
 مث لاًیلق راظتنلااو زاھجلا لیغشتب لاًوأ موقن ،زاھجلا ىلع لیلحتلا
 265 دنع دیدحلا سایقل بسانملا يجوملا لوطلا ىلع زاھجلا طبضن

nm 552 دنع زینجنملا سایقلو nm.  ایلاخ نم نیتیلخ اھدعب لأمن 
 نم ةنیع لكل زتراوكلا نم ةعونصملاو زاھجلاب ةصاخلا سایقلا
 ىدحإ ىلإ دیدحلاب صاخلا فشاكلا فیضنو اھسایق دارملا تانیعلا
 دیدحلا ریدقت ةلاح يف فشاكلا اھب يتلا ةیلخلا ةیطغت عم نیتیلخلا
 كرتنو ،زینجنملا ریدقت ةلاح يف زینجنملاب صاخلا فشاكلا لامعتساو
 ءاھتنا دعبو ،لعافتلل مزلالا تقولا وھو قئاقد 3 ةدمل اھدعب ةنیعلا
 لاًوأ )Blank( فشاكلا ىلع ةیوتحملا ریغ ةیلخلا لخدن لعافتلا تقو
 ىلع ةیوتحملا ةنیعلا لخدن اھدعب مث Zero رزلا ىلع طغضنو
 بولطملا زلفلا زیكرت أرقنو Read رزلا ىلع طغضنو فشاكلا
 .رتل /مارجیلملا ةدحوب

    :(AAS) يرذلا صاصتملاا زاھج مادختساب لیلحتلا -2-6
 ،طافشلا( ھعباوت عیمج عم يرذلا صاصتملاا زاھج مادختسا انھ مت
 كلذو .)ةقلاعلا تاذ ىرخلأا عباوتلاو سایقلا ایلاخو ،زاغلا ةناوطسا
 Zinc )كنزلا( نیصراخلاو Copper ساحنلا تازلف نم لاًك ریدقتل
 قیقحتلو .Cadmium مویمداكلاو Lead صاصرلاریدقتل كلذكو
 بھللا ةدش طبض عم بھللا لاعشإو زاھجلا لیغشت ةیادبلا يف مت ،كلذ
 يكل اًبیرقت قئاقد رشع ةدمل كرتیو ،زاغلا مامص كیرحت قیرط نع
 لك يف بولطملا رصنعلا سایق دنع زاھجلا عضو متی اھدعب مث نخسی
 324.8 ساحنلا( رصنع لكل بسانملا يجوملا لوطلا دیدحتبو ةرم

nm، 213.9 نیصراخلا nm، 217صاصرلا nm  مویمداكلاو 
228.8 nm(. دقو .رطقملا ءاملا مادختساب زاھجلا رفصی اھدعبو 

 تازلفلل )ppm 1( رتل /مارجیلم 1 زكرتب ةیسایق لیلاحم ترضح
 رصانعلا نم رصنع لكل ةیقن داوم نم ةقدب ةرضحمو ،ةسوردملا

 نیصراخلا تاتیربك ،4CuSO ساحنلا تاتیربك( ةسوردملا
4ZnSO، 2 صاصرلا دیرولكPbCl 2 مویمداكلا دیرولكوCdCl(. 
 ءاملاب زاھجلا ریفصت داعی زاھجلاب يسایقلا لولحملل سایق لك دعبو
 ءام تانیع يف بولطملا زلفلا زیكرت سایق اھدعب متی مث رطقملا
 اذإو .رتل /مارجیلم ةدحوب زاھجلا نم ةمیقلا ذخؤتو ةسوردملا برشلا
 متی رتل/مارجیلم 1 نم ىلعأ ةنیعلل زاھجلا ىلع ةءارقلا ةمیق تناك
 .فیفختلا لماعم يف كلذ دعب ةءارقلا برضتو رطقملا ءاملاب اھفیفخت
 .رصنعلا زیكرت داجیلإ ةیتلآا ةلداعملا مدختسنو
 = ppm ةدحوب رصنعلا زیكرت                                 )7(

يسایقلا 	 لولحملا 	 زیكرت
ھتءارق

  X   ةنیعلا ةءارق 

)8(  

 ةیبرھكلا ةیلیصوتلاو )pH( ينیجوردیھلا سلأا سایق -2-7
 :ةسوردملا برشلا هایم تانیعل ةبئاذلا حلاملأا عومجمو
 حلاملأا عومجمو ةیبرھكلا ةیلیصوتلاو ينیجوردیھلا سلأا سایقل
 وھو زاھجلا سفن ىلع اھلك متت يھف ،ةساردلا دیق ءاملا تانیعل ةبئاذلا

pH meter، مث رطقملا ءاملاب اًدیج زاھجلا باطقأً لاوأ لسغُت ثیح 
 مادختسا لبق معانلا قرولا لیدانم ةطساوب قفرب باطقلأا ففجت
 ةصاخلا ةمظنملا لیلاحملاب زاھجلا ةریاعم متت كلذ دعبو .زاھجلا
 ذخأ مت دقو .ھطبضو مادختسلال ھتیحلاص نم ققحتلل كلذو زاھجلاب
 اًدیج جرتو فیظن يجاجز قرود يف اھعضوو دارفنا ىلع ةنیع لك
 تانیعل ةبولطملا صاوخلا سایق ةیلمع تمت كلذ دعبو ،اھتسناجمل
 ةجیتنلا نیودتو ةنیعلا يف زاھجلا يبطق عضوب كلذو ةذوخأملا هایملا

 .رخآو سایق لك نیب رطقملا ءاملاب زاھجلا يبطق لسغ متی نأ ىلع
 .كلذ دعب تاءارقلا طسوتم ذخأو ،ةنیع لكل تاءارق ثلاث ذخأ مت دقو
 قیرط نع اھذخأ متی ةبئاذلا حلاملأا عومجم ةءارق نأ ملعلا عم

 نمیلاب صاخلا لماعملا يف ةنیعلل ةیبرھكلا ةیلیصوتلا ةمیق برض
 .0.65 وھو

 
 :)2(لودج

 اھسایق وأ اھلیلحت ةقیرطو اھسایق مت يتلا رصانعلا حضوی 
 

 لیلحتلا ةقیرط رصنعلا مقرلا

 ةریاعملا مویسلاكلا 1

 ةریاعملا مویسنغملا 2

 يبھللا يرذلا ثاعبنلاا مویدوصلا 3

 يبھللا يرذلا ثاعبنلاا مویساتوبلا 4

 يرذلا صاصتملاا نیصراخلا 5

 يجسفنبلا قوفلاو يئرملا فیطلل يئیزجلا صاصتملاا زینجنملا 6
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 يرذلا صاصتملاا ساحنلا 7

 يجسفنبلا قوفلاو يئرملا فیطلل يئیزجلا صاصتملاا دیدحلا 8

 يرذلا صاصتملاا صاصرلا 9

 يرذلا صاصتملاا مویمداكلا 10

 
 
 
 
 
 :ةشقانملاو جئاتنلا -3
 سمخلا لمشت يتلاو رئب 40 نم ةعومجم ةنیع 80 عاضخإ دعب
 ةیلحملا ةسسؤملا ربتخم يف سایقلاو لیلحتلل ةفدھتسملا تایریدملا
 ،نوئیسب ةیعارزلا ثوحبلا ربتخمو يحصلا فرصلاو هایملل
 اھللاخ نم مت يتلاو ،اًقباس ةروكذملا ةفلتخملا ةزھجلأا مادختسابو
 ةیلیصوتلا لثم برشلا هایم تانیعل ةیئایمیكوزیفلا صاوخلا داجیإ
 ينیجوردیھلا مقرلاو ةیلكلا ةبئاذلا حلاملأا عومجم ،ةیبرھكلا
 مویساتوبلاو مویدوصلا تازلف زیكارت ریدقت ىلإ ةفاضإ اذھ ،اھریغو
 ساحنلاو زینجنملاو صاصرلاو دیدحلاو مویسنغملاو مویسلاكلاو
 هذھ لكل نیتءارقلا طسوتم ذخأ مت نأ دعبو .مویمداكلاو كنزلاو
 اھیلع لصحتملا جئاتنلا هذھ ةنراقم كلذ دعب مت تاریدقتلاو صاوخلا
 صاوخلا نم لكل ةینمیلاو ةیلودلا سییاقملاو رییاعملا عم
 لصحتملا جئاتنلا تناكو .ةساردلا دیق تازلفلا زیكارتو ةیئایمیكوزیفلا

 :يتلآاك اھیلع

 هایم تانیعل ةیبرھكلا ةیلیصوتلاو ينیجوردیھلا مقرلا میق -3-1
  :ةسوردملا برشلا
 ينیجوردیھلا مقرلا میقل ةساردلا دیق رابلآا عیمج تاءارق طسوتم نأ
 مقر نوئیس رئبل ھل ةمیق ىندأ تناك ثیح )8.04 – 7.29( نیب تناك
 ىلإ ام اعًون لیمت يھف ةیلبقلا ةجوج رئبل يھ ھل ةمیق ىلعأ امنیب )9(
 ينیجوردیھلا مقرلا میقل ىلعلأا دحلاو ىندلأا دحلل ةبسنلابو .ةیولقلا
 تومرضح يداوب هایملا ةسسؤمل ةعباتلا سمخلا تایریدملا رابآ هایمل
 نوئیس ةیریدم يفف ،ھب حومسملا دحلا راطإ يف عقت اًبیرقت اھعیمجف
 )9( مقر نوئیس يرئبل 7.74 – 7.29 نیب ام میقلا هذھ تحوارت
 مقرلل ةمیق ىندأ نأف ،مابش ةیریدم امأ .يلاوتلا ىلع )2( مقر نوئیسو
 ةمیق ىلعأ امنیب ،7.45 تناكو )3( مقر حشوم رئبل يھ ينیجوردیھلا
 ةمیق ىلعأ اضًیأ ربتعت يتلاو 8.04 اھرادقمو ةیلبقلا ةجوج رئبل تناك
 طسوتملا يف حجرأتت میقلا نأف ،میرت ةیریدم يفو .لكك رابلآا عیمجل
 ىلع )2( مقر میرتو )7( مقر میرت يرئبل 7.90 – 7.55 نیب ام
 ةیریدم رابلآ ينیجوردیھلا مقرلا میق طسوتم ذخأ دنعو .يلاوتلا
 رئبل ةمیق ىلعأو )6( مقر ناضمحلا رئبل تناك ةمیق ىندأف ،نطقلا

 ىلع 7.84 – 7.52 میقلا نارئبلا ناذھ تلجسو )2( مقر ناضمحلا
 ام وھ انیدل لجسملا میقلا طسوتم نوكی هاس ةیریدمب ارًیخأو .يلاوتلا
 ةمیق ىلعأو )3( مقر هاس رئبل ھل ةمیق ىندأ يف 7.86 – 7.68 نیب
 هذھ نأف امًومعو .میقلا هذھ حضوی )3( لودجو )1( مقر هاس رئبل
 برشلا رابآ ضعبل ةقباس تاسارد ھیلإ تلصوت ام عم قفتت جئاتنلا
 لثم ،مھیدل ةسوردملا رابلآل ينیجوردیھلا مقرلا میق ثیح نم نمیلاب
 Bin ؛2007،فریتماب( ىیحی نبو نسحو فریتماب تاسارد

yahia, 2005؛ (Hassan, Mugbil and Alballem 2008. 
 ةساردلا دیق رابلآا عیمجل EC)( ةیبرھكلا ةیلیصوتلا میق طسوتم امأ
 ثیح ،مس /سنمیس وركیم )2220 - 753( نیب ام تحوارت دقف

 رادقمب 4 مقر هاس رئب اھیلت )13( مقر نوئیس رئبل ةمیق ىندأ تلجس
 ةجوج رئب بیصن نم يھف ةمیق ىلعأ امأ .مس /سنمیس وركیم 767

 ةعفترملا ةمیقلا هذھو ،2168 رادقمب ةفرغلا رئب اھیلیو مابشب ىطسولا
 مقرلا میق جئاتن ىلإ رظنلابو .اًیملاع ھب حومسملا دحلا تزواجت
 ىرن ،ماع لكشب اھیلع لصحتملا ةیبرھكلا ةیلیصوتلاو ينیجوردیھلا
 ةیلحملا ةسسؤملل ةعباتلا تومرضح يداوب برشلا رابآ هایم مظعم نأ
 ةیسایقلا تافصاوملا عم اًبیرقت ةقباطتم يحصلا فرصلاو هایملل
 ةفرغلا رئب ادعام ةینمیلا تافصاوملاو ةیملاعلا ةحصلا ةمظنمل
 میق تناك ثیح مابش ةیریدمب ىطسولا ةجوج رئبو نوئیس ةیریدمب
 ھب حومسملا دحلا تزواجت دق نیرئبلا نیتاھل ةیبرھكلا ةیلیصوتلا

 % 49 ىلإ تلصو ةدایز ةبسنب ةیملاعلا ةحصلا ةمظنم رییاعم بسح
 ،امھب ةحولملا ةبسن عافترا ىلإ ةحضاو ةللاد لدی امم نیرئبلا كلتل
 تافصاوملا بسح ھب حومسملا دحلا راطإ يف نلاازی لا امھنكل
 طسوتم ىلعأ تلجس مابش ةیریدم نأ ظحلان )3( لودجلا نمو .ةینمیلا
 نإ ثیحو .اھب ةساردلا دیق رابلآا عیمجل ةبسنلاب ةیبرھكلا ةیلصوملل
 حلاملأا عومجمو ةیبرھكلا ةیلیصوتلا نیب يدرط بسانت كانھ
 حلاملأا عومجمل ةدایز امًئاد اھلباقی ةیلصوملاب ةدایز يأف ،ةبئاذلا
 ,Gharan( ةقباس تاسارد ھیلا تلصوت ام عم قفاوتی اذھو ،ةبئاذلا

Bharti, Giri and Kumar 2023)(.  
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 :)3( لودج
 .ةسوردملا برشلا تانیعل مس /زوم وركیملاب EC ةیبرھكلا ةیلیصوتلاو pH ينیجوردیھلا مقرلا میقل ةیئاھنلا جئاتنلا حضوی 

 
 نطقلا ةیریدم هاس ةیریدم میرت ةیریدم مابش ةیریدم نوئیس ةیریدم

 EC pH رئبلا EC pH رئبلا EC pH رئبلا EC pH رئبلا EC pH رئبلا

 ةجوج 7.68 1098 1 نوئیس
 میرت 8 1449 ةیقرشلا

88 1 هاس 7.79 1067 1
ضمحلا 7.86 6

 7.84 1246 2 نا

 ةجوج 7.74 922 2 نوئیس
 میرت 8.04 1518 ةیلبقلا

83 2 هاس 7.90 1023 2
ضمحلا 7.85 2

 7.62 1203 3 نا

 ةجوج 7.68 849 3 نوئیس
 میرت 7.58 2220 ىطسولا

86 3 هاس 7.68 959 3
ضمحلا 7.68 2

 7.62 1277 4 نا

 میرت 7.59 1950 ةطوحلا 7.68 828 4 نوئیس
76 4 هاس 7.82 905 4

ضمحلا 7.69 7
 7.54 1214 5 نا

 حشوم 7.58 836 5 نوئیس
 میرت 7.82 1383 1

ضمحلا    7.74 895 5
 7.52 1250 6 نا

 حشوم 7.57 917 6 نوئیس
 میرت 7.63 1175 2

6 932 7.70       

 حشوم 7.58 847 7 نوئیس
 میرت 7.45 1210 3

7 945 7.55       

 حشوم 7.53 1167 8 نوئیس
 میرت 7.51 1262 4

8 934 7.66       

 حشوم 7.29 1034 9 نوئیس
 میرت 7.49 1210 5

9 934 7.59       

 نوئیس
10 946 7.58             

 نوئیس
11 817 7.69             

 نوئیس
13 753 7.57             

             7.58 2168 ةفرغلا

 هایم تانیعل ةیلكلا ةرسعلاو (TDS) ةبئاذلا حلاملاا عومجم -3-2
 :ةسوردملا برشلا
 )1444 – 489( نیب ام اھیلع لصحتملا ةیلكلا ةبئاذلا حلاملاا میق عقت

ppm. يھ ةمیق ىلعأو )13( مقر نوئیس رئبل يھ ةمیق ىندأ تناكو 
 ،1409ppm ةمیقب نوئیسب ةفرغلا رئب اھیلت ،ىطسولا ةجوج رئبل
 راطإ يف لازتلا اھنكل ،اًیملاع ھب حومسملا دحلا تزواجت ةمیق يھو
 تانیعلا هذھل ةیلكلا ةرسعلا امأ .ينمیلا رایعملا بسح ھب حومسملا دحلا
 مویسنغملاو مویسلاكلا ةرسع نع ةرابع يھ يتلاو ةسوردملا
 ثیح ppm )608 – 266( نیب اھمیق تحوارت دقف ،)2020،قئاف(
 ةجوج رئبل يھ ةمیق ىلعأو )13( مقر نوئیس رئبل تناك ةمیق ىندأ نإ
 دحلا تزواجت دق ةمیق ىلعأ نإف ظحلان امكو ،مابشب ىطسولا
 .ةیملاعلا ةحصلا ةمظنم رایعمو ينمیلا رایعملا بسح ھب حومسملا
 نم رابلآا لضفأ نم يھ )13( مقر نوئیس رئب ربتعن اننإف ھیلعو

 يھ حلاملأا ةبسنل اعًافترا رابلآا هذھ رثكأ امنیب ،حلاملأا ةبسن ةیحان
 .مابش ةیریدمب ىطسولا ةجوج رئبو نوئیس ةیریدمب ةفرغلا رئب
 طسوتم كلذكو رئب لكل جئاتنلا هذھ میق )7و 4( نلاودجلا حضویو
 هذھو )1( لكشلاب كلذك ھظحلان نأ نكمی يذلاو ةیریدم لكل میقلا
 لحاس ندمل ةھباشم ةقباس تاسارد عم كلذك تقفتا جئاتنلا

    .)2007 ،فریتماب ;2006 ،ءاجراب( تومرضح

 230 نیب ام طسوتملا يف اھمیق تحوارت دقف تانوبركلل ةبسنلاب امأ
– 320 ppm. ىلعأو .13 ,4 ,3 نوئیس رابآ اھیف كرتشت ةمیق ىندأف 
 يذلاو 4 لودجلاب حضاو وھ امك 9 مقر نوئیس رئب اھرھظت ةمیق
 رابلآا عیمجل مویسینغملاو مویسلاكلا ةرسع میق كلذك حضوی
  .ةسوردملا
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 .ةسوردملا برشلا هایم تانیعل ةیلكلا ةرسعلاو (TDS) ةبئاذلا حلاملاا عومجمل ةبسنلاب ةیریدم لك رابآ میق طسوتمل ططخم :)1( لكش
 

 
 

 
 

 :)4( لودج
 .ةسوردملا برشلا هایم تانیعل mg / L ةدحوب مویسینغملاو مویسلاكلا ةرسع و يلكلا ءاملا رسع 

 هاس ةیریدم نطقلا ةیریدم

 TDS رئبلا

 رسعلا
 يلكلا

 ـل
3CaCO 

 رسع
 مویسلاكلا

 رسع
 مویسینغملا

 رسع
نوبركلا

 تا
 TDS رئبلا

 رسعلا
 يلكلا

 ـل
3CaCO 

 رسع
يسلاكلا

 مو

 رسع
ينغملا

 مویس

 رسع
بركلا

 تانو

 ناضمحلا
 260 130 192 321 576 1 هاس 280 166 215 381 810 2

 ناضمحلا
 250 127 163 289 541 2 هاس 290 189 210 398 782 3

 ناضمحلا
 250 130 182 312 560 3 هاس 300 195 237 432 821 4

 ناضمحلا
 290 134 156 290 499 4 هاس 300 177 218 397 789 5

 ناضمحلا
 مابش ةیریدم 300 178 220 397 813 6

نوئیس ةیریدم  TDS رئبلا 
 رسعلا
 يلكلا

 رسع
يسلاكلا

 مو

 رسع
ينغملا

 مویس

 رسع
بركلا

 تانو
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 ـل
3CaCO 

 TDS رئبلا

 رسعلا
 يلكلا

 ـل
3CaCO 

 رسع
 مویسلاكلا

 رسع
 مویسینغملا

 رسع
نوبركلا

 تا

 ةجوج
 270 171 233 404 942 ةیقرشلا

 ةجوج 280 160 218 377 713 1 نوئیس
 260 260 264 523 987 ةیلبقلا

 ةجوج 250 128 204 309 599 2 نوئیس
 306 289 319 608 1444 ىطسولا

 290 257 303 560 1267 ةطوحلا 230 124 173 302 552 3 نوئیس
 310 158 261 419 899 1 حشوم 230 108 182 290 539 4 نوئیس
 260 148 236 384 764 2 حشوم 240 127 181 308 544 5 نوئیس
 270 160 246 401 787 3 حشوم 240 131 172 303 616 6 نوئیس
 270 163 253 416 820 4 حشوم 250 102 185 287 550 7 نوئیس
 270 158 230 391 787 5 حشوم 280 164 211 375 759 8 نوئیس
 میرت ةیریدم 320 174 204 378 672 9 نوئیس

 TDS رئبلا 240 124 212 336 615 10 نوئیس

 رسعلا
 يلكلا

 ـل
3CaCO 

 رسع
يسلاكلا

 مو

 رسع
ينغملا

 مویس

 رسع
بركلا

 تانو

 260 154 211 365 694 1 میرت 250 113 201 314 531 11 نوئیس
 280 152 200 351 665 2 میرت 230 76 190 266 489 13 نوئیس

 260 128 195 323 624 3 میرت 300 275 325 624 1409 ةفرغلا

 

 240 131 180 311 588 4 میرت
 250 143 175 318 582 5 میرت
 260 140 185 325 606 6 میرت
 270 135 182 317 615 7 میرت
 290 164 200 364 672 8 میرت
 270 154 206 360 608 9 میرت

 ،مویساتوبلا ،مویدوصلا( ةیسیئرلا تازلفلا زیكارت داجیإ -3-3
 :ةسوردملا برشلا هایم تانیعل )مویسلاكلاو مویسینغم
 )273 – 44( نیب ام مویدوصلا میق تحوارت دقف ،انیدل جئاتنلا نم

ppm رئبل يھ ةمیق ىلعأو )4( مقر هاس رئبل تناك ھل ةمیق ىندأف 
 اھنكل اًیملاع ھب حومسملا دحلا تزواجت يتلاو مابشب ىطسولا ةجوج
 كانھ نأ ظحلانو .ينمیلا رایعملا قفو ھب حومسملا دحلا راطإ يف
 ةیبرھكلا ةیلیصوتلاو ةحولملا نم لاًك نیب يدرط بسانتو طابترا
 اھیف ةعفترملا رابلآاف دیرولكلاو مویساتوبلاو مویدوصلا زیكرت نیبو
 میق نأ دجن ةبئاذلا حلاملأا عومجمو ةیبرھكلا ةیلیصوتلا میق
 للاخ نمو .ةعفترمً اضیا اھیف دیرولكلاو مویساتوبلاو مویدوصلا
 ةفرغلاو ةطوحلا رئبو ھجوج لقح رابآ هایم مظعم نأ انل حضتی جئاتنلا
 2000 اھل ةیبرھكلا ةیلیصوتلا زواجتل كلذو ةحولملا ةعفترم

 /مارجیلم 1000 زواجت اھل ةبئاذلا حلاملأا عومجمو مس /زوموركیم
 يحلملا ىوتحملاو ةیجولویجلا ةعیبطلا ىلإ كلذ يف ببسلا دوعیو رتل
 عافترا ىلإ ىدأ هرودب اذھو ،هایملا ردصم نضتحت يتلا يضارلأل
 ،ناولع( ھتسارد يف ناولع ھیلإ لصوت ام عم قفاوتی اذھو ،ةحولملا

 رفحلا وأ ءاشنلإا ةثیدح رئب يھو ةطوحلا رئبل ةبسنلاب امأ .)2017
 ةضفخنم تناك اھرفح ذنم رئبلا هذھ نأ ةقباسلا جئاتنلا ترھظأ دقف
 نأ يأ ،ةحولملا يفً اعافترا ةریخلأا رھشلأا يف تدھشو ةحولملا
 ىلإ ىدأ يذلا رمتسملاو رئاجلا خضلا وھ اھببسو ةتقؤم انھ ةحولملا
 عافترا ىلإ هرودب ىدأ اذھو ءاملل ةلماحلا تاقبطلا يف نزاوتلا نادقف
 ،ةقرزلا( ھتسارد يف ةقرزلا ھیلإ لصوت ام عم قفاوتی ام وھو ةحولملا

 راطملأا هایمب يفوجلا نازخلا ةیذغتو دیدجت مدع نإ امك  .)2010
  (Komex,1996) كلذ يف رود ھل تاونس ةدعل وأ ةنسلا رادم ىلع
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 )4( مقر هاس رئبل ppm 5 اھاندأ نیب ام تناكف مویساتوبلا میق امأ
 ،مایشب ىطسولا ةجوجو نوئیسب ةفرغلا يرئبل ppm 13 اھلاعأو
 يف ببسلا دوعیو ،اًینمی ھب حومسملا دحلا تزواجت ةعفترم ةمیق يھو
 ىلعأ امھل ةحولملا ةبسن تلجس ثیح امھیف ةحولملا ةبسن عافترلا كلذ
 .ماع لكشب رابلآل ةبسنلاب ةمیق
 ام ةساردلا هذھ رابآ عیمج يف تحوارت دقف مویسلاكلا میقل ةبسنلابو
 ىلعأو )4( مقر هاس رئبل اھل ةمیق ىندأف ،ppm )130 – 63( نیب
 دحلا راطإ يف لازتلا ةلجسملا میقلا عیمجو ،ةفرغلا رئبل يھ ةمیق
 عافترا نأ جئاتنلا نم ظحلانو .)5( لودج حضوی امك ھب حومسملا
 امم ةنیعلل ةیلكلا ةرسعلا ةمیق عافتراب اًبوحصم نوكی مویسلاكلا میق
 تلصوت ام عم قفاوتی اذھو ،امھنیب يدرط بسانتو طابترا ىلإ ریشی
 حوارتتو .)2010 ،يوارلاو يقوزر( نورخآو يقوزرلل ةسارد ھیلإ
 دقو ،ppm )70 – 19( نیب ام تانیعلا يف مویسنغملا زیكارت میق

 رئبل تناك ةمیق ىلعأو )13( مقر نوئیس رئبب ھل ةمیق ىندأ تلجس
 مویسنغملا زیكرت ناك ثیح ةفرغلا رئب اھیلت مابشب ىطسولا ةجوج
 ظحلان امك .ھب حومسملا دحلا راطإ يف نلاازی لا امھنكل ppm 66 اھب
 ىطسولا ةجوج رئبو ةفرغلا رئب نم لكل مویسنغملا میق عافترا نأ

 امم ،)5،4 نلاودجلا( امھنم لكل ةیلكلا ةرسعلا میقل عافترا ھبحاص
 ام عم اذھ قفاوتیو مویسنغملا زیكرتو ةرسعلا نیب طابترلاا ىلع لدی
  .)2005 دیبعو يرسأ و ھط( مھتسارد يف هءلامزو ھط ھیلإ لصوت

 ،صاصرلا ،زینجنملا ،دیدحلا( ةیلاقتنلاا رصانعلا زیكارت داجیإ -3-4
 :ةسوردملا برشلا هایم تانیعل )نیصراخلاو ساحنلا ،مویمداكلا

 تحوارت دیدحلا میق نأ )6،5( نیلودجلا يف ةحضوملا جئاتنلا تنیب
 و )3( هاس رابلآل يھ ةمیق ىندأف ،ppm )2.61 – 0.03( نیب ام
 تذخأ ثیح ،)2( مقر نوئیس رئب و )8( و )3(و )2( مقر میرت و )4(
 حشوم رئب اھیلت )4( مقر حشوم رئبل يھ ةمیق ىلعأو ،ةجیتنلا سفن
 ھب حومسملا دحلا نیرئبلا نیذھ میق تزواجت دقو ،مابشب )2( مقر
 ةءارقلا ذخأ دنع نكلو ىلولأا ةءارقلا ذخأ دنع طقف اًیلحمو اًیملاع
 عافترا يف ببسلا لعلو ةیعیبط تحبصأو دیدحلا میق تضفخنا ةیناثلا
 هذھ ضعب فقوت ببسب أدصلل دیدحلا بیبانأ ضرعت وھ دیدحلا میق

 ببس امأ ،ةنایصلا لامعأ ببسب نمزلا نم ةرتفل لمعلا نع رابلآا
 ةیلولأا ةجلاعملا ببسب وھ ةیناثلا ةءارقلا يف دیدحلا بسن ضافخنا
 نأ امك ،كلذب مھتدافإ بسح ةسسؤملا يف ةینعملا تاھجلا لبق نم
 قفاوتی اذھو .لزانملا ىلإ ھخض لبق نازخ ىلإً لاوأ ھخض متی ءاملا
 دبعو نیسح( نورخاو نیسح اھب ماق ةسارد ھیلإ تلصوت ام عم
  .)2010 ،مظاكو
 رصانعل زیكارت يأ (AAS) يرذلا صاصتملاا زاھج رھظی ملو
 ةعباتلا برشلا رابآ عیمج يف مویمداكلاو صاصرلاو ساحنلا
 امإ كلذ يف ببسلا دوعیو ،تومرضح ءارحصو يداوب ةسسؤملل
 برشلا رابآ مظعم نوكل برشلا ءام يف رصانعلا هذھ دوجو مدعل
 ةینكسلا قطانملا نع ةدیعب ةیلبج قطانم نم برقلابو قلاغلإا ةمكحم
 هذھب برشلا هایم ثولت داعبتسا يلاتلابو ىرخلأا ثولتلا رداصمو
 جراخ يف عقتو اًدج ةضفخنم رصانعلا هذھ زیكارت نأ وأ ،رصانعلا
 ماق امدنع دابع نب ھیلإ لصوت ام عم اذھ قفاوتیو .زاھجلا قاطن
 )2019 ،دابع نب( تومرضح لحاسب رصانعلا هذھ زیكرت ةساردب

 زاھج اھرھظی مل رصانعلا هذھ زیكرت مظعم نأ دجو ثیح
 هذھ يفو .كلذك ارًفص ةمیقلا ىطعأو )AAS( يرذلا صاصتملاا
 امك ةضفخنم ماع لكشب نیصراخلا زیكرت میق كلذك تناك ةساردلا
 ىندأف ppm )0.49 – 0.01( نیب ام تءاجو )5،6( نیلودجلا يف
 ناضمحلا رئبل يھ ةمیق ىلعأو مابشب ةیقرشلا ةجوج رئبل يھ ةمیق
 ملعلا عم .ھب حومسملا دحلا زواجتت مل میقلا عیمجو .نطقلاب )2( مقر
 ىطعأو برشلا رابآ ضعبل زاھجلا هرھظی مل نیصراخلا زیكرت نأ
 دوجو مدع وھو اًفنآ انركذ امك كلذ يف ببسلاو ،رفص ةءارقلا
 اھدعبلو قلاغلإا ةمكحم رابلآا هذھ نوكل برشلا ءام يف رصنعلا

 .زاھجلا ىدم نم لقأً ادج ضفخنم هزیكرت نأ وأ ثولتلا رداصم نع
 اھیف زواجتی مل ةساردلا دیق رابلآا مظعم نأ ،كلذك انھ دجنو         
 0.3( نیب ام ھمیق تحوارتو ،اًینمیو اًیملاع ھب حومسملا دحلا زینجنملا

– 0.7( ppm. مقر نوئیس رئبل يھ ةمیق ىندأف )6( میرتو )13(. 
 .)1( میرتو )4( هاسو )2( حشوم رئبل يھ ةمیق ىلعأو

 
 

 :)5( لودج
  .*میرتو مابش نوئیس رابآ هایم يف رصانعلاا میق 

ئیس
نو

 

ریبلا مقر  ةفرغلا 13 11 10 9 8 7 6 5 4 3 2 1 
مویدوصلا  108 77 67 74 64 75 104 114 110 79 67 76 223 
مویساتوبلا  9 8 7 7 6 7 8 9 8 8 8 8 13 

مویسینغم  39 31 30 26 31 28 33 38 42 29 28 19 66 
مویسلاك  87 82 69 73 66 69 77 83 82 85 81 76 130 
زینجنم  0.5 0.5 0.4 0.6 0.4 0.4 0.6 0.6 0.5 0.6 0.3 0.4 0.5 

دیدح  0.04 0.03 0.44 0.44 0.25 0.26 0.44 0.08 0.26 0.39 0.35 0.31 0.04 
نیصراخ       0.28 0.40 0.03     0.03 

ابش
ریبلا مقر م  

 ةحوج
 ةیقرشلا

 ةجوج
 ةیلبقلا

 ةجوج
 ةطسولا

 ةطوحلا
 حشوم

1 
 حشوم

2 
 حشوم

3 
 حشوم

4 
 حشوم

5 
    

مویدوصلا  160 136 273 191 149 109 112 111 104     
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مویساتوبلا  9 10 13 12 11 10 10 10 9     
مویسینغم  41 63 70 62 38 36 39 39 38     
مویسلاك  93 106 127 122 105 94 99 102 68     
زینجنم  5 .0 6 .0 4 .0 5 .0 5 .0 7 .0 5 .0 5 .0 4 .0     

دیدح  24 .0 08 .0 15 .0 04 .0 20 .0 43 .1 16 .0 61 .2 31 .0     
نیصراخ  01 .0   02 .0 04 .0 12 .0 01 .0       

رت
می  

ریبلا مقر  1 2 3 4 5 6 7 8 9     

مویدوصلا  110 92 91 82 80 90 104 104 104     
مویساتوبلا  8 8 8 7 7 8 7 8 9     

مویسینغم  37 36 32 32 35 34 32 40 37     
مویسلاك  84 80 78 72 70 74 73 80 83     
زینجنم  0.7 0.6 0.4 0.5 0.5 0.3 0.6 0.4 0.5     

دیدح  0.04 0.03 0.03 0.08 0.06 0.11 0.04 0.03 0.05     
نیصراخ   0.03 0.05 0.03 0.04 0.07 0.04       

 ارًفص اھمیق تناك مویمداكلاو صاصرلاو ساحنلا رصانع*
 
 

 :)6( لودج
  *.نطقلاو هاس رابآ هایم يف رصانعلاا میق 

 
ریبلا مقر   نیصراخ دیدح زینجنم مویسلاك مویسینغم مویساتوبلا مویدوصلا 

 هاس

1 54 10 31 77 6 .0 04 .0  
2 48 9 30 65 6 .0 38 .0  
3 46 6 31 73 6 .0 03 .0 03 .0 
4 44 5 32 63 7 .0 03 .0 05 .0 

قلا
نط

 

2 ناضمحلا  112 9 40 86 4 .0 16 .0 49 .0 
3 ناضمحلا  116 8 45 84 4 .0 04 .0 11 .0 
4 ناضمحلا  121 10 47 95 4 .0 17 .0 04 .0 
5 ناضمحلا  109 9 43 88 0.5 20 .0 02 .0 
6 ناضمحلا  118 9 43 88 4 .0 04 .0 03 .0 

 ارًفص اھمیق تناك مویمداكلاو صاصرلاو ساحنلا رصانع*
 
  
 
 
 
 :ةمتاخلا -4
 لقح يف ةفرغلا رئب نأ ،لوقلا نكمی اھیلع لصحتملا جئاتنلا نم
 ةیلیصوتلا میق يف اعًافترا رھظت نوئیس ةیریدمل عباتلا ةفرغلا
 فنصت كلذل ،طسوتم دحك سنمیس /وركیم 2168 ىلإ لصت ةیبرھكلا

 ریغ ةحولملا دیدش اھءام نأب ةیملاعلا ةحصلا ةمظنم فینصت بسح
 يف حضوم وھ ام بسح ةبذعلا هایملا دودح راطإ يف لازتلا اھنأ
 حلاملأا عومجم میق ىلع انلصح اننأ ىسنن لا نكلو ،هلاعأ لوادجلا

 وھو )ةساردلا ةقطنم( نمیلاب صاخلا لماعملا يف اھبرضب ةبئاذلا
 لودلاب ةصاخلا تلاماعملاب ةنراقم ةمیقلا ضفخنم لماعم وھو 0.65

 مویدوصلاو ةرسعلا میقل عافترا اضًیأ ظحلان امك .ىرخلأا
 ةرسعلا ةدیدش اھنأب اھایم فصو نكمی يتلا ةفرغلا رئبل مویساتوبلاو
 ةریبك تایمكل ةیواح رئبلا هذھ اھیف ترفح يتلا روخصلا نأ ببسب
 ثولت يأ ظحلای مل ھنأ ریغ ،مویساتوبلاو مویدوصلا دیرولك حلم نم
 ربتعتو .ةینكس ةقطنم نم ةبیرق رئبلا هذھ نأ مغر تارتینلاب يوضع
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 رابلآا هایم بذعأو لضفأ نم ةمثج لقح يف )13( مقر نوئیس رئب
 میق لوصول كلذو تومرضح يداوو ءارحص يف ةسسؤملل ةعباتلا
 مابش ةیریدم يفو .ةمیق يندأ ىلإ ةبئاذلا حلاملأاو ةیبرھكلا ةیلیصوتلا
 يلع نب يداوب حشوم لقح يف ءاوس ةیبرھكلا ةیلیصوتلا میق ترھظأ
 فینصت بسح فنصت رابلآا مظعم نأ ةطوحلا لقح وأ ةجوج لقح وأ
 هذھ نأ لاإ .ةحولملا ةطسوتم هایم اھنأب ةیملاعلا ةحصلا ةمظنم
 رئاجلا خضلا نع ةجتانو ةطوحلا لقح يف امك ةتقوم نوكت دق ةحولملا
 امم ءاملل ةلماحلا تاقبطلا يف نزاوتلا نادقف ىلإ ىدأ يذلا هایملل
 ةرمتسمو ةمئاد نوكت وأ ،ىلعأ ىلإ ةحولملا عافدنلا ةصرف ىطعأ
 ترفح يتلا روخصلا وأ ةبرتلا نیوكتل ةجیتن ةجوج لقح رابآ يف امك
 حلامأ میق يف عافترا ةرسعلا عافترا بحاصیو .رابلآا هذھ اھیف
 اھنوكلو حلاملأا هذھ ىلع عزوتت ةرسعلا نوكل مویسنغملاو مویسلاكلا
 میق يف اظًوحلم اعًافترا جئاتنلا ترھظأ امك ،ةرسعلا نوكت يف ببسلا

 يف ىلولأا ةنیعلا ذخأ دنع )2( و )1( مقر حشوم رئب نم لكل دیدحلا
 ءارجلإ كلذ لبق نیتقلغم اتناك نیرئبلا نیتاھ نأ ملعلا عم ریانی رھش

 اھیف دیدحلا میق تناك ىلولأا ةنیعلا ذخأو امھلیغشت دنعو اھب ةنایص
 كانھ ناك ریاربف رھش يف ةیناثلا ةنیعلا ذخأ دنع نكلو ةعفترم
 ةیریدملاب هایملا ةسسؤم نأ ملعلا عم دیدحلا میق يف اظًوحلم اضًافخنا
 حومسملا دحلا نع دیدحلا میق عافترا ةلاح يف ةیلوأ ةجلاعم يرجت
 عقت اھرابآ هایم تناك ،هلاعأ لوادجلا بسحو میرت ةیریدم يفو .ھب

 يف يأ ،ةحولملا ةطسوتملاو ةدیجلا هایملا نمض فینصتلا بسح
 يأ ةیریدملا هذھ هایم رابآ دھشت مل امنیب .ةبذعلا هایملا دودح راطإ
 .ةساردلا دیق تازلفلا وأ صاوخلا ةیقب میق يف عافترا وأ يوضع ثولت
 دودح نمض عقت امھف هاسو نطقلا يتیریدم رابلآ تناك جئاتنلا سفنو
  .ةحولملا ةطسوتملا ةبذعلا هایملا

 
 :)7( لودج

 ةیریدم لك رابآ طسوتم 
میرت مابش نوئیس   *ةیلودلا رییاعملا *ةینمیلا رییاعملا نطقلا هاس 

EC 1014 1486.3 954.9 836.75 1238 450 – 2500 1500 
pH 7.6 7.68 7.7 7.77 7.63 6.5 – 9 6.5 – 8.5 

TDS 660.6 966.3 628.2 544 803 650 – 1500 1000 

 3CaCO 341.9 456.2 337.1 303 401 100 – 500 500 ـل يلكلا رسعلا

   220 173.25 192.67 260.56 204.46 مویسلاكلا رسع
   181 130.25 144.56 196 138.9 مویسینغملا رسع
   294 262.5 264.4 278.4 256.9 تانوبركلا رسع

 200 400 – 200 116 48 95.22 155.12 95.23 مویدوصلا
  12 – 8 9 7.5 7.78 10.62 8.15 مویساتوبلا

  150 – 30 44.5 31 35 48.5 33.85 مویسینغم
 200 200 – 75 88.75 69.5 77.11 106 81.54 مویسلاك
 0.1 0.1 – 0.2 0.42 0.625 0.5 0.51 0.48 زینجنم

 0.3 1 – 0.3 0.122 0.12 0.052 0.58 0.26 دیدح
5 – 1.5 0.138 0.04 0.043 0.04 0.185 نیصراخ  1.5 
 1 1 – 0.5 0 0 0 0 0 ساحنلا
 0.05 0.05 0 0 0 0 0 صاصرلا
 0.005 0.005 0 0 0 0 0 مویمداكلا

 )ةماعلا برشلا هایمل ةینمیلا ةیسایقلا تافصاوملاو )WHO( ةیملاعلا ةحصلا ةمظنم :ردصملا(*
 
 
 :تایصوتلا
 رابآ عیمجل يجولویبوركیملا صحفلاب متھت تاسارد ءارجإ -

 .تومرضح يداوب برشلا
 ةضفخنم رابلآا هایم عم ةحولملا ةعفترم رابلآا هایم طلخ مدع -

 كلذو اھل ةیلولأا ةجلاعملا ءارجإ لبق دحاو نازخ يف ةحولملا
  .لزانملا ىلإ اھلوصو لبق اھیف ةدئازلا حلاملأا ةیمك نم لیلقتلل

 رابآب تایناكملإا رفوت ةلاح يف حلاملأا ةعفترم رابلآا لادبتسا -
 لكشب هایملل ةیجاتنلإا عفرلو هایملا ةدوج نیسحتل ةیقن ىرخأ

 .ةظفاحملا نم ربكأ تاحاسم يطغت ثیحب ماع
 نأ بجی ةلت وأ عفترم ىلع رابلآا هذھ نوكتو رابلآا رفح دنع -

 نع لبجلا وأ عفترملا وأ لتلا اذھ عافترا رابتعلاا نیعب ذخؤی
 نم دیزی يلاتلابو رئبلا قمع نم للقی لا ثیحب ضرلأا حطس
 .ةینكسلا قطانملا يف اصًوصخ اھیلإ تاثولملا لوصو ةیلامتحا
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 رفحلا( يحصلا فرصلا هایم رابآ رفح ىلع ةمراص ةباقر ضرف -
 ىتح ةیفوجلا هایملا عبانم ىلإ رفحلا هذھ لاصیإ مدعو )ةیصاصتملاا

  .يحصلا فرصلا هایم اھثولت لا
 تافصاوملا وأ رییاعملا يف ةصتخملا تاھجلا لبق نم رظنلا ةداعإ -

 ربتعت اھنإ ثیح ةماعلا برشلا هایمل تعضو يتلا ةینمیلا ةیسایقلا
  .ىرخلأا لودلا يف رییاعملا ىلعأ
 

 :نافرعو ركش
 ةسسؤملا نم لكل مھریدقتو مھركش لیزج نع نوثحابلا برعی
 ءارحصو يداو قطانمل يحصلا فرصلاو هایملل ةیلحملا

 ىلع نوئیسـب ةیعارزلا ثوـحبلا ةطحم ربتخمو نمیلا -تومرضح
 مادختساب حامسلا وأ تانایبلا ریفوتب ءاوس نواعت نم هومدقام
 .ثحبلا اذھ براجت نم ریثكلا ءارجلأ مھتاربتخم
 
 
 
 
 
 

 :عجارملا
 يف ةیساسلأا میھافملا ةیلیلحتلا ءایمیكلا .)2012( .دمحم الله دبع ،شابكلا وبأ

 .رشنلل ناكیبعلا ،ىلولأا ةعبطلا .يدیلقتلا لیلحتلا

 ،لصوملا ةعماج ةلجم .ةیئاملا ةیرھجملا ءایحلأا .)1986( قیفوت لیدھ ،يثیدحلا
  .)1ط( ،ةعابطلل بتكلا راد ةیریدم

 .تومرضح يداو نع ةیخیرات تافیرعت .)2000( دمحم رداقلا دبع ،نابصلا
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 .ایفارغجلا مسق-بادلآا ةیلك-ةزغ
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  .)2( 9 ،ةیملعلا ءلابرك ةعماج ةلجم .ةدروتسملاو

 ضعب ةسارد .)2010( رامع دمحم يوارلا ؛دومحم دمحم بارس ،يقوزر
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 ةنیدم يف ةلیقثلا رصانعلاب برشلا هایم ثولت .)2009( دومحم ركاش يماس ،رابز
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  .ىلولأا ةعبطلا ،ةرھاقلا – ةیمیداكلأا ةبتكملا .ةیقیبطتلا ایجولویبوركیملا
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 زاھجلا 2015 ماعل ةیئاصحلإا ةرشنلا .)2015( يلودلا نواعتلاو طیطختلا ةرازو
 .نمیلا ،تومرضح ةظفاحم ،نوئیس بتكم ،ءاصحلإل يزكرملا
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TaibUVID inhalation therapies were quite 
effective in the management of the COVID-19 
pandemic in addition to minimizing the morbidity 
period without causing any side effects (El Sayed 
et al. 2020d, El Sayed et al. 2020c, El Sayed et al. 
2020b, El Sayed et al. 2020a). 
Interestingly, all components of TaibUVID 
nutritional supplements cause increased 
glutathione. Nigella sativa fixed seeds and 
essential oil increase levels of reduced glutathione 
and related antioxidant enzymes (Abd-Elkareem, 
El-Rahman, Mokhless, Khalil & Amer 2021). 
Natural honey also increases reduced glutathione, 
antioxidant power, anti-inflammatory effects, and 
antiulcer potential against gastric ulcers in rats 
(Almasaudi, El-Shitany, Abbas, Abdel-Dayem, 
Ali, Al Jaouni et al., 2016). Senna results in 
increased activity of the antioxidant defense 
systems, including reduced glutathione (Coelho, 
Barbosa, Mito,  Mantovanelli, Oliveira & Ishii-
Iwamoto 2017). Fennel also increases the 
antioxidant power, the whole content of reduced 
glutathione and anticarcinogenic effects (Wang, 
Wang, Pan, Huang, Ren, Xu, et al., 2020d). 
Likewise, clove also increases the antioxidant 
power and reduces glutathione (Shekhar, Yadav, 
Singh, Pradhan, Desai, Dey et al., 2018). 
Moreover, chamomile (Anthemis hyaline) oil 
moderately ameliorated glutathione depletion (via 
increasing the reduced glutathione content) and the 
decrease in superoxide dismutase activity in the 
liver of acetaminophen-administered rats (Ebada 
2018). Current therapeutics for COVID-19 may 
carry a lot of side effects due to free radicals 
generation that may deteriorate patients' condition 
and hence the bad need for adjuvant antioxidant 
therapies. Unfortunately, corticosteroids given to 
COVID-19 patients are known to decrease 
lymphocyte count which may aggravate the health 
status of the patients. Fortunately, this can be 
corrected by giving nigella sativa and natural 
honey that is contained in TaibUVID nutritional 
supplements. Natural antioxidants such as nigella 
sativa, honey, senna, fennel, and costus are 
recommended prophetic medicine remedies. 
Prophetic medicine is the medical knowledge 
gained from the sayings, deeds, and teachings of 
Prophet Muhammad peace be upon him. 
 

Conclusion 
 
COVID-19 is a devastating pandemic. 
Oxidant/antioxidant status is impaired in COVID-
19 patients prone to depleted total antioxidant 
capacity. Decreased serum antioxidants can be 
regarded as a predictive marker of COVID-19 
severity. COVID-19 patients had elevated levels of 
oxidative stress and reduction of antioxidant 
indices that aggravated the severity of COVID-19 
in hospitalized patients. Gastrointestinal symptoms 
usually worsen with disease progression and 
include anorexia, diarrhea, liver injury, nausea, and 
abdominal pain. Cytokine storm-induced acute 
respiratory distress syndrome occurs in severe 
COVID-19 cases due to overwhelming 
proinflammatory hypercytokinemia and 
multisystem tissue damage. Antioxidant (e.g. 
glutathione) deficiency exaggerates SARS-CoV-2 
infection. High serum-reduced glutathione causes 
decreased ROS and a shorter course of illness. 
Antioxidants are strongly suggested as adjuvant 
therapeutics to combat the pandemic. COVID-19 
patients presenting with pneumonia, dysgeusia, 
and hyposmia scored immediate improvements 
upon treatment with the reduced glutathione 
precursor N-acetyl cysteine. In previous 
publications, we introduced TaibUVID antioxidant 
nutritional supplements that were found to be 
effective in helping COVID-19 patients recover.  
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manifestation of the COVID-19 pandemic. 
Likewise, high serum reduced glutathione caused 
decreased ROS and a shorter course of COVID-19 
infection (Polonikov 2020). 
Moreover, SARS-CoV-2 significantly suppresses 
the content of intracellular reduced glutathione 
levels by decreasing the activity of intracellular 
erythroid 2-related factor that stimulates reduced 
glutathione production. Interestingly, exogenous 
supplementation of reduced glutathione enhances 
immunity against different bacterial and viral 
infections. Liposomes containing reduced 
glutathione caused an improvement in cytokine 
response of Th1 lymphocytes in patients having 
human immunodeficiency virus and 
Mycobacterium tuberculosis infections (Guloyan, 
Oganesian, Baghdasaryan, Yeh, Singh, Guilford, 
et al., 2020). Interestingly, the intracellular reduced 
glutathione concentration in erythrocytes is 
suppressed in type II diabetic patients 
(Lutchmansingh, Hsu, Bennett, Badaloo, 
McFarlane-Anderson, Gordon-Strachan, et al., 
2018). Thus, these high-risk or 
immunocompromised populations may strongly 
benefit from receiving liposomal reduced 
glutathione supplementation. 
In addition, common COVID-19 presentations 
such as pneumonia, dysgeusia, and hyposmia 
scored immediate improvements upon treatment 
with N-acetyl cysteine (a precursor of reduced 
glutathione), oral or intravenous reduced 
glutathione intake, and α-lipoic acid (Pan, Ye, Sun,  
Gui, Liang, Li,  et al., 2020). Dyspnea in some 
COVID-19 patients improved one hour after intake 
of reduced glutathione and continued to improve 
with subsequent doses. Patients’ sense of well-
being and improvements started to increase rapidly 
(Horowitz, Freeman & Bruzzese 2020). Liposomal 
drug formulations improve the delivery of 
hydrophilic and lipophilic substances to prevent 
drug load degradation (in acidic environments such 
as gastric luminal pH), drug inactivation, and drug 
dilution in the circulation  (Mehta, Kulkarni, 
Nikam, Padya,  Pandey & Mutalik 2021). 
Interestingly, supplementation of oral liposomal 
reduced glutathione to healthy adults caused 
increased levels of reduced glutathione (by 100%) 
in peripheral blood mononuclear cells with a 
concomitant decrease in the biomarkers used to 

track oxidative stress, e.g. 8-isoprostane and the 
oxidized glutathione/reduced glutathione ratio. 
Likewise, liposomes containing reduced 
glutathione and given orally caused increased 
cytotoxicity in natural killer cells (by 400%) within 
a relatively short period (2 weeks). This confirms 
that increasing the antioxidant power conferred 
decreased oxidative stress and increased immunity 
(Sinha, Sinha, Calcagnotto, Trushin, Haley, Schell, 
et al., 2018). Liposomes containing reduced 
glutathione supplementation is a highly advisable 
supplement for treating COVID-19 patients. 
In COVID-19 patients, oxidative stress increases in 
the presence of associated comorbidities such as 
diabetes mellitus and rheumatoid arthritis. 
Liposomal glutathione intake may be more 
beneficial than N-acetyl L-cysteine 
supplementation, as the enzymes essential for the 
synthesis of glutathione from L-cysteine may be 
deficient in such comorbidities. 

 
 
TaibUVID nutritional supplements enhance 
antioxidants and combat COVID-19 
 
Adjuvant nutritional treatment is a commonly 
missed health factor when treating fatal viral 
diseases such as COVID-19. We recently 
introduced TaibUVID nutritional supplements, 
composed of six medicinal plants and natural 
products. TaibUVID components include Nigella 
sativa, chamomile, and natural honey. Adding 
clove was optional (El Sayed, Almaramhy, 
Aljehani, Okashah, El-Anzi, AlHarbi, et al., 2020c; 
El Sayed, Bahashwan, Aboonq, Baghdadi, 
Elshazley, Okashah, et al., 2020d; El Sayed, 
Aboonq, El Rashedy, Aljehani, Abou El-Magd, 
Okashah, El-Anzi, Alharbi, El-Tahlawi & Nabo 
2020b &El Sayed, Aboonq, Aljehani, Hassan, 
Abou El-Magd, Abdelrahman, et al., 2020a). This 
is suggested for both treatment and prophylaxis of 
COVID-19. TaibUVID Forte adds Costus, senna, 
and fennel to TaibUVID. Many meta-analyses and 
systematic reviews have confirmed the therapeutic 
benefits of TaibUVID components in the 
management of many co-morbidities and human 
diseases, e.g. diabetes mellitus and hypertension 
that are commonly encountered in COVID-19 
patients. TaibUVID, TaibUVID Forte and 
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fecal-oral transmission. More attention should be 
given to monitoring liver function tests during 
COVID-19, particularly in patients with more 
disease severity (Gu et al. 2020, Lee, Huo and 
Huang 2020). Liver biopsies confirm the presence 
of RNA of SARS-COV-2 in hepatic cells. In 
addition, evidence of liver damage may take place 
e.g. apoptosis, lobular inflammation, acidophilic 
bodies, and cellular ballooning (Gu et al. 2020). 
Unfortunately, liver injury may be due to drugs 
given to COVID-19 patients such as NSAIDs, 
antibiotics, and antiretroviral medications. 
Moreover, the cytokine storm aggravates the 
production of pro-inflammatory cytokines, causing 
extensive cardio-pulmonary tissue damage, 
hypoxemia, hypoxia, and vascular thrombosis. All 
these complications may aggravate any underlying 
liver injury (Zhang et al. 2020). 

ACE2 has a renin-angiotensin system-
independent function that regulates intestinal 
neutral amino acid transporters facilitating 
decreased expression of antimicrobial peptides and 
gut microbiota. That facilitates intestinal 
inflammation and diarrhea (Syed, Khan, Gosai, 
Asif & Dhillon (2020). 

 
 
COVID-19 and its impact on chronic liver 
diseases 
 
Hepatitis B infection aggravates clinical outcomes 
in SARS-CoV-2 patients, causing extensive 
hepatic damage. Likewise, immunosuppressive 
medications given to cancer patients and people 
with autoimmune conditions may enhance 
COVID-19 infection, related tissue damage, and 
mortality. In the same context, it is quite advisable 
to screen liver donors and recipients for SARS-
CoV-2 before a liver transplant to avoid 
transmitting the virus in the graft. Cancer patients 
and those with liver cirrhosis are more vulnerable 
to SARS-CoV-2 infection owing to their 
suppressed immunity (Zhang et al. 2020; Mao, 
Liang, Shen, Ghosh, Zhu, Yang, et al., 2020). 
 
Pancreatic injury in COVID-19 infection 

 
ACE2 receptors are highly expressed in pancreatic 
islet cells. SARS-CoV-2 may cause direct 

cytopathic effects, indirect systemic inflammation, 
or immune-mediated cellular effects. These 
collectively cause pancreatic damage and related 
enzyme abnormalities. NSAIDs and antipyretics 
may aggravate such tissue damage. 17% of 
COVID-19 patients got pancreatic injury 
(evidenced by increased serum amylase or lipase) 
that might result in the occurrence of acute diabetes 
(or abnormal blood glucose levels), but not 
reaching severe pancreatitis (Patel et al. 2020). 
Antioxidant (e.g. glutathione) deficiency 
exaggerates SARS-CoV-2 infection (Figure 2) 
The pathogenesis of COVID-19 and previous 
coronavirus infections (SARS-CoV-1 and MERS-
CoV) involves the production of many 
proinflammatory cytokines, e.g. TNF-α, IL-8, IL-
6, IL-7, IL-10, and others (Goyal, Choi, Pinheiro, 
Schenck, Chen, Jabri, et al., 2020). Angiotensin II 
is a potent activator of nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase and 
hence an inducer of reactive oxygen species (ROS) 
production. ACE2 receptors are common receptors 
for NADPH oxidase-4 (causing the generation of 
reactive oxygen species) (Samavati and Uhal 2020) 

and both SARS-CoV-1 and the novel SARS-CoV-
2. Glycosylation of serum and tissue proteins 
occurs via a non-enzymatic reaction that 
commonly happens in diabetic subjects. ACE2 
glycosylation is accelerated under hyperglycemic 
conditions and facilitates the attachment of the 
SARS-CoV-2 virus to target cells (Ceriello 2020). 
The cytokine storm during SARS-CoV-2 infection 
includes increased formation of proinflammatory 
cytokines such as IL-6, IL-2, IL-7, IL-10, and 
TNF-α levels, which are all associated with severe 
respiratory failure. This picture carries significant 
similarity to SARS-CoV-1 and MERS-CoV 
(Goyal et al. 2020). 
The clinical deterioration of COVID-19 to acute 
respiratory distress syndrome is a product of 
cytokine storm. This is closely associated with 
increased serum IL-6 levels, extensive 
inflammatory reaction (increased pro-
inflammatory vs. decreased anti-inflammatory 
cytokines), prolonged admission to the intensive 
care unit, progression to acute respiratory distress, 
and subsequent mortality. Reduced glutathione 
deficiency caused increased ROS levels and 
aggravated the severity of the clinical 
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increased viral transmission (Galanopoulos, 
Gkeros, Doukatas, Karianakis, Pontas, Tsoukalas, 
et al., 2020). 
Digestive symptoms e.g. diarrhea, are strongly 
related to a higher incidence of positive stool PCR 
swabs (about 48.1% of patients) for viral RNA. 
Affected patients may have a high viral load for 

SARS-CoV-2 RNA. The presence of viral RNA in 
stool was confirmed with a relatively long duration 
(33-47 days after the first onset of the disease). 
Unfortunately, stool samples remained positive 
even after viral clearance of nasal RT-PCR swabs 
(Galanopoulos et al. 2020; Cheung, Hung, Chan, 
Lung, Tso, Liu, et al., 2020). 

 
       Table 2. : Symptomatology of COVID-19 

 
*Mild COVID-19 presentation: 
• Fever, cough, somnolence; drowsiness, diarrhea, nausea, vomiting, and abdominal pain. 
• Anorexia, malaise, muscle pain, sore throat, dyspnea, nasal congestion, and headache. 
• Upper respiratory symptoms (loss of taste, loss of smell, dry cough, nasal congestion and 

pharyngitis) 
* Moderate COVID-19 presentation: high fever, lymphopenia, (leukopenia or leukocytosis), and 
high serum transaminases, pneumonia, and bronchopneumonia (requiring oxygen support). 
*Severe COVID-19 presentation: Acute respiratory distress syndrome (ARDS): 

• Bilateral lung opacities, lobar congestion, consolidation, collapse with massive lung collapse, or 
nodular lesions in chest radiographs or CT scans. 
* Gastrointestinal symptoms (17.6%): usually deteriorate upon COVID-19 progression, indicating 
disease severity. 
• Anorexia 
• Diarrhea 
• Liver impairment causing acute hepatitis or mild to moderate elevation of serum transaminases 

(ALT and AST). 
• Nausea 
• Abdominal pain 

 
 
Pathophysiology of gastrointestinal and hepatic 
COVID-19 
 
The mucus membranes and adjacent tissues in the 
esophagus, stomach, duodenum, and rectum 
exhibit edema with patchy infiltrations. Such 
infiltrations may be plasmacytic and lymphocytic. 
SARS-CoV-2-induced gastrointestinal symptoms 
may take place via direct virus invasion of 
digestive cells, immunological-mediated tissue 
damage, or end-organ tissue injury (Tian, Rong, 
Nian &  He 2020). Attachment of SARS-CoV-2 to 
ACE2 receptors takes place using the viral spike 
proteins (Luan, Lu, Jin & Zhang 2020). This occurs 
10-20-fold more than with the virus SARS-CoV-1. 
Such high infectivity may denote massive human-
to-human transmission of SARS-CoV-2 (Gordon, 
Jang, Bouhaddou, Xu, Obernier, White, et al., 
2020). The viral spike protein mediates SARS-

CoV-2 attachment to the ACE2 receptor with 
secondary entry into the target digestive and 
hepatic cells. Such entry is facilitated by the 
patient’s transmembrane serine protease 2. Serine 
protease 2 causes the viral spike protein to divide 
into two functional monomers: S1 and S2. The S1 
monomer attaches the virus to the ACE2 receptor, 
while the S2 monomer mediates viral fusion with 
the target cell membrane with subsequent viral 
entry into the target cells (Hoffmann et al. 2020). 
This may support the use of protease inhibitors for 
future COVID-19 treatment. 
ACE2 receptors are also present in gall bladder 
cells (cholangiocytes). This may lead to 
hepatobiliary infection and damage that may occur 
in an opposite direction to bile flow upon viral 
entry into the biliary tree (Zhang, Shi &Wang 
2020). SARS-CoV-2 is still present in the stools of 
infected patients, implicating the possibility of 
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use of drugs (Wang, Li, Lu & Huang 2020a). 
Immunological barriers preventing SARS-COV-2 
infection and related damage include antiviral 
immune barriers such as antibody production by 
activated B cells (plasma cells), regulatory T cells, 
and the immunological effects conferred by IFN-α 
and IFN-β. In addition to the cell-mediated 
immunity conferred by NK cells and T cytotoxic 
cells, this response may eradicate SARS-CoV-2 
virus infection (Bray, Sartain, Gollamudi & 
Rumbaut 2020). 
 
Step 4. Cytokine storm-induced acute 
respiratory distress syndrome in COVID-19 
 
Progression to acute respiratory distress syndrome 
then respiratory failure in COVID-19 patients may 
be due to massive host cytokine production 
(cytokines storm). This causes inflammation-
induced tissue damage, increased capillary 
membrane permeability, pulmonary edema, and 
acute respiratory distress syndrome. Ultimately, 
the patients necessitate mechanical ventilation. 
Increased serum IL-6 (with an optimal predictive 
threshold at 80 pg/ml) is correlated with respiratory 
failure and the need for mechanical ventilation. 
Presence of associated comorbidities (diabetes 
mellitus, cancer, immunosuppressive therapy, and 
others), radiological findings, and rapid subsequent 
organ failure (Jiang, Yang, Sun, Chen, Ma, Yin, et 
al., 2018).  
 
 
Step 5. Severe progression with shock 
 
COVID-19 may present a variable clinical course. 
Respiratory impairment may be sudden due to 
overwhelming proinflammatory 
hypercytokinemia, multisystem tissue failure, 
respiratory failure (necessitating mechanical 
ventilation), and shock (Ragab, Salah Eldin, 
Taeimah, Khattab & Salem 2020). 
 
 
 
Step 6. Septicemia and hypercoagulability  
 
Severe cases of SARS-CoV-2 may involve 
hypercoagulable complications e.g. venous 

thromboembolism (e.g. cavernous sinus 
thrombosis) and pulmonary embolism. In addition, 
associated coagulation abnormalities may occur 
(Ragab et al., 2020). Thrombotic complications 
including increased D-dimer, manifest pulmonary 
embolism and venous thromboembolism may 
increase patient mortality in intensive care units 
(Middeldorp, Coppens, van Haaps, Foppen, Vlaar, 
Müller, et al., 2020). Hypercoagulability is a 
prothrombotic state exaggerated by tissue damage 
underlying vascular endothelial cells. The fibrin 
degradation product, D-dimer, correlates with 
SARS-CoV-2 severity. Serum D-dimer 
concentrations increased massively in patients with 
severe COVID-19 infection compared to those 
with mild or improved symptoms (Griffin, Jensen, 
Khan, Chin, Chin, Saad, et al., 2020). Macrophages 
produce the proinflammatory cytokine TNF-α 
during the inflammatory processes induced by 
SARS-CoV-2. This causes cell death through both 
necrotic and apoptotic pathways. TNF-α stimulates 
the activation of tissue factors and activation of the 
extrinsic pathway of coagulation, causing the 
production of cross-linked fibrin clots. This is 
followed by fibrinolysis mediated by tissue 
plasminogen activator. During acute inflammation 
caused by COVID-19, TNF-α increases while 
protein C level decreases, and this enhances the 
persistence of venous thromboembolism (Li,  
Zhao, Wei, Chen, Wang, Jia, et al., 2020b). 
 
Step 7. COVID-19 mortality 
Reported COVID-19 mortality rates are quite 
variable among countries and nations (ranging 
from 0.3 to 10%). The lowest rates of 2.5% and 
4.0% in China and neighboring countries and 
increased to about 10% in Italy (which has the 
highest fatality rate) (Yuan, Li, Lv & Lu 2020), 
where the elderly (above 75 years) constituted a 
significant proportion of fatalities (about 85% of 
deaths due to the COVID-19 pandemic).  
 
Gastrointestinal manifestations in the adult and 
pediatric population 
Variable clinical presentations may be encountered 
in the course of SARS-CoV-2 infection. 
Gastrointestinal symptoms as nausea, abdominal 
pain, and diarrhea, are usually seen during 
COVID-19 pathogenesis and may contribute to 
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Figures legends 
 
Figure 1. Pathophysiology of cytokine storm-
induced death in COVID-19 patients: SARS-
CoV-2 virus infects respiratory as gastrointestinal 
cells e.g. enterocytes and hepatocytes. SARS-
CoV-2 also afflicts vascular endothelial cells. 
Routes of entry in all are ACE-2 receptors. 
Immunological responses include the activation of 
T helper lymphocytes (immunological 
orchestrator) that activate T cytotoxic, 
macrophages, neutrophils, and NK cells. 
Subsequent cytokines production participates in 
cell damage and hypercytokinemic-induced death. 
T cytotoxic cells produce perforins and granzymes 

that cause damage to virus-infected cells. NK cells 
cause lysis of virus-infected cells. Neutrophils 
degranulate causing the release of interleukin-6 
causing fever and increased acute phase proteins. 
Both neutrophils and macrophages produce tumor 
necrosis factor-α that enhances vascular 
permeability, vascular thrombosis, edema, DIC, 
and septic shock. That collectively causes cellular 
damage to enterocytes (diarrhea and shock) and 
hepatocytes (raised serum liver enzymes, ALT, and 
AST). TaibUVID nutritional components (nigella 
sativa, natural honey, costus, senna, fennel, and 
chamomile) suppress inflammatory cytokines 
production and effects and were reported to 
effectively help cure COVID-19 patients. 

 

 
Figure 2. Pathophysiology of oxidative stress-induced death in COVID-19 patients: 

 

Figure 2. Pathophysiology of oxidative stress-
induced death in COVID-19 patients: Oxidative 
stress is a key player in cell damage and cell death 
in COVID-19 patients. Immunological responses 
include activation of T helper lymphocytes 
(immunological orchestrator) that activate T 
cytotoxic, macrophages and neutrophils. T helper 
lymphocytes, neutrophils, and macrophages 
produce interleukin-6 that enhances serum ferritin 
and hepcidin causing increased RNS, ROS, and 
RSS. Concomitantly, SARS-CoV-2 causes 
decreased Erf-2 which decreases serum GSH. All 
that increases oxidative stress vs. antioxidant 
power causing cell damage and apoptosis 
(ferroptosis). That collectively causes cellular 
damage to enterocytes (diarrhea and shock) and 

hepatocytes (raised serum liver enzymes, ALT, and 
AST). TaibUVID nutritional components (nigella 
sativa, natural honey, costus, senna, fennel, and 
chamomile) cause increased glutathione and 
decreased oxidative stress. Such effects effectively 
help cure COVID-19 patients. GSH reduced 
glutathione. Erf-2, erythroid releasing factor-2, 
RNS, reactive nitrogen species, ROS, reactive 
oxygen species, RSS, reactive sulfur species 
 
Step 3: Either recovery or progression  
Recovery 
 
As previously reported by the center for disease 
control, COVID-19 resolution involves recovery 
from the fever and respiratory symptoms with no 
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Paessler & Huang 2020). Hypercytokinemia 
causes acute respiratory distress syndrome and 
multiple organ damage. Immunological response 
against SARS-CoV-2 is related to race, gender, and 
age. Many therapeutic strategies investigate the 
cytokine storm in patients with severe COVID-19 
(Rabaan, Al-Ahmed, Muhammad, Khan, Sule, 
Tirupathi, et al., 2021b).  
 Upon antigen presentation (e.g. due to SARS-
CoV-2 infection), T helper lymphocytes (Th1 and 
Th2 subtypes) release inflammation-induced 
cytokines as IL-6, interferon-gamma (IFN-γ), IL-
4, granulocyte-macrophage colony-stimulating 
factor, IL-2, and IL-10. IL-2 enhances the 
maturation of helper and cytotoxic T cells, while 
IL-4 enhances B cell growth and differentiation 
into plasma cells (to secrete antibodies) (figures 1-
2) (Rabaan, Al-Ahmed, Garout, Al-Qaaneh, Sule, 
Tirupathi, et al., 2021a).  IFN-γ enhances 
phagocytosis (exerted by macrophages and 
monocytes) and potentiates natural killer (NK) 
cells-induced lysis of virus-infected cells (Lang, 
Lee, Teijaro, Becher & Hamilton (2020). The 
granulocyte-macrophage colony-stimulating factor 
is a glycoprotein that induces maturation and then 
differentiation of neutrophils and CD14+/CD16+ 
monocytes, which produce massive amounts of IL-
6 that are not seen in healthy subjects (Figure 1) 
(Boyette, Macedo, Hadi, Elinoff, Walters, 
Ramaswami, et al.,  2017). Immune cells, e.g. 
activated lymphocytes, macrophages, and 
neutrophils produce different inflammatory 
cytokines such as IL-6 and TNF-α. IL-6 induces 
fever and increases the production of acute-phase 
proteins. TNF-α enhances leukocyte-induced 

development of disseminated intravascular 
coagulopathy and septic shock (Figure1) 
(Velazquez-Salinas, Verdugo-Rodriguez, 
Rodriguez & Borca 2019). Increased serum ferritin 
(> 400 ng/ml) was reported to be high in patients 
having severe COVID-19 disease upon 
hospitalization. Serum ferritin levels were 3 and 4 
times higher in patients who died than those 
observed in patients who survived (Gómez-
Pastora, Weigand, Kim, Wu, Strayer, Palmer, et 
al., 2020).  High serum ferritin and IL-6 are both 
diagnostic and prognostic markers of COVID-19 
deterioration, progression, and deterioration of the 
cytokines storm. Patients who recovered tended to 
have lower serum IL-6 and ferritin levels (Liu,  
Zhang, Yang, Ma, Li, Zhang, et al., 2020). The 
cytokine storm (with increased levels of IL-6) 
results in increased ferritin and hepcidin levels. 
This indirectly causes lethal oxidative stress via 
sequestering iron intracellularly with the resultant 
generation of reactive nitrogen species, reactive 
oxygen species, and reactive sulfur species. That 
collectively maximizes tissue damage in affected 
organs, e.g. the gastrointestinal tract, respiratory 
tract, and elsewhere (Cortese-Krott, Koning, 
Kuhnle, Nagy, Bianco, Pasch, et al., 2017). 
Sequestered iron may react with clotting factors in 
coagulation pathways, resulting in 
hypercoagulable conditions (Tang, Zhang, Fang, 
Han, Wang, Wang, et al., 2020c). Moreover, high 
levels of intracellular iron can enhance a recently 
reported cell death mechanism termed ferroptosis 
(Gao, Monian, Pan, Zhang, Xiang & Jiang 2016). 
 
 

 

Figure 1. Pathophysiology of cytokine storm-induced death in COVID-19 patients 
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Step 1: SARS-COV-2 infects the upper 
respiratory tract 
 

   In the early stages of COVID-19, coronavirus 
infection starts with the inhalation of droplets 
containing SARS-CoV-2 virions that gain access 
to the nasal mucosa, causing cellular swelling and 
inflammation. Respiratory epithelial cells (having 
cilia) and mucus (a product of goblet cells of the 
respiratory tract) extrude the pathogen via 
mucociliary defense mechanisms. Co-morbidities 
such as diabetes, cardiovascular disease, or tobacco 
use impair pathogen excretion via this innate 
mechanism, which allows for virus colonization in 
the lower respiratory tract (Brodin 2021).  Patients 
infected with COVID-19 are usually asymptomatic 
in cases where there is no colonization of the lower 
respiratory tract. Host barriers and defenses of the 
respiratory epithelial lining, e.g. immunoglobulin 
A, reduced glutathione, and beta-defensins tend to 
clear COVID-19 infection in its early stages, 
although patient nasopharyngeal PCR swabs are 
still positive (Cao and Li 2020). When SARS-CoV-
2 arrives at the lower respiratory tract, it attaches 
to ACE2 on type II alveolar pneumocytes (which 
produce surfactant and regenerate type I alveolar 
pneumocytes that facilitate gas exchange) via the 
viral S protein. Subsequently, SARS-CoV-2 enters 
target cells, releases its single-stranded RNA 
genome, and utilizes the host enzyme machinery 
for viral replication. Consequently, damaged type 
II pneumocytes result in decreased surfactant 
levels, and suppressed type I pneumocytes 
functions impair gas exchange and minimize lung 
compliance, leading to lung edema and 
pneumonitis (Mason 2020). Intestinal epithelial 
cells have ACE2 receptors, allowing SARS-CoV-
2 to infect intestinal cells (enterocytes), causing 
early gastrointestinal manifestations, e.g. diarrhea 
(Guan, Ni, Hu, Liang, Ou, He, et al., 2020). Based 
on that, COVID-19 patients may present with 
respiratory or gastrointestinal symptoms (Table 2). 
 
Step 2: SARS-CoV-2 induces the oxidative 
stress-induced acute inflammatory process   
 
 Local immunological defenses in pulmonary 
tissues affect type II pneumocytes, alveolar 

macrophages, and dendritic cells. Macrophages 
and type II pneumocytes secrete IL-8 (a vital 
neutrophil chemotactic agent) (Costela-Ruiz, 
Illescas-Montes, Puerta-Puerta, Ruiz & Melguizo-
Rodríguez 2020). Acute inflammation occurs with 
neutrophil and monocyte migration to lung alveoli 
(García 2020), with neutrophilic degranulation and 
release of acute phase reactants, e.g. IL-6 and TNF-
α. Phagocytes use reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) as a coenzyme 
for NADPH oxidase for generating cytotoxic 
reactive oxygen species, i.e. hypochlorite and 
hydrogen peroxide (Polonikov 2020). Acute 
inflammatory processes caused by a combination 
of ROS and pro-inflammatory cytokines 
participate in causing the severe parenchymal lung 
injury commonly encountered in COVID-19. 
Decreased levels of pro-inflammatory cytokines, 
reactive oxygen species, hypochlorite, and 
hydrogen peroxide are associated with rapid 
recovery and a mild course of COVID-19 illness 
(Polonikov 2020). 
Both components of type I interferon (IFN-α and 
IFN-β) play a significant role in the innate response 
to viruses. Human embryonic kidney (HEK293) 
cells expressing structural proteins of SARS-CoV-
2 maximally resisted the effects of IFN-β and NF-
κβ (Li, Liao, Wang, Tan, Luo, Qiu et al., 2020a). 
Moreover, incubating Vero cells with recombinant 
human IFN-α caused decreased SARS-CoV-2 viral 
titers compared to non-incubated Vero cells (Tang 
et al. 2020a). 
Cytotoxic T lymphocytes recognize viral antigens 
presented by antigen-presenting cells (e.g. 
dendritic cells and B cells) in association with 
major histocompatibility complex (MHC) Class I. 
Cytotoxic T lymphocytes degranulate, causing 
released cytotoxic perforins and granzyme-B. 
Perforin proteins cause perforations and increase 
the permeability of the membranes of virus-
infected cells, while granzymes cause proteolytic 
activation of intracellular caspases, resulting in 
apoptosis (Tang et al. 2020a). Uncontrolled and 
dysregulated secretion of inflammatory and pro-
inflammatory cytokines (as TNF-α, IL-1, and IL-6 
causing cytokine storm) positively correlates with 
viral infection severity and high mortality rate via 
recruiting macrophages, T and B cells in the lung 
alveolar cells (Mantlo, Bukreyeva, Maruyama,  
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SARS-CoV-2 is vital for receptor specificity, 
tissue homing, and cellular binding. ACE2 
expression is present in the oral mucosa and nasal 
epithelial cells of the upper respiratory system and 
explains the high transmission rates of the virus 
(Sungnak et al. 2020). 
ACE2 receptors are found in type 2 alveolar cells and 
muscle cells of the pulmonary vasculature. This 
partially gives explanations about the severe 
respiratory symptomatology associated with these 
viruses (Tang et al. 2020a). Male patients suffer more 
from inflammatory disease than females. Hormones 
may play a role. Females may be more protected from 
respiratory viral pathogens of SARS-CoV-2, than 
males possibly due to the effects of estrogen and other 
sex hormones on both T and B lymphocytes 
(Vadakedath, Kandi, Mohapatra, Pinnelli, Yegurla, 
Shahapur, et al., 2021). 
ACE2 receptors are also found in the epithelial 
cells all over the gastrointestinal tract, e.g. oral 
mucosa, cytoplasm of the gastric and intestinal 
epithelia and the ciliary lining of the digestive 
glands, colonic enterocytes, myocardial cells, 
vascular endothelium, proximal tubule, bladder 
urothelial cells, and cholangiocytes (Xiao, Tang, 
Zheng, Liu, Li & Shan 2020). In a recent study, the 
ACE2 gene was found to exhibit single nucleotide 
polymorphisms with many different allele 
frequencies across the globe (Cao, Li, Feng, Wan, 
Huang, Sun, et al., 2020). SARS-CoV-2 may direct 
damage to the intestinal mucosa. This can lead to 
increased intestinal permeability to foreign 
pathogens by compromising intestinal barrier 

function, resulting in diarrhea and malabsorption 
(Gu, Han & Wang 2020). 

     The allele frequency of the host gene varies among 
males and females. In COVID-19 patients, many 
risk factors aggravate infection (Table 1). The 
presence of viral nucleocapsid protein was 
confirmed in the gastrointestinal lumen of many 
digestive organs, e.g. stomach, duodenum, and 
rectum glandular epithelial cells excluding the 
esophagus. The SARS-CoV-2 virus subverts 
cellular capabilities to serve the viral replication 
process. Viral RNA polymerase is quite necessary 
for viral replication (Xu, Chen, Wang, Feng, Zhou, 
Li, et al., 2020). The incubation period for SARS-
CoV-2 may last 4-14 days. Within this period, 
symptomatology may appear and is mostly mild 
(80%). However, severe cases may be encountered 
(20%) when comorbidities and high viral load are 
present (Wang, Tang and Wei 2020c). Severe 
symptomatology encountered with novel SARS-
CoV-2 results from the interaction of immune 
responses, cytokines effects, and defensive 
measures.  
 
Cytokine storm  
 

    The cytokine storm takes place as a consequence of 
events in response to the pathogenesis of SARS-
CoV-2 infection. This causes an increase in the 
volume of mucus and fluids inside the lung alveoli, 
with subsequent collapse of pulmonary function, 
up to respiratory failure (Corman, Landt, Kaiser, 
Molenkamp, Meijer, Chu, et al., 2020). 

 
Table 1 :  Risk factors aggravating novel SARS-CoV-2 infection (Zhou, Yu, Du, Fan, Liu, Liu, et al., 2020; 
Lippi, Wong & Henry 2020; Baud, Qi & Nielsen-Saines 2020; Verma and Shakya 2021) 

 

• Age: older than 60 years of age 
• Co-morbidities (particularly chronic diseases): diabetes mellitus, diabetic complications, chronic renal 

disease, hypertension, hyperlipidemia, cardiovascular diseases, cancer 
• Differential expression of the ACE2 receptor 
• Chronic obstructive pulmonary disease 
• Malnutrition 
• Immunocompromise 
• Viral load 
• Occupation (physicians, physician’s families, and hospital staff) 
• Virulence of COVID-19 strains and genomic mutations 
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subsequent genomic recombination possibilities 
quite common (Kautz and Forrester 2018; Smith 
2017). This may explain the evolution of SARS-
CoV-2. In Wuhan, China, the L type of SARS-
COV-2 was seen in about 70% of COVID-19 
patients and was confirmed to be more pathogenic 
and infectious compared to the original S type 
(Tang et al. 2020b). 
 
COVID-19 transmission 
 
The SARS-CoV-2 virus remains contagious in air 
droplets for approximately 3 hours (median half-
life of 1.1-1.2 hours). Moreover, SARS-CoV-2 
remains on plastic surfaces and stainless steel 
objects for an average period of three days (72 
hours) after virus contamination. Moreover, the 
SARS-CoV-2 virus has been found on copper or 
metal surfaces for 4 to 24 hours. Aerosol and 
fomite transmission is highly likely as the virus 
remains infectious in aerosols for three hours and 
on contaminated surfaces for more than 72 hours 
(Van Doremalen, Bushmaker, Morris, Holbrook,  
Gamble, Williamson, et al., 2020). 
SARS-CoV-2 infection has a high mortality rate 
that increases with age. In the 55- to 74-year-old 
age group, the mortality rate is 1.4-4.9%; this 
increases to 4.3-10.5% in the age group 75-84 
years. However, the highest fatality rate is 10.4-
27.3% in the age group above 85 years (Uddin, 
Mustafa, Rizvi, Loney, Al Suwaidi, Al-Marzouqi, et 
al., 2020). 
 

SARS-CoV-2 entry into target cells 
 
SARS-CoV-2 synthesizes many non-structural 
proteins that negatively impair the host’s immune 
system and host cell physiological functions by 
enhancing virus virulence factors. A close 
interaction occurs between the SARS-CoV-2 virus 
and host cell receptors to mediate virus entry. In 
many people, the COVID-19 pandemic remains 
symptomless, while in other patients the pandemic 
may present with severe complications, e.g. 
pneumonia, respiratory distress, and respiratory 
failure (Astuti 2020). 

   Enveloped viral species, e.g. Coronaviridae target 
angiotensin-converting enzyme (ACE) cellular 
receptors that mediate virus internalization via 

endocytosis resulting in endosome formation. That 
endosome is acidic and this acidity continuously 
and progressively increases. Protonation of the 
binding viral glycoproteins soon increases. 
Enzyme activities are enhanced, facilitating the 
binding of viral proteins to the virus membranes 
and other cellular membranes, with the final 
release of the viral RNA into the cytoplasm. Upon 
coronavirus attachment to cellular membranes, 
viral spike protein interacts with cellular receptors 
followed by acid-dependent proteolytic cleavage 
of the viral spike proteins using a protease enzyme 
(cathepsin). This is followed by the fusion of viral 
and cellular membranes to form endosomes.  The 
acidic pH of endosomes accelerates the viral-cell 
fusion processes (Tang, Bidon, Jaimes, Whittaker 
& Daniel 2020a). 
Remedies used to treat COVID-19 patients e.g. 
Remdesivir, Ivermectin, and hydroxychloroquine 
can bind the active position viral protease protein 
(Hoffmann, Kleine-Weber, Schroeder, Krüger, 
Herrler, Erichsen,  et al., 2020).  The emergence of 
a new UK variant B.1.1.7 of SARS-CoV2 virus 
had exaggerated COVID-2 suffering. SARS-CoV2 
virus is mainly transmitted through coughs, 
sneezes, talks, or breaths and on different surfaces 
(Mohapatra, Das, Pintilie & Dhama 2021). With 
the emergence of the new variants of concern of 
SARS-CoV-2, the efficacy of vaccines requires 
consideration. Vaccines' lack of efficacy against 
variants of concern of SARS-CoV-2 may subject 
the vaccinated population to health threats. 
Students in countries with the highest rates of 
infection (e.g., India, the USA, and Brazil) are 
prone to infection. SARS-CoV-2 strain variant 
(UK variant B.1.1.7) had spread in various Indian 
states among students. This maximizes vaccination 
necessity (Hoffmann et al. 2020; Mohapatra et al., 
2021; Sah, Khatiwada, Shrestha, Bhuvan, Tiwari, 
Mohapatra, et al., 2021; & Sungnak, Huang, 
Bécavin, Berg, Queen,  Litvinukova, et al., 2020)).  
 
Pathophysiology of COVID-19 
 
 SARS-CoV-2 is a single-stranded RNA virus 
containing four different viral proteins. The spike 
proteins attach SARS-CoV-2 to ACE2 and ease 
viral entry to target host cells. The spike protein of 
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1. INTRODUCTION 
 
Antioxidants are still missing vital remedies in 
COVID-19 treatment that need more light to be 
shed on them for more effective therapeutic 
outcomes. Our previous publications confirm the 
merits of antioxidants in combating the COVID-19 
pandemic, particularly at the early stages of disease 
pathophysiology. Oxidants are increased and 
antioxidants are decreased in COVID-19 patients 
which may affect its severity. This review 
investigates that and provides practical preventive 
and therapeutic solutions. 
SARS-CoV-2 is the causative virus of the COVID-
19 pandemic. This virus belongs to the beta-
coronaviruses family that are also implicated in the 
pathogenesis of severe acute respiratory syndrome 
(SARS) and the subsequent Middle East 
respiratory syndrome (Patel, Patel, Vunnam, 
Hewlett, Jain, Jing & Vunnam (2020). The COVID-
19 pandemic first emerged in December 2019 in 
the Far East where many patients presented with 
atypical pneumonia that was first observed in 
health centers in Wuhan, China.  
Oxidant/antioxidant status is impaired in COVID-
19 patients due to depleted total antioxidant 
capacity that can be regarded as a predictive 
marker of COVID-19 severity  (Wang, Horby, 
Hayden & Gao 2020b). On March 11, 2020, the 
WHO declared COVID-19 as a worldwide 
pandemic. Interestingly, the serum levels of 
reduced glutathione, total antioxidant capacity, and 
total oxidant status were estimated in COVID-19 
patients. It was found that COVID-19 patients had 
elevated levels of oxidative stress and reduction of 
antioxidant indices that aggravated the severity of 
COVID-19 in hospitalized patients. Moreover, that 
strongly suggested antioxidants as adjuvant 
therapeutics to combat the pandemic (Mann, 
Sekhon & Sekhon 2021). Patients presented with 
vague pneumonia. Early health reports indicated 
that these cases had bird flu, swine flu, and 
influenza-like symptoms. SARS-CoV-2 is 
genetically similar to SARS-CοV-1 (by about 79-
80%) and to MERS-CοV (by about 51.8%) and is 
also 96% similar to the whole genomic structure of 
coronavirus-affecting bats (Chen, Liu, & Guo 
2020). This novel virus massively disseminated 

across the world within a relatively short period (a 
few months), resulting in an emerging pandemic 
that threatened millions of lives and constituted a 
real danger to human health worldwide. Later, the 
causative virus was delineated to be a novel SARS-
CoV-2 that maximally and rapidly caused 
worldwide morbidity and mortality in a relatively 
short duration. Despite worldwide lockdown, 
SARS-CoV-2 caused a lethal pandemic 
threatening human health (Rothan and Byrareddy 
2020). The current COVID-19 pandemic has 
caused 3.7 million victims and more deaths are 
expected in the coming months (Arias-Carrasco, 
Giddaluru, Cardozo, Martins, Maracaja-Coutinho 
& Nakaya 2021). Gastrointestinal presentation is a 
serious topic related to COVID-19 lethality. In this 
review article, the merits of antioxidants for 
treating COVID-19 are introduced and correlated 
to pandemic pathology and pathophysiology, and 
new vital therapeutic targets are discussed with a 
special emphasis on the gastrointestinal picture.  
 
Genome of SARS-CoV-2 
 

SARS-CoV-2 belongs to the coronaviruses, i.e. it 
is an enveloped virus having a single-stranded 
nucleic acid (positive-sense RNA) lacking 
genomic segmentation. The viral genome (~30 kb 
in size) carries genetic information for 
synthesizing about 16 non-structural proteins 
(which facilitate viral replication, entry, and 
pathogenesis). These structural proteins include 
the envelope protein (E), membrane protein (M), 
nucleocapsid protein (N), and spike glycoprotein 
(S) (Kim, Lee, Yang, Kim, Kim & Chang 2020). 
The genomic sequence of SARS-CoV-2 confirms 
that it is about 75-80% similar to the genomic 
structure of SARS-CoV (Andersen, Rambaut, 
Lipkin, Holmes & Garry 2020). There are two 
major subtypes of SARS-CoV-2 upon studying 
103 SARS-CoV-2 genomes (referred to as L and 
S) using single nucleotide polymorphisms (Tang, 
Wu, Li, Song, Yao, Wu, Duan, Zhang, Wang & 
Qian 2020b). 
Future mutagenesis of SARS-COV-2 viruses may 
occur as they have error-prone RNA-dependent 
RNA polymerases. This may increase the 
frequency of future genetic mutations, making 
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 يعجرم ثحب
 ءابول ةیلاحلا تاجلاعلل ةدعاسم داومك ةدسكلأا تاداضمل ةلمتحملا راثلآا

:COVID-19 ضارملأل ةیضرملا ایجولویسفلا نم سورد 
 
 قنعوبأ حلاص مصتعم
 
 )ـھ1445/2/14 يف رشنلل لبقو ؛ـھ1444/9/6 يف رشنلل مدق(
 
 دادزت و .COVID-19 جلاع يف ةیویحلا تاجلاعلا نم ةدسكلأا تاداضمربتعت و .اًیدحت لثمت COVID-19 ةحئاج لازت لا :ثحبلا صلختسم
 لولحلا تبثتو كلذ يف ةعجارملا هذھ ثحبت .ضرملا ةدش ىلع رثؤی دق امم 19- دیفوك ىضرم ىدل ةدسكلأا تاداضم ضفخنت امنیب ةدسكؤملا داوملا
 تلالاس روھظو CoV-2-سراسلا سوریف تارفط ثودح أطخلل ةضرعملا يبیرلا يوونلا ضمحلا تارمیلوب لھست و .ةیلمعلا ةیجلاعلاو ةیئاقولا

 ةفدھتسملا ایلاخلا ىلع نیسنتویجنلأل لوحملا 2- میزنلإا تلابقتسمب كیابس تانیتورب طبرب COVID-19 سوریفب ةباصلإا يف ببستلا أدبی و .ةدیدج
 داوملا لثم يدسكأتلا داھجلإا اھببسی يتلا ةداحلا ةیباھتللاا تایلمعلا ثودح CoV-2 -سراسلا سوریف دعاسی و .يمضھلا زاھجلاو يسفنتلا زاھجلا يف
 ةفصاع اھببست يتلا ةداحلا ةیسفنتلا ةقئاضلا ةمزلاتمو يدسكأتلا داھجلإا ززعی امك .TNF-α افلأ مارولأا زركنت لماعو )IL-6( 6-نیكولرتنا ةیباھتللاا
 ، ملاعلا ىوتسم ىلع COVID-19 تایفو تلادعم توافتت و .ةیومدلا ةمدصلاو يسفنتلا زاھجلا لشفو ،ةمظنلأا ددعتم ةجسنلأا فلت نم تانیكوتیسلا

 ةدسكلأا تاداضمل ةیلكلا ةردقلا يف اصقن انوروك ءابو COVID-19 ىضرم رھظأ امك .تایفولا تلادعم ىندأ ةیدوعسلا ةیبرعلا ةكلمملا تلجس ثیح
 صقن ھبحصی يدسكأتلا داھجلإا نم ةعفترم تایوتسم COVID-19 ىضرم ىدل ناك دقل و .ضرملا ةدشل ةیؤبنت ةملاع اھرابتعا نكمی يتلاو ةلماكلا
 لاھسلإاو ةیھشلا نادقف لمشتو ضرملا روطت عم COVID-19 ءابول يمضھلا زاھجلا ضارعأ مقافتت ام ةداع و .ةدسكلأا تاداضم تاملاع يف
 ىوتسم ضافخنا يدؤی و .CoV-2 -سراسلا ىودع مقافت ىلإ )نویثاتولجلا لثم( ةدسكلأا تاداضم صقن ىدأ امك .نطبلا ملاآو نایثغلاو دبكلا ةباصإو
 ةحفاكمل ةدعاسم تاجلاعك ةدسكلأا تاداضم مادختسا ةدشب حرتقُی و .ضرملا ةرتف رصقو مدلا ىلإ نیجسكلأا ةبسن ضافخنا ىلإ مدلا يف نویثاتولجلا
 لثم( ةدسكلأا تاداضم صقن يدؤی و .يفاعتلا ىلع COVID-19 ىضرم تدعاس TaibUVID ةدعاولا ةدسكلأا تاداضم نأ اًقباس انتبثأ دقل .ءابولا
 نسحت عم ضرملا راسم صقن و ةیلعافتلا نیجسكلأا عاونأ لیلقت ىلإ نویثاتولجلا لوانت جئاتن تدأ امك .سراسلا ىودع میخضت ىلإ )نویثاتولجلا
 نویثاتولجلا تایوتسم عفر ىلع TaibUVID تانوكم عیمج لمعت و .ةدسكلأا تاداضمب جلاعلا روف مشلا ةساح صقنو مضھلا رسعو يوئرلا باھتللاا
 .انھ ھشقانن امك ةجسنلأا ةیامح و تاسوریفلا ةحفاكمو ةعانملا ةیوقتو

 .  TaibUVID ،نویثاتولجلا ،ةدسكلاا تادضم ،زنیكوتیسلا ةفصاع ،ةیضرملا ایجولویسفلا ، 19-دیفوك :ةیحاتفم تاملك
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The potential effects of antioxidants as adjuvants to 
current therapeutics of COVID-19 pandemic: lessons from 
disease pathophysiology 
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Abstract: The COVID-19 pandemic is still challenging. Antioxidants are missing vital remedies in COVID-19 treatment. 
Oxidants are increased and antioxidants are decreased in COVID-19 patients which may affect the disease severity. This review 
investigates that and provides practical preventive and therapeutic solutions. Error-prone RNA polymerases explain SARS-
CoV-2 mutagenesis and the emergence of novel strains. COVID-19 pathogenesis starts with the attachment of spike proteins 
to angiotensin-converting enzyme-2 receptors on target cells in the respiratory and digestive systems. SARS-CoV-2 induces 
oxidative stress-induced acute inflammatory processes. Neutrophilic degranulation releases IL-6 and TNF-α. This enhances 
oxidative stress and cytokine storm-induced acute respiratory distress syndrome with overwhelming proinflammatory 
hypercytokinemia, multisystem tissue damage, respiratory failure, and shock. COVID-19 mortality rates differ globally, with 
Saudi Arabia among the countries having the lowest fatalities. COVID-19 patients COVID-19 exhibited depleted total 
antioxidant capacity that can be regarded as a predictive marker of severity. COVID-19 patients had elevated levels of oxidative 
stress and reduction of antioxidant markers. Gastrointestinal symptoms of the COVID-19 pandemic usually worsen with 
disease progression and include anorexia, diarrhea, liver injury, nausea, and abdominal pain. Antioxidants (e.g. glutathione) 
deficiency aggravated SARS-CoV-2 infection. High serum-reduced glutathione causes decreased ROS and a shorter course of 
illness. Antioxidants are strongly suggested as adjuvant therapeutics to combat the pandemic. We previously reported 
promising TaibUVID antioxidants that help COVID-19 patients to recover. Antioxidant (e.g. glutathione) deficiency 
exaggerates SARS-CoV-2 infection. Glutathione intake results in decreased ROS and shortened illness course. Pneumonia, 
dysgeusia, and hyposmia improved immediately upon antioxidant treatment. All TaibUVID components raise glutathione 
levels, enhance immunity, combat viruses, and exert tissue protection. This review discusses this vital issue. 
  
Keywords: COVID-19, pathophysiology, cytokine storm, antioxidants, glutathione, TaibUVID 
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from 𝑆( by solving the minimization problem 
(15). 
2. Replace first-stage problem by the following 

approximate problem: 

                                    𝑚𝑖𝑛𝒙 = 𝑐-𝒙 + 𝑞((𝒙)	                                     

(17) 
𝐴𝒙 ≤ 𝑏 
𝒙 ≥ 0 

And the solution denoted by 𝒙( 
3. If 𝒙( is ”optimal”, then the solution found, 

otherwise generate a sample for 𝜉(  
   and calculate 𝑞(~𝑄(𝒙() and add it to the 
previous set that is, 𝑆(6% = 𝑆( ∪ {𝒙( , 𝑞(}    
by increasing the number f iteration 𝑘 ≔ 𝑘 + 1 
and go back to the second step. 
 
6. Conclusion 
 
Stochastic programming has gained a major of 
optimization for modeling uncertainties in 
mathematical optimization problems. Two-stage 
stochastic programming with random is dealing the 
problem under uncertainty in models, and use 
optimization concepts optimization along with 
statistics and probability. stochastic programming 
continues develop a huge of algorithm and 
theoretical by researchers and scientists. In this 
paper, we build the algorithm of two stage problem 
which we name it successive exponential 
regression approximations (SERA) to solve the 
two-stage stochastic programming for both one-
dimension and multidimensional. The algorithm 
for solving a two-stage model with probabilistic 
constraint (successive exponential regression 
approximations (SERA)) was proposed based on 
replacing the expected recourse function, which is 
numerically hard to be solve by the regression 
function then solving this problem by this 
technique. So by this idea we can solve any two 
stage Stochastic programming. For future work we 
will use real application data to with successive 
exponential regression approximations (SERA). 
 
References 
 
Alreshidi, A., Mrad, M., Subasi, E., et. Al., (2020). Two-

stage bond portfolio optimization and its application 

to saudi sukuk market. Annals of Operations 
Research, 288(1):1–43. 

Aranguren, M., Castillo-Villar, K., and Ojeda, M., (2021). 
A two-stage stochastic model for co-firing biomass 
supply chain networks. Journal of Cleaner 
Production, 319: 12858. 

Cote, G. and Laughton. M, (1982). Stochastic production 
costing in generation planning: a lagescale mixed 
integer model. Mathematical Programming Study. 

Deak, I., (2021).  Computer experiences with successive 
regression approximations for solving equations. In 
Optimization Theory, pages 65–80. Springer. 

Deak, I., (2004).  Solving stochastic programming 
problems by successive regression approximations: 
Numerical results. In Dynamic Stochastic 
Optimization, pages 209–224. Springer. 

Deak, I., (2006).  Two-stage stochastic problems with 
correlated normal variables: computational 
experiences. Annals of Operations Research, 
142(1):79–97. 

Deak, I., (2011).   Testing successive regression 
approximations by large-scale two- stage problems. 
Annals of Operations Research, 186(1):83–99, 
2011. 

Hrabec, D., Popela, P., Roupec, J., Mazal, J., and Stodola, 
P., (2016).  Two- stage stochastic programming for 
transportation network design problem. In 
International Conference on Soft Computing-
MENDEL, pages 17–25. Springer. 

Kim, K., and Mehrotra, S., (2015). A two-stage stochastic 
integer programming approach to integrated 
staffing and scheduling with application to nurse 
management. Operations Research, 63(6):1431–
1451. 

Kall, P., and Wallace, W. S., (1994). Stochastic 
Programming. New York, NY: Wiley. 

Nawaz, R., Nasir, A. N., Zada, L., et. Al., (2020). 
Comparative analysis of natural transform decom- 
position method and new iterative method for 
fractional foam drainage problem and fractional 
order modified regularized long-wave equation. 
Fractals, 28(07):2050124. 

Nawa,. R., Kumam, P., Farid, S., Shutayw, M., Shah, Z., and 
Deebani, W., (2020). Application of new iterative 
method to time fractional whitham–broer–kaup 
equations. Frontiers in Physics, 8:104. 

Prekopa, A., (1995). Stochastic Programming.  Kluwer 
Academic Publishers Group, Dordrecht. 

Ruszczynski, A., and Shapiro, A., (2003). Stochastic 
Programming Handbook in Op- erations Research 
and Management Science. Amsterdam: Elsevier 
Science. 

Shapiro, A., Dentcheva, D., and Ruszczynski, A., (2009). 
Lectures on stochastic programming: Modeling and 
theory. In MPS-SIAM Series in Optimization. 
Philadelphia. 

Stefansdottir, B., and Grunow, M., (2018). Selecting new 
product designs and processing technologies under 



Journal of the North for Basic and Applied Sciences, Vol. (8), Issue (2),  (November 2023/ Rabi' II 1445 H) 
    

 

 131 

k 

4. SERA Algorithm for the Two-Stage 
Problem 

 

The two-stage programming with recourse can be 

written as: 

                           

 

min 𝑐!𝒙 + 𝑄(𝒙)  subject to  𝐴𝒙 = 𝑏, 𝑥 ≥ 0	                     (12) 

 

where the expected recourse function Q(x) can be 

giving as 

𝑄(𝒙) = 𝐸(𝑞(𝒙, 𝜉) = 𝐸(𝑚𝑖𝑛"𝑞!𝑦|𝑊# = 𝜉 −
𝑇𝒙, 𝑦 ≥ 0) where 𝑞 is a random variable and we 
assume that the matrices T and W are 

deterministic. The main difficult computationally 
is computing the value of the expected recourse 
when the being multidimensional integral is hard 
to calculate the expected value. It is easily 
computed for any 𝑥 and 𝜉*by unbiased estimate of 
it: 

        
𝑞* = 𝑞(𝒙, 𝜉*) = 𝑚𝑖𝑛	𝑞!𝑦    s.t        𝑇𝒙 +𝑾𝑦 = 𝜉* ,				𝑦 ≥ 0                    (13) 

 
We can easily compute the expected recourse 
𝐸(𝑞(𝒙, 𝜉)) = by given an unbiased estimate of it. 
Let 𝜉*to be independent sample with the random 
variable 𝜉, for each 𝒙*  then 𝑞* = 𝑞(𝒙* , 𝜉*) and  
𝑞*~𝑄(𝒙*)  for  𝑖 = 1, 2, … , 𝑘.    In this case: 

𝑞* =
%
(
∑ 𝑞(𝒙* , 𝜉*)(
*+%  are unbiased estimates and 

independent samples of  𝜉.  
The expected recourse function is replaced by a 
least squares-regression for exponential 
approximation regression function of the form: 

                                      
  𝑞( = 𝛼(𝑒𝒃-)9                                     (14) 

 
To find the solution for the unknown 𝛼( and 𝑏(, by 
solving the following minimization problem, we 

can compute the 𝐿& minimum norm, that is 
         

 
𝑚𝑖𝑛
𝛾, 𝑏 ∑ [𝑞* − 𝑞((𝒙*)]&$

*+% 	                                                        (15) 

 
 

Since this is a minimization problem then the first 
order necessary conditions of the above problem 
give the solution of the unknown 𝛼( and 𝑏(: 

j[𝑞* − (𝛾( + 𝒃′𝑥*]
(

*+%

= 0,		 

∑ 𝑥*@[𝑞* − (𝛾( + 𝒃′𝑥*](
*+% = 0,  𝑗 = 1, 2, … , 𝑘. 

where  𝒙*@  is the 𝑗 − 𝑡ℎ component of the 

vector	𝒙*  and 𝛾 = 𝑙𝑛𝛼 for more details see 
previous section. 
For starting our algorithm we need to generate 
random 𝑘 points of 𝒙*  and calculate 𝑞*  for these 
points. Thus giving the set 𝑆( = {𝒙* , 𝑞*}*+%(  

0. [start] let the iteration being with the number 𝑘 
of points in 𝑆(. 

1. Then, compute the following coefficient 𝑏( and 
𝛼( of exponential regression function 

 
𝑞((𝒙) = 𝛼(𝑒𝒃-)9                                             (16) 
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respectively, and putting the derivatives equal to 
zero. Then we have 
 ∑ [𝑓* − (𝛾 + 𝛽𝑥*]$

*+% = 0 

j𝑥*[𝑓* − (𝛾 + 𝛽𝑥*]
$

*+%

= 0 

By solving the above system in the unknowns 
constants γ and β following the  
same technique as given by [4], consider 
                                  𝑚2 =

%
(
∑ 𝑓* ,(
*+%  	 	 	 	 	 𝑚% =

%
(
∑ 𝑓* 	𝑥* ,(
*+%    

 
𝑀2 =

%
(
∑ 𝑥*2 = 1,(
*+%  	 	 	 	 	𝑀% =

%
(
∑ 	𝑥* ,(
*+%   	 	𝑀& =

%
(
∑ 	𝑥*&,(
*+%  

 
Then, we can rewrite the system (3–3) as follows 
𝛽𝑀& + 𝛾𝑀% = 𝑚%, 𝛽𝑀% + 𝛾𝑀2 = 𝑚2, that is 

k𝑀& 𝑀%
𝑀% 𝑀2

lk𝛽𝛾l = m
𝑚%
𝑚2
n. 

Thus, we obtain 𝛽 = /'$%!&'!
:"/:!

" ,	and 𝛾 =
/'$%"('!%!

:"/:!
" . 

Furthermore, the solution of the minimization 
problem (7) is given by  
 
𝛽 = ( ∑ 9#.$##

)
#*! /∑ ∑ 9#.$##

)
#*!

)
#*!

(∑ 9#
")

#*! /<∑ 9#)
#*! =

" ,  and  

𝛾

= 𝑒𝑥𝑝 p
−∑ 𝑥* ∑ 𝑥*(

*+% 𝑙𝑛𝑦*(
*+% + ∑ 𝑙𝑛𝑦* ∑ 𝑥*&(

*+%
(
*+%

𝑘 ∑ 𝑥*&(
*+% − c∑ 𝑥*(

*+% d&
q 

 
3. Multidimensional SERA 
 
Consider we have 𝒌 distinct points 𝒙𝒊, 𝐛 ∈ 𝐑𝐧 for 
𝑖 = 1, 2, … , 𝑘. We need an interpolate these points 
such that satisfies the exponential function 

 
𝑦* = 𝛼𝑒𝒃-9 ,	for 𝑖 = 1, 2, … , 𝑘       (9) 

 
where α and b are unknown constants. Similarly 
as for the previous simple case, by taking the 
logarithm for both sides of Eq. (9).  Assume that 

𝑓* = 𝑙𝑛𝑦* and 𝛾 = 𝑙𝑛𝛼, then by solving the 
following minimization problem we can compute 
the 𝐿&	minimum norm, that is 

 
𝑚𝑖𝑛
𝛾, 𝛽 ∑ [𝒇* − (𝛾 + 𝒃′𝒙]&$

*+% 	                      (10) 
 
for the unknown constant 𝛾 and  𝑏. By 
differentiating (10) with respect to 𝛾 and  𝑏, 
respectively. Then we obtain ∑ [𝒇* − (𝛾 +$

*+%
𝒃′𝒙] = 0, 
 ∑ 𝑥*@[𝒇* − (𝛾 + 𝒃′𝒙] = 0,$

*+%  for 𝑗 = 1, 2, … , 𝑛,  
where  𝑥*@  is the 𝑗 − 𝑡ℎ component of the vector 
𝑥* .  Following [5], we consider the following 
notations, 

𝑚2 =
%
(
∑ 𝒇* ,(
*+%  					𝑚%,@ =

%
(
∑ 	𝑥*@𝒇* ,(
*+%    

 
𝑀2,@ =

%
(
∑ 𝑥*@2 = 1,(
*+%  					𝑀%,@ =

%
(
∑ 	𝑥*@ ,(
*+%   and		

𝑀&,@. =
%
(
∑ 	𝑥*@𝑥*. ,(
*+%  

 
Furthermore we can rewrite the above system as 
follows 

          
  𝑴Ʌ = 𝒎,                                                (11) 

 
where Ʌ	is the vector of the unknown constants, 
Ʌ- = (𝑏%, … , 𝑏$), and  
and the vector 𝑚 and the matrix and 𝑴 are defined 
by 
  𝒎 = c𝑚%,% ,			… ,𝑚%,$, 𝑚2d 
 

𝑴 = {

𝑀&,%%					
⋮

𝑀&,$%					
𝑀%,%

⋯
⋱
⋯
⋯

						𝑀&,%$				
⋮

𝑀&,$$					
𝑀%,$

𝑀%,%
⋮

𝑀%,$
𝑀2

� 

obtain the solution of the minimization problem 
(10). 
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following approximate one:                                     
𝑚𝑖𝑛
𝒙 = 𝑐-𝒙 + 𝑞((𝒙)	                          (5) 

𝐴𝒙 ≤ 𝑏 
𝑥 ≥ 0 

and denote its optimal solution by 𝒙( . 
3. If  𝒙( is "good enough" then STOP, 

otherwise compute 𝑞(~𝑄(𝒙(),	 let 𝑆(6% = 𝑆( ∪
{𝒙( , 𝑞(} increase𝑘 ≔ 𝑘 + 1 and go back to Step 1" 
(Deak , 2004), the above algorithm was described 
and approved theoretically by (Deak, 2004). 
The most recent development in the solution of 
two-stage model with probabilistic constraint is a 
heuristic approach (successive regression 
approximations (SRA) proposed by (Deak, 2003) 
for medium-size problems, which is extended for 
large scale problem with one hundred decision 
variables in the and first-stage with 120 
dimensional normally distributed ξ in the second 
stage problem (Deak, 2011), where he claims that 
the computational test indicates that the method is 
working. However, no theoretical proof of the SRA 
method exists but the performance has been 
efficient for more details see (Deak, 2002; Deak, 
2003; Deak, 2006). 𝑄(𝒙) = 𝐸(𝑞(𝑥, 𝜉) =

𝐸(𝑚𝑖𝑛"𝑞!𝑦|𝑊# = 𝜉 − 𝑇𝑥, 𝑦 ≥ 0) where 𝑞 is a 
random variable and we assume that the matrices 
T and W are deterministic. The main difficult 
computationally is computing the value of the 
expected recourse when the being 
multidimensional integral is hard to calculate the 
expected value. It is easily computed for any x and 
𝜉* by unbiased estimate of it: 
 
2. Computing a Least Squares-

Regression for Exponential 
Approximation 

 
Assume that we have k distinct points, for 
instance(𝑥%, 𝑦%), … (𝑥( , 𝑦()) and we need to 
interpolate a function  𝑔* = 𝑔(𝑥*)  such  that  𝑔* =
𝑦* 	for all  
	𝑖 = 1,… , 𝑘 Consider we need to an interpolation 
for these points that satisfy the exponential 
function, i.e., 

                       
 𝑦* = 𝛼	𝑒89# ,	for 		𝑖 = 1, 2, … , 𝑘                                         (6) 

 
where α and β are unknown constants. In order to 
give the best approximation for the function 𝑔*  we 

shall solve the least square problem (𝐿&  minimum 
norm), that is,  

   

 𝑚𝑖𝑛𝛼, 𝛽 ∑ [𝑔* − 𝑦*]&$
*+% 	                                       (7) 

 
Apply the natural logarithm for both sides of Eq. 
(6) then we obtain  

𝑙𝑛𝑦* = lnc𝛼	𝑒89#d = 𝑙𝑛𝛼 + 𝛽𝑥* 

Let 𝑓* = 𝑙𝑛𝑦* and 𝛾 = 𝑙𝑛𝛼, then the least square 
problem (7) can be transformed into 

                           

 
𝑚𝑖𝑛
𝛼, 𝛽 ∑ [𝑓* − (𝛾 + 𝛽𝑥*]&$

*+% 	                                (8) 

 
 

Hence, we will solve the minimization problem 
(8) that is associated to the pints (𝑥* , 𝑓*) for 𝑖 =

1,… , 𝑘, then, we will obtain the solution of the 
minimization problem (7) by using 𝛼 = exp(𝛾).  
By differentiating (8) with respect to 𝛾 and 𝛽, 
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problem has a finite optimal solution, which means 
∀𝑥  x, ξ the 𝑞(𝑥, 𝜉) is less than ∞. The difficult part 
is to compute the expected recourse function 
because of the multidimensional integral but it is 
easy to give an unbiased estimate of it. Let  
𝜉%, 𝜉&, … , 𝜉(  to be independent samples from 
distribution of the random 𝜉 that is for each point 
𝒙𝒊 then  
𝑞* =

%
(
∑ 𝑞(𝒙* , 𝜉*)(
*+%  is an unbiased estimate of the 

expected recourse function 𝑄(𝒙) and 𝜉 are 
independent samples. The SRA algorithm 
computes this estimated function value and 
constructs a quadratic approximation based on 𝑞* . 
To start the SRA algorithm, we need to make 

random initial points 𝑥* and compute for each point 
of  𝑥*  an  unbiased estimate 𝑞*  of  𝑄(𝒙*)which is 
linear programming problems that is  𝑞*~𝑄(𝑥*). 
Then, we have the set 𝑆( = {𝑥* , 𝑞*}*+%(  and the 
quadratic regression function of this form: 
 
𝑞((𝒙) = 𝒙′𝐷(𝒙 + 𝑏′( + 𝑐( 
 
is replaced instead the expected recourse function 
𝑄(𝒙) which is hard to evaluate numerically, Where 
𝑫(  is  a assumed to be symmetric matrices and  
𝑫(, 𝒃(, 𝑐( are unknown parameters can be 
computed from the optimization problem:  
                    

 
𝑚𝑖𝑛

𝑫( , 𝒃( , 𝑐(
=	∑ [𝑞* − (𝑥-*𝑫(𝒙* + 𝒃-(𝒙* + 𝑐()]&(

*+%                     (2) 

 
 
by the first order necessary conditions of (2), the 
solutions for the unknown parameters are giving 
by: 
          ∑ [𝑞* − (𝒙-*𝑫(𝒙* + 𝒃-(𝑥* + 𝑐()] = 0(

*+%  
                 ∑ [𝑞* − (𝒙-*𝑫(𝒙* + 𝒃-(𝑥* +(

*+%

𝑐()]𝒙*' = 0, 𝑚 = 1,… , 𝑛. 
                 ∑ [𝑞* − (𝒙-*𝑫(𝒙* + 𝒃-(𝑥* +(

*+%
𝑐()]𝒙*'𝒙*. = 0, 𝑙 = 1,… , 𝑛,  
where 𝑥*' is the mth component of the vector 𝑥* . 
Furthermore, we can rewrite the system (2-2) 

 
𝑴Ʌ = 𝒎,     Ʌ = 𝑴/%𝒎,                              (3) 

 

Where Ʌ- =

(𝑑%%, 𝑑%&, … , 𝑑%$, 𝑑&&, … , 𝑑&$	, 𝑑00, … , 𝑑$$,

𝑑%, … , 𝑑$, 𝑐	) and the 

 𝐦- =
(𝑚&,%%, 𝑚&,%&, … ,𝑚&,%$, 𝑚&,%&, 𝑚&,&&, … ,𝑚&,$$	, 𝑚%,%, 𝑚%,&, … ,𝑚%,$,
𝑚2	) and the component of  𝐦 are: 
𝑚2 =

%
(
∑ 𝑞* ,(
*+%  					𝑚%,' = %

(
∑ 𝑞* 	𝑥*',(
*+%   	𝑚&,'. =

%
(
∑ 𝑞* 	𝑥*'𝑥*. ,(
*+%  

And the elements of the matrix 𝑀 are defined as: 
𝑀2,' = %

(
∑ 𝑥*'2 = 1,(
*+%  	 	 	 	 	 𝑀%,' = %

(
∑ 	𝑥*',(
*+%   		

𝑀&,'. =
%
(
∑ 	𝑥*'𝑥*. ,(
*+%  

  		𝑀0,'.3 =
%
(
∑ 	𝑥*'𝑥*.𝑥*3 	(
*+% and 𝑀4,'.35 =

%
(
∑ 	𝑥*'𝑥*.𝑥*3𝑥*5	(
*+%  

"These notations used to describe the matrix M and 
by solving the system (3), so the solution of 
problem (2) will obtain. 
The SRA algorithm for two-stage problem which 
introduced by (Deak, 2004) is giving as following: 

0. [Initialization.] Set the iteration counter to 
the number  𝑘 of points and compute  𝑞*~𝑄(𝒙*) 
and 𝑆( = {𝒙* , 𝑞*}*+%( . 

1. Compute the coefficients of  𝑫( , 	𝒃( and 	𝑐( of 
the quadratic regression function 

	
𝑞((𝑥) = 𝒙′𝑫(𝑥 + 𝒃′( + 𝑐(                                           (4) 

 
from  𝑆( by solving the minimization problem (2). 

 
2. Replace the original first stage problem with the 
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1. Introduction 
 
Stochastic programming, or called optimization 
under uncertainty, is an optimization problem 
formulated mathematically with stochastic 
systems, where random variable parameters appear 
in objective functions or in the constraints. 
Uncertainty is dealt with random parameters in 
objective or constraints, or in both.   
(Prekopa,1995) shows a numerical example of a 
large-scale size of uncertainty problem. 
Dynamic Stochastic programming models or static 
models are decision making problems where the 
equations are stochastics, (Prekopa, 1995) use a 
model where some or all of the parameters are 
random by considering of joint distribution 
function, for further details see (Prekopa, 1995; 
Deak, 2001; Deak, 2004; Deak, 2006; Deak, 2011; 
Shapiro, Dentcheva and Ruszczynski, 2009). Two 
stage stochastic problem see (Nasser Alreshidi et 
al., 2020; Rashid Nawaz et al., 2020) they show 
decomposition method which give quickly 
convergent and and encouraging results. 
Convergence of Krasnoselskii–Mann for more de- 
tails see (Shah, 2022; Nawaz, 2020). 
There are many real applications of two-stage 
models that done in many fields of DM such as 
Accident prediction models (Chao Wanget et al., 
2011). Transportation problem (Hrabec et al., 
2015).  Outages of power plants (Cot´e and 
Laughton, 1982). Food supply chain (Bryndis 
Stefansdottir and Mar- tin Grunow 2018). Portfolio 

optimization (Nasser Alreshidi et al., 2020).  
Energy models (Jo˜ao Soares et al., 2017).  Airline 
network (Yang T.H., 2010). Staffing and 
Scheduling (Kibaek Kim and Sanjay Mehrotra., 
2015). Biomass supply chain networks (Maria 
Aranguren et al., 2021). Water resources problems 
(Wang and Huang., 2015). Milk production 
problems (Yalcin and Stott., 2000). Risk 
(Zimmerman and Carter., 2003). Two-stage 
stochastic programming with recourse is the most 
important and most used model in stochastic 
programming (Prekopa, 1995; Bryndis 
Stefansdottir and Martin Grunow, 2018). Recently 
Deak developed a heuristic algorithm, this 
procedure called successive regression 
approximations or SRA that is for solving the two-
stage and probabilistic stochastic programming 
problems. The expected recourse function of the 
second stage problem (A. Ruszczynski and A. 
Shapiro, 2003), frequently cannot be evaluated 
accurately but some Monte Carlo techniques can 
compute them. The algorithm is based on replacing 
the expected recourse function, which is 
numerically hard to be solve by the regression 
function then solving this problem by this heuristic 
technique, see (Deak, 2001; Deak, 2004; Deak, 
2006; Deak, 2011). Deak describes the SRA 
algorithm for tow stage stochastic programming 
problem as following. Two-stage stochastic 
programming with expected recourse: 
 

 
min 𝑐!𝒙 + 𝑄(𝒙)  subject to  𝐴𝒙 = 𝑏, 𝑥 ≥ 0	                     (1) 

 
 
Where 𝑄(𝒙) = 𝐸(𝑞(𝒙, 𝜉) = 𝐸(𝑚𝑖𝑛"𝑞!𝑦|𝑊# =
𝜉 − 𝑇𝒙, 𝑦 ≥ 0) and the vector  
𝒙 ∈ 𝑅$!and 𝑦 ∈ 𝑅$"are denoted for first-stage 
decisions and the second-stage decision variable, 
respectively. All the matrices here are 
deterministic A, T, W and the dimensions are   
𝑚% × 𝑛%, 𝑚& × 𝑛%,			𝑚% × 𝑛&	 respectively, for the 

other vectors are deterministic 𝑏 ∈ 𝑅'! and 𝑞 ∈
𝑅$" except ξ ∈ 𝑅'! the righthand side vector is 
random. In the SRA algorithm, he assumed [5], 
that ξ is uncertain with normal distribution and the 
problem has complete recourse to guarantee that 
the second stage problem is feasible which, means 
that for any 𝑥 and any ξ there exists y feasible 
solution and the second stage linear programming 
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Solving Two-Stage Stochastic Programming 
Problems by Successive Exponential Regression 
Approximations 
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Abstract  : There is a variety of technics for solving Two-Stage Stochastic Programming Problems. Recently the 
two-stage stochastic problem has been solved by the successive quadratic regression approximations. Here, we 
solve the two-stage stochastic problems by using the exponential regression instead of the quadratic one, then we 
build the algorithm of successive exponential regression approximations (SERA). Successive exponential 
regression approximations (SERA) procedure has been improved to solve two-stage stochastic problems by using 
the same technic of successive quadratic regression approximations where we replace the exponential regression 
function instead the quadratic regression function in which is replaced instead the expected recourse function of 
second stage problem which is hard to evaluate numerically, then we compute exponential regression. So the 
algorithm is used to solve large-scale of multi-stage problems. Also, the new algorithm is solving two-stage 
problem by using exponential regression approximations which is convergent. 
 
Key Words: Two-stage stochastic problem, exponential regression approximations, quadratic 
regression approximations. 
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MSA (Duman, Rivera, et al., 
2020) 107695.0619 111205.0554 116303.6361 1857.2167 - 

DEEPSO (Duman, Rivera, et 
al., 2020) 103407.6296 103889.1446 104507.4884 292.8782 - 

Figure 11: Convergence for case 2. 

 
 
6 . Conclusion 
The OPF problem, among various goals, is 
quickly becoming one of the most in-demand 
optimization problems in today's modern power 
networks. This article investigates multiple 
multiobjective OPF challenges, including 
renewable energy. A wide range of possible 
scenarios are considered considering power 
systems' complexities and constraints. These 
concerns include power loss, fuel expense, 
environmental effects, and voltage deviation 
values. In addition, a modified version of the 
Cuckoo optimization algorithm (COA) (MCOA) 
is built. A variety of algorithms have been 
developed for optimal multiobjective OPF under 
a variety of circumstances. Studies have 
demonstrated the efficiency and reliability of the 
MCOA algorithm in solving OPF problems in the 
presence of renewable DG resources.  
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PG46~ 
PG54 42.000 145.00

0 30.000 30.009 120.00
0 

401.00
0 30.001 30.050 30.001 

Voltage magnitude of generators 

VG1~ 
VG9 0.9498 0.980 0.970 0.983 0.998 0.971 0.959 0.959 0.961 

VG10~ 
VG18 0.974 0.974 0.983 0.974 0.958 0.972 0.961 0.953 0.946 

VG19~ 
VG27 0.949 0.981 0.981 0.951 0.951 0.951 0.963 0.963 0.963 

VG28~ 
VG36 0.970 1.025 1.025 0.975 0.987 0.987 0.955 0.955 0.979 

VG3~ 
VG45 1.01 0.949 0.958 0.968 0.953 0.971 0.972 0.995 0.982 

VG46~ 
VG54 0.980 0.948 0.960 0.9560 0.961 0.947 0.961 0.961 0.970 

Transformers' tap 

T1~ T9 0.962 1.033 1.000 1.000 0.995 0.995 0.987 0.9890 0.941 

VAR compensating units 

QC1~QC9 12.714 11.290
3 0.250 4.171 18.000 0.010 11.000 13.886 11.002 

QC10~QC
14 6.557 13.001 23.357 1.106 5.999 Cost 

($/h) 
103395.
78 PLoss 55.119 

Table 14: Optimal results for case 2. 
 

Optimizer Min Mean Max Std. Time 
(s) 

MCOA 103395.78 103406.94 103415.67 10.42 781 

COA 107008.21 109639.71 112617.55 818.2 759 

WGA 103405.36 103412.05 103419.40 25.94 810 

AOA 116994.05 120201.73 124011.65 1095.3 1240 

INFO 106849.00 109114.19 113867.14 504.6 1405 

DS (Duman, Rivera, et al., 
2020) 110992.4249 112680.2902 114787.7786 953.6529 - 

BSA (Duman, Rivera, et al., 
2020) 117149.9833 120443.2982 123385.1256 1638.0949 - 
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Figure 10: Convergence for case 1. 

 
5.2. Case 2: OPF problem with quadratic 
cost function for traditional generators 
including the solar and wind energy 
sources. 

Similar to the previous case system, wind energy 
sources are located in buses 18, 32, 36, 55, 104, 
and 110. Also, solar energy generation units are 
in nodes 6, 15 and 34. The best solution for this 
case is obtained by the proposed MCOA 
algorithm, as shown in Table 13. In addition, 
Table 14 represents a comparative study between 
the results of the algorithms studied in this article 

and the solutions obtained in the reference 
(Duman, Rivera, et al., 2020). From these results, 
the MCOA is a very powerful algorithm for 
optimizing and distributing optimization in large 
and real power systems. The characteristic of the 
convergence of the algorithms studied in this case 
is shown in Figure 11, demonstrating the good 
convergence performance of the proposed 
optimization algorithm. 

In the case of the 118-bus system, OPF's 
superiority over MCOA is demonstrated as the 
system dimensions increase. 

Table 13: Optimal decision variables settings for case 2. 
 

Actual power output of generators 

PG1~ PG9 33.000 30.500 79.910
0 30.102 169.52

6 59.401 100.000 150.00
00 30.095 

PG10~ 
PG18 30.505 96.011 144.98

2 30.000 32.103 120.00
0 149.655 120.00

0 30.082 

PG19~ 
PG27 

30.000
0 35.696 121.49

8 45.000 150.00
0 34.167 102.935 102.29

9 30.0 

PG28~ 
PG36 

202.17
7 

205.48
9 

273.78
0 30.200 30.200 30.200 30.000 30.100 30.100 

PG3~ 
PG45 

262.00
0 30.0 31.189 292.27

5 30.081 30.000 30.000 30.393 112.70
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QC10~QC14 29.9984 9.006 29.996 1.000 11.010 Cost 
($/h) 129517.37 PLoss 76. 360 

        Table 12: Optimal results for case 1. 
 

Optimizer Min Mean Max Std. Time 
(s) 

MCOA 129537.37 129549.25 129555.14 6.37 726 

COA 138685.15 142950.74 144007.34 699.4 730 

WGA 129540.44 129552.81 129558.95 8.93 703 

AOA 139569.56 143175.14 145509.84 801.2 1134 

INFO 138672.82 142884.29 143578.68 445.7 1378 

CS-GWO (Meng et al., 2021) 129544.0 129558.9 129568.8 10.7 4252.5 

PSOGSA (Mohamed et al., 
2017) 129733.6 - - - - 

FPA (Mohamed et al., 2017) 129688.7 - - - - 

MFO (Mohamed et al., 2017) 129708.1 - - - - 

Rao-1 (Hassan et al., 2021) 131817.9 - - - 808.0 

Rao-3 (Hassan et al., 2021) 131793.1 - - - 806.7 

Rao-2 (Hassan et al., 2021) 131490.7 - - - 804.6 

MRao-2 (Hassan et al., 2021) 131457.8 - - - 1160.3 

EWOA (Nadimi-Shahraki et 
al., 2021) 140175.8 - - - - 

MCSA (Shaheen et al., 2021) 129873.6 - - - - 

ICBO (Bouchekara et al., 2016) 135121.6 - - - - 

MSA (Mohamed et al., 2017) 129640.7 - - - - 

SSO (Hassan et al., 2021) 132080.4 - - - - 

GWO  (El-Fergany & 
Hasanien, 2015) 139948.1 142989.3 145484.6 797.8 1766.2 

IABC (Bai et al., 2017) 129862.0 129895.0 - 40.8 4157.8 
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available reactive powers ranging from 0 to 30 
MVAR (Duman, Rivera, et al., 2020).  

5.1. Case 1: OPF problem with quadratic cost 
function for traditional generators 
without the solar and wind energy sources 

In Tables 11 and 12, the result is compared to the 
results of other algorithms under investigation 
and some other techniques reported in the 
literature, including CS-GWO (Meng et al., 
2021); MSA (Mohamed et al., 2017), FPA 
(Mohamed et al., 2017), MFO (Mohamed et al., 
2017), PSOGSA (Mohamed et al., 2017), IABC 
(Bai et al., 2017), MCSA (Shaheen et al., 2021), 

MRao-2 and Rao algorithms (Hassan et al., 
2021), SSO (Hassan et al., 2021), ICBO 
(Bouchekara et al., 2016), GWO (El-Fergany & 
Hasanien, 2015), and EWOA (Nadimi-Shahraki 
et al., 2021). According to this table, the MCOA 
outperforms various optimization techniques 
used to solve the large-scale OPF. According to 
the obtained simulation data, the minimum cost 
obtained from MCOA is 129517.37 $/h, which is 
less comparing to result of other algorithms. Also, 
Figure 10 depicts, after that, the convergence 
characteristic of the studied algorithms used in 
this case. 

 

Table 11:  Optimal decision variables settings for case 1. 

 
Actual power output of generators 

PG1~ PG9 24.195 0.028 0.012 0.030 403.000 85.600 20.000 11.000 20.200 

PG10~ PG18 0.015 195.982 281.021 10.918 7.149 15.998 0.183 5.000 48.300 

PG19~ PG27 41.898 19.000 194.017 49.210 31.000 32.522 149.991 148.403 0.000 

PG28~ PG36 354.500 350.903 458.220 0.000 0.000 0.000 15.822 19.620 0.000 

PG3~ PG45 432.000 0.000 3.601 506.989 0.000 0.000 0.000 0.000 233.375 

PG46~ PG54 37.885 0.220 3.998 29.041 6.000 35.000 36.500 0.011 0.000 

Voltage magnitude of generators 

VG1~ VG9 1.020 1.038 1.040 1.075 1.100 1.029 1.036 1.042 1.028 

VG10~ 
VG18 1.065 1.093 1.100 1.052 1.048 1.048 1.048 1.032 1.025 

VG19~ 
VG27 1.021 1.049 1.060 1.031 1.027 1.029 1.049 1.068 1.055 

VG28~ 
VG36 1.071 1.071 1.079 1.061 1.061 1.048 1.048 1.030 1.058 

VG3~ VG45 1.069 1.080 1.078 1.092 1.068 1.075 1.076 1.600 1.061 

VG46~ 
VG54 1.050 1.041 1.030 1.028 1.029 1.042 1.020 1.050 1.060 

Transformers' tap 

T1~ T9 1.047 1.047 0.965 0.963 1.000 1.008 0.982 0.980 0.971 

VAR compensating units 

QC1~QC9 30.000 0.000 0.000 2.000 20.000 8.000 8.000 28.235 28.748 
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AOA 815.5255 28.1 817.6217 816.8410 1.01 

INFO 814.3942 33.4 816.5601 815.5889 1.26 

WGA 813.5269 23.8 814.2247 813.7112 0.604 

COA 814.7277 22.5 816.2242 815.5209 1.25 

MCOA 813.1276 22.5 813.7012 813.3723 0.429 

Method Min Time (s) Max Mean Std. 

 Case 6 

AOA 968.4278 25.5 971.2885 970.2347 2.61 

INFO 965.0305 29.0 970.4143 968.1889 2.43 

WGA 964.8344 23.6 965.4578 965.6549 0.738 

COA 968.0184 22.5 968.1634 967.0625 1.68 

MCOA 964.2521 22.5 965.0307 964.5846 0.814 

Method Min Time (s) Max Mean Std. 

 Case 7 

AOA 783.5939 27.6 785.2641 784.9991 0.977 

INFO 782.4830 29.7 784.9170 783.3454 0.868 

WGA 782.2985 25.4 782.9775 782.7531 0.852 

COA 782.5129 26.4 783.9485 783.2901 1.34 

MCOA 782.1910 26.4 782.7316 782.4721 0.663 

Method Min Time (s) Max Mean Std. 

 Case 8 

AOA 812.7563 30.1 815.1569 814.3313 3.92 

INFO 811.6345 32.3 814.2818 812.8100 2.84 

WGA 810.6845 27.3 811.4569 811.1184 0.923 

COA 811.6948 26.5 813.5013 812.1716 2.04 

MCOA 810.5542 26.6 811.1652 810.8203 0.698 

5. OPF in the IEEE 118-Bus large-scale test 
System 
 

In this part, the IEEE 118-bus test system (Meng 
et al., 2021) is used to evaluate the efficiency of 
the proposed MCOA in solving a larger power 
system. This test system has 54 generators, 186 

branches, 9 transformers, 2 reactors, and 12 
capacitors. It has 129 control variables considered 
for 54 generator active powers and bus voltages, 
9 transformer tap settings, and 12 shunt capacitor 
reactive power injections. All buses have voltage 
limitations between 0.94 and 1.06 p.u. Within the 
range of 0.90–1.10 p.u., the transformer tap 
settings are evaluated. Shunt capacitors have 
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  Table 10:  Statistical results of MCOA and COA. 
 

Method Min Time (s) Max Mean Std. 

 Case 1 

AOA 802.6318 28.7 804.9570 803.7042 1.78 

INFO 801.8834 30.4 804.3152 802.8556 2.93 

WGA 800.9701 21.9 801.6926 801.2999 0.842 

COA 801.7449 22.4 802.8623 802.0724 2.81 

MCOA 800.4791 22.4 800.7816 800.5629 0.283 

Method Min Time (s) Max Mean Std. 
 

Case 2 

AOA 649.2593 26.9 651.5815 650.3662 2.46 

INFO 647.7004 23.0 650.0457 648.9654 1.43 

WGA 646.9731 21.1 647.3950 647.8821 0.749 

COA 649.8857 22.5 651.1421 650.2790 1.94 

MCOA 646.4890 22.5 646.9002 646.6874 0.375 

Method Min Time (s) Max Mean Std. 
 

Case 3 

AOA 833.7423 22.9 834.6465 835.9325 2.34 

INFO 832.8083 29.7 834.3280 833.4100 1.12 

WGA 832.4601 25.1 833.1994 832.7543 0.554 

COA 832.8498 22.5 833.9849 833.3615 1.75 

MCOA 832.2134 22.4 832.7816 832.5022 0.341 

Method Min Time (s) Max Mean Std. 
 

Case 4 

AOA 1041.5309 26.0 1042.8252 1042.0067 1.20 

INFO 1040.9591 30.2 1042.3516 1041.8404 1.74 

WGA 1040.3394 20.9 1040.9139 1040.6612 0.916 

COA 1040.6773 22.4 1042.4279 1041.6434 1.96 

MCOA 1040.0674 22.5 1040.6715 1040.3200 0.507 

Method Min Time (s) Max Mean Std. 

 Case 5 
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Figure 9: Convergence for case 8. 

 

 

4.8 Discussions on the IEEE 30-bus network 
In this section, we comprehensively compare 
between the suggested MCOA and the basic 
COA, and also, three modern powerful recent 
algorithms, arithmetic optimization algorithm 
(AOA) (Abualigah et al., 2021), weighted mean 
of vectors (INFO) (Ahmadianfar et al., 2022) and 
wild geese algorithm (WGA) (Ghasemi et al., 
2021), over all of the scenarios covered in this 
article on the IEEE 30-bus network. Best, 
average, and worst results from 30 runs, as well 
as standard deviation and average running time, 
are shown in Table 10. An in-depth examination 
of this table demonstrates that the suggested 
MCOA method has triumphed over the original 
COA algorithm and three modern powerful recent 
algorithms, AOA, INFO and WGA in every 
situation tested and that it has done so without 
increasing the time it takes to execute the original 
algorithm or the complexity of the computations 
it conducts.  

It is, therefore, evident that the suggested MCOA 
performs statistically differently from its 

competitors. According to these quantitative and 
qualitative findings, the proposed MCOA can 
produce challenging and competitive results at 
faster convergence speeds. Adopting a 
revolutionary hybrid optimization approach for 
the MCOA algorithm is proposed. This enhances 
its global search capability while balancing 
exploration and exploitation to achieve high-
quality solutions. The algorithm can achieve 
better search efficiency by leveraging this 
approach and avoiding local optima. As part of 
the evaluation of the performance of the MCOA 
algorithm, it has been compared with the AOA, 
the INFO, the WGA, and the basic COA 
algorithms. As a result of the results, the 
suggested MCOA is superior and effective. The 
proposed algorithm has the advantage of fast 
convergence to global optima, making it suitable 
for solving complex real-world power system 
problems. We expect that as time progresses, the 
OPF problem will include emergency events, 
large-scale testing systems, and the penetration of 
electric vehicles. 
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Table 9:  The optimal variables value for case 8. 
 

Variables COA MCOA 

PG1 (MW) 123.98540 123.23593 

PG2 (MW) 34.3509 32.2800 

Pws1 (MW) 46.6899 45.6210 

PG3 (MW) 10.0000 10.0000 

Pws2 (MW) 39.2993 38.4229 

Pss (MW) 34.3579 39.1160 

VG1 (p.u.) 1.0704 1.0704 

VG2 (p.u.) 1.0569 1.0569 

VG5 (p.u.) 1.0359 1.0357 

VG8 (p.u.) 1.1000 1.0403 

VG11 (p.u.) 1.0983 1.0998 

VG13 (p.u.) 1.0498 1.0566 

QG1 (MVAR) -2.97776 -2.74168 

QG2 (MVAR) 11.05753 12.23749 

Qws1 (MVAR) 22.23269 22.97597 

QG3(MVAR) 40.00000 35.18169 

Qws2 (MVAR) 30.00000 30.00000 

Qss (MVAR) 15.37773 18.01536 

Fuelvlvcost ($/h) 435.0921 426.2147 

Wind gen cost ($/h) 264.8905 257.9513 

Solar gen cost ($/h) 93.4094 108.8521 

Total Cost ($/h) 793.3920 793.0180 

Emission (t/h) 0.91514 0.87681 

J8 811.6948 810.5542 

Power losses (MW) 5.2833 5.2758 

V.D. (p.u.) 0.45900 0.47042 

Carbon tax ($/h) 18.3028 17.5362 
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Figure 8: Convergence for case 7. 

 
 

 

4.7.2 Case 8: Minimizing generating costs 
while accounting for the cost of carbon and the 
variable output of renewable sources 
The threat of climate change has led some nations 
to raise their demands that the whole energy 
sector cut carbon emissions. Ctax, or carbon 
taxes, are charged on emissions of greenhouse 
gases. 

This tax is intended to encourage financial 
investments in renewable energy sources like 
wind and solar power. The following is a 
breakdown, in USD per hour, of the cost of 
publishing (Biswas et al., 2018): 

 

Emission cost: 𝐶D = 𝐶:/0𝐸 
(50) 

 

𝐽T = 𝐽U + 𝐶:/0𝐸 (51) 

As a way of reducing the total costs associated 
with the generation of electrical power, the 
concluding case study of this article suggests 
imposing a financial penalty in the form of a 
carbon tax on the emissions of greenhouse gases 
by traditional thermal energy producers. The 
anticipated total cost of Equation (51  ) is what 
needs to be maintained at the lowest feasible 
level. It is anticipated that the rate of the carbon 
tax will be twenty dollars per ton. 

Table 9 presents the results of a simulation 
conducted using these two methods to determine 
the ideal load distribution. The result produced by 
the proposed adjusted version of the algorithm is 
superior to that produced by the original method. 
More specifically, the pace of development of 
energy production programs based on renewable 
energy production will be decided by the volume 
of emissions and the degree of pricing and taxes 
on carbon. The convergent behavior of the two 
algorithms is shown in Figure 9 for case 8 of the 
research. 

0 50 100 150 200 250 300 350 400
780

790

800

810

820

830

840

850

860

Iteration

To
ta

l C
os

t (
$/

h)

 

 
COA
MCOA



Abdulaziz Alanazi: Optimal Power Flow Considering Solar and Wind Energy Systems Via Modified ........  
 

 110 

Table 8 displays the best possible answers 
obtained from each algorithm tested in this 
research after 30 iterations. Pws1 shows the 
expected output from WG1, and so on, for each 
successive wind generator. According to this 
table, the proposed MCOA algorithm has 

successfully located optimal solutions that are 
both of a higher quality and perform much better 
than the original COA approach. The convergent 
behavior of the two algorithms is shown in Figure 
8 for case 7 of the research. 

 

       Table 8: The optimal variables for case 7. 

Variables COA MCOA 

PG1 (MW) 134.90794 134.90791 

PG2 (MW) 27.5907 27.7283 

Pws1 (MW) 43.1839 43.3109 

PG3 (MW) 10.0001 10 

Pws2 (MW) 36.2407 36.5707 

Pss (MW) 37.2677 36.6646 

VG1 (p.u.) 1.0717 1.0721 

VG2 (p.u.) 1.0567 1.0571 

VG5 (p.u.) 1.0346 1.035 

VG8 (p.u.) 1.0396 1.0397 

VG11 (p.u.) 1.0992 1.0983 

VG13 (p.u.) 1.0587 1.0551 

QG1 (MVAR) -2.12274 -1.95067 

QG2 (MVAR) 12.4535 13.2051 

Qws1 (MVAR) 23.1089 23.2034 

QG3(MVAR) 34.7495 35.0095 

Qws2 (MVAR) 30 30 

Qss (MVAR) 18.8345 17.5462 

Fuelvlvcost ($/h) 437.5577 438.0114 

Wind gen cost ($/h) 241.8954 243.4495 

Solar gen cost ($/h) 103.0597 100.7301 

Total Cost ($/h) 782.5129 782.1910 

Emission (t/h) 1.76231 1.76227 

Power losses (MW) 5.7911 5.7823 

V.D. (p.u.) 0.47399 0.46413 
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(38) 

wind/solar integrated OPF constraints and 
variables 
To incorporate the variables associated with the 
wind and solar power generations into the 

conventional OPF problem, some modifications 
and additional constraints should be considered. 
So, the equality constraints (6) and (7) are 
expressed as given in (39) and (40). 

𝑃!(+𝑃79,(+𝑃99,( − 𝑃)( − 𝑉(;𝑉*5𝐵(* sin 	 (𝛿( − 𝛿*) + 𝐺(* cos 	 (𝛿( − 𝛿*)	6
$+

*,#

	= 	0 (39) 

𝑄!(+𝑄79,(+𝑄99,( − 𝑄)( − 𝑉(;𝑉*5𝐺(* sin( 𝛿( − 𝛿*) 	−	𝐵(* 𝑐𝑜𝑠( 𝛿( − 𝛿*)6 	= 	0
$+

*,#

 (40) 

 

Also, the voltage magnitude, active and reactive 
power generations at the installed locations of the 
wind and solar power generation units are 
restricted using the constraints (41) to (46). 

𝑉79,(-(. ≤ 𝑉79,( ≤ 𝑉79,(-/0 (41) 

𝑃79,(-(. ≤ 𝑃79,( ≤ 𝑃79,(-/0 (42) 

𝑄79,(-(. ≤ 𝑄79,( ≤ 𝑄79,(-/0 (43) 

𝑉99,(-(. ≤ 𝑉99,( ≤ 𝑉99,(-/0 (44) 

𝑃99,(-(. ≤ 𝑃99,( ≤ 𝑃99,(-/0 (45) 

𝑄99,(-(. ≤ 𝑄99,( ≤ 𝑄99,(-/0 (46) 

In the wind/solar integrated OPF problem, the 
control variables, u is defined as follows: 

𝑢 = [𝑄, 𝑉! , 𝑉7 , 𝑉9, 𝑃7 , 𝑃9, 𝑃! , 𝑇], 

(47) 

𝑄		 = 5𝑄"$ , … , 𝑄""%6, 

𝑉! = 5𝑉!$ , . . . , 𝑉!"#6, 

𝑉7 = 5𝑉79,#, … , 𝑉79,"46, 

𝑉9 	= 5𝑉99,$ , … , 𝑉99,"56, 

𝑃7 = 5𝑃79,#, … , 𝑃79,"46, 

𝑃9 	= 5𝑃99,$ , … , 𝑃99,"56, 

𝑃! = 5𝑃!! , . . . , 𝑃!"#6, 

𝑇		 = [𝑇#, . . . , 𝑇$%]. 

Besides, the state variables, x is represented as 
follows: 

𝑥 = 5𝑆, 𝑄7 , 𝑄9, 𝑄! , 𝑉' , 𝑃!$6, 

(48) 

𝑆 = 5𝑆'$ , . . . , 𝑆'"()6, 

𝑄7 = 5𝑄79,#, … , 𝑄79,"46, 

𝑄9 = 5𝑄99,$ , … , 𝑄99,"56, 

𝑄! = 5𝑄!$ , . . . , 𝑄!"#6, 

𝑉' = 5𝑃79,#, … , 𝑃79,"46. 

4.7.1 Case 7: Minimizing generation costs 
considering the variable nature of renewable 
sources  

According to (39), case 7 minimizes and 
maximizes the overall cost of generating 
electricity by thermal and renewable energy 
sources (Biswas et al., 2018). The PDF 
parameters are outlined in (Biswas et al., 2018), 
and the cost coefficients are unchanged from case 
1.  
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4.7 OPF solutions, including stochastic solar 
and wind power. 
Wind Power 
In order to construct a work optimization strategy 
to deal with OPF challenges, a future wind energy 
profile prediction is required. These forecasts are 
calculated with the use of the Weibull probability 
distribution function. The first stage in finding a 
solution to a problem is to estimate how much 
energy can be generated from the wind, which 
may be done independently. Wind speed is a 
common input into models of wind power 
generation. Here, the Weibull probability 
distribution function is used to create and 
simulate the wind speed fv(v), where k and c are 
dimensionless form factors and step sizes, 
respectively, in the following equations (Biswas 
et al., 2018): 

𝑓E(𝜈) =
𝑘
𝑐 }
𝜈
𝑐~

=F#
× 𝑒FG

E
HI

*

 (31) 

According to formula (33), [22] the average of the 
Weibull probability distribution (Mwbl) is mainly 
determined by 𝛤(𝑥) (32) (Biswas et al., 2018): 

𝑀78' = 𝑐 ∗ 𝛤(1 + 𝐾F#) (32) 

𝛤(𝑥) = � 𝑒F:𝑡0F#𝑑𝑡
J

K
 (33) 

A wind turbine is a device that generates 
electricity from the kinetic and potential energy 
of the wind. The relation between wind velocity 
and the electrical power generated by a wind 
turbine is given by equation (34) (Biswas et al., 
2018). 

𝑃7(𝜈)

= �

0; 	𝜈 ≤ 𝜈(.and𝜈 > 𝜈;L:
𝑃7< �

𝜈 − 𝜈(.
𝜈< − 𝜈(.

� ;	𝜈(. < 𝜈 ≤ 𝜈<
𝑃7<; 	𝜈< < 𝜈 ≤ 𝜈;L:

 (34) 

where	𝑃7<is the wind turbine's rated power, wind 
turbine's cut-in wind rate is vin, and vout is the cut-
out wind rate and vr is the valued wind speed. 

Equation (43) describes the total cost of wind 
power generation in (USD/h), which includes 
three main items: direct wind turbine, storage, and 
penalty costs (Biswas et al., 2018). 

𝐶M% =;5𝐶7,*v𝑃79,*z + 𝐶47,*v𝑃7/N,* − 𝑃79,*z + 𝐶O7,*v𝑃79,* − 𝑃7/N,*z6
$+

*,#

 (35) 

Suppose the power production from the wind 
turbine is less than the value anticipated. In that 
case, a storage charge will be levied to 
compensate for the forecasted value. A fine is 
imposed on the company if the actual 
consumption of wind energy is higher than the 
predicted figure. Because of this, having a system 
that provides an accurate assessment of the wind 
power profile is of the utmost importance. The 
costs are broken down into USD per hour using 
the methodology outlined in (Biswas et al., 2018).  
Solar power units 
It is difficult to forecast how much energy can be 
harvested from the sun because of atmospheric 
variables like clouds and solar radiation. Since 
solar radiation is a known quantity, it may be used 
to calculate the maximum power generated by 
solar systems (G). 

In this section, the lognormal probability 
distribution function 𝑓!(𝐺)(Biswas et al., 2018): 

𝑓!(𝐺) =
=

!P√5R
× 𝑒FG

(-./01)
!3!

I for G>0 (36) 

The conversion of solar energy into usable power 
is the final goal of a solar energy system. 

In equation (36), the estimated solar radiation is 
utilized to describe the output power of this 
system, which is denoted by the function 𝑃9(𝐺) as 
a function (Biswas et al., 2018): 

𝑃9(𝐺) =

⎩
⎪
⎨

⎪
⎧𝑃9<

𝐺5

𝐺9:S𝑅H
; 	0 < 𝐺 < 𝑅H

𝑃9<
𝐺

𝐺9:SH
; 	𝐺 ≥ 𝑅H

 (37) 

The cost of producing energy from solar sources 
is broken down into three distinct categories, 
much as the cost of producing electricity from 
wind sources, to mitigate the effects of the 
inherent uncertainty in the cost estimate. 

Equation (38) determine the following sum of all 
components in terms of their respective (USD/h) 
values (Biswas et al., 2018): 
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Table 7: The optimal solutions for case 6. 
 

Algorithm Fuel cost 
($/h) 

Emission 
(t/h) 

Power losses 
(MW) 

V.D. 
(p.u.)  

MSA (Mohamed et al., 2017) 830.639 0.25258 5.6219 0.29385 965.2907 

SSO (El Sehiemy et al., 2020) 829.978 0.25 5.426 0.516 964.9360 

PSO (El Sehiemy et al., 2020) 828.2904 0.261 5.644 0.55 968.9674 

J-PPS3 (Gupta et al., 2021) 830.3088 0.2363 5.6377 0.2949 965.0228 

J-PPS2 (Gupta et al., 2021) 830.8672 0.2357 5.6175 0.2948 965.1201 

J-PPS1 (Gupta et al., 2021) 830.9938 0.2355 5.6120 0.2990 965.2159 

MNSGA-II (Ghasemi, 
Ghavidel, Ghanbarian, et al., 
2014) 

834.5616 0.2527 5.6606 0.4308 972.9429 

MFO (Mohamed et al., 2017) 830.9135 0.25231 5.5971 0.33164 965.8080 

MOALO (Herbadji et al., 2019) 826.2676 0.2730 7.2073 0.7160 1005.0512 

MODA (Ouafa et al., 2017) 828.49 0.265 5.912 0.585 975.8740 

I-NSGA-III (Zhang et al., 2019) 881.9395 0.2209 4.7449 0.1754 994.2078 

BB-MOPSO (Ghasemi, 
Ghavidel, Ghanbarian, et al., 
2014) 

833.0345 0.2479 5.6504 0.3945 970.3379 

COA 830.2933 0.2558 5.7225 0.3319 968.0184 

MCOA 830.2798 0.2529 5.5876 0.2971 964.2521 

 

Figure 7: Convergence for case 6. 
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Figure 6: Convergence for case 5. 

 

 

4.6 Case 6: Minimizing the fuel cost, voltage 
deviation, emissions, and losses 
 

This function models fuel cost, voltage deviation, 
active power loss and emission with 𝜆v = 21, 𝜆p 
= 22 and 𝜆e = 19 (Biswas et al., 2018): 

𝐽C = 𝐽# + 𝜆𝑣 ∗ ;|𝑉( − 1.0|
$43

(,#

+ 𝜆𝑒 ∗;𝐹D((𝑃!()
$!

(,#

+ 𝜆𝑝 ∗ 𝑃&;99 (29) 

∑ 𝐹D((𝑃!()$!
(,#  is expressed as follows: 

𝐹D =;v𝛼( + 𝜉( 𝑒𝑥𝑝( 𝜆(𝑃!() + 𝛽(𝑃!( + 𝛾(𝑃!(5 z
$!

(,#

 (30) 

where FEi signifies the emission,𝛾(,𝛽(, 𝜉( and 𝜆( 
show the emission coefficients of ith generator. 

Table 7 summarizes the findings of the algorithms 
investigated in this study compared to the most 
successful results of more recent papers. This 
table makes it abundantly evident that the MCOA 

optimization technique is the superior choice 
among these other optimization approaches for 
the sixth ideal load distribution scenario. Figure 7 
depicts, after that, the convergence characteristic 
of the COA and MCOA algorithms used in this 
example.  
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𝐽B = 𝜆𝑣 ∗ ;|𝑉( − 1.0|
$43

(,#

+ 𝐽# (28) 

where the value of the component λv is set to 100 
(Biswas et al., 2018). 

Table 6 presents the best results that could be 
achieved for case 5 using the techniques 

discussed in this article, as well as findings from 
more recent investigations. MCOA has produced 
the lowest and best values for this objective 
function in comparison to other approaches 
shown in Table 6. Figure 6 presents the 
characteristic convergence curves of the various 
methods. 

 

Table 6:  The optimal solutions for case 5. 
 

Optimizer Fuel cost 
($/h) 

Emission 
(t/h) 

Power losses 
(MW) 

V.D. 
(p.u.)  

BB-MOPSO (Ghasemi, Ghavidel, 
Ghanbarian, et al., 2014) 804.9639 - - 0.102

1 815.1739 

DA-APSO (Shilaja & Ravi, 2017) 802.63 - - 0.116
4 814.2700 

SpDEA (Ghoneim et al., 2021) 803.0290 - 9.0949 0.279
9 831.0190 

MNSGA-II (Ghasemi, Ghavidel, 
Ghanbarian, et al., 2014) 805.0076 - - 0.098

9 814.8976 

PSO-SSO (El Sehiemy et al., 
2020) 803.9899 0.367 9.961 0.094

0 813.3899 

SSO (El Sehiemy et al., 2020) 803.73 0.365 9.841 0.104
4 814.1700 

PSO (El Sehiemy et al., 2020) 804.477 0.368 10.129 0.126 817.0770 

MFO (Mohamed et al., 2017) 803.7911 0.36355 9.8685 0.105
63 814.3541 

EMSA (Bentouati et al., 2020) 803.4286 0.3643 9.7894 0.107
3 814.1586 

TFWO (Sarhan et al., 2022) 803.416 0.365 9.795 0.101 813.5160 

ECHT-DE (Biswas et al., 2018) 803.7198 0.36384 9.8414 0.094
54 813.1738 

MOMICA (Ghasemi, Ghavidel, 
Ghanbarian, et al., 2014) 804.9611 0.3552 9.8212 0.095

2 814.4811 

MPSO (Mohamed et al., 2017) 803.9787 0.3636 9.9242 0.120
2 815.9987 

COA 804.0138 0.3673 10.0020 0.107
1 814.7277 

MCOA 803.7176 0.3614 9.7753 0.094
1 813.1276 

5J



Abdulaziz Alanazi: Optimal Power Flow Considering Solar and Wind Energy Systems Via Modified ........  
 

 104 

Table 5: The optimal solutions for case 4. 
 

Optimizer Fuel cost 
($/h) 

Emission 
(t/h) 

Power losses 
(MW) 

V.D. 
(p.u.)  

SF-DE (Biswas et al., 2018) 859.1458 0.2289 4.5245 0.92731 1040.1258 

MJaya (Warid et al., 2018) 827.9124 - 5.7960 - 1059.7524 

QOMJaya (Warid et al., 
2018) 826.9651 - 5.7596 - 1402.9251 

EMSA (Bentouati et al., 
2020) 859.9514 0.2278 4.6071 0.7758 1044.2354 

MOALO (Herbadji et al., 
2019) 826.4556 0.2642 5.7727 1.2560 1057.3636 

SpDEA (Ghoneim et al., 
2021) 837.8510 - 5.6093 0.8106 1062.223 

MSA (Mohamed et al., 
2017) 859.1915 0.2289 4.5404 0.92852 1040.8075 

COA 859.2413 0.2291 4.5359 0.9113 1040.6773 

MCOA 859.0154 0.2289 4.5263 0.9298 1040.0674 

Figure 5: Convergence for case 4. 

4.5 Case 5: Minimizing the fuel cost and 
voltage deviation. 

 
The voltage specification is the most important of 
all the factors considered when determining a 
network's dependability. This may be modified 
by reducing the voltage gap between the load and 

the bus to a value closer to unity. An acceptable 
solution is found when the cost alone is used as 
the target function; however, the voltage 
variations associated with this solution are 
undesirable. Therefore, the objective function of 
the optimum load distribution in scenario 5 of this 
article is described below to minimize both 
voltage deviations (V.D.) and fuel costs. 
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Figure 4: Convergence for case 3. 

 
 

 

4.4 Case 4: Minimizing the fuel cost and real 
power loss 
Engineers strive to minimize energy loss in the 
transmission of electricity. Therefore, we want to 
lessen network fuel and losses in this case. The 
correct form of the objective function is as 
follows: 

 

𝐽> = 𝜆𝑝 ∗ 𝑃&;99 + 𝐽# (26) 

The value of factor 𝜆p has been chosen as equal 
to 40 (Biswas et al., 2018).  

Network loss (PLoss) can be modeled as the 
following average (Biswas et al., 2018): 

𝑃&;99 = ; 𝑔=(𝑉(5 + 𝑉*5 − 2
$%&

=,#
=,((,*)

𝑉(𝑉* 𝑐𝑜𝑠 𝛿(*) (27) 

As seen above, the conductance of the kth branch 
is denoted by the symbol gk. 

In Table 5, we provide the optimal answers to this 
instance, as determined by the algorithms 
explored in this research and the techniques 

analyzed in the relevant prior literature. The 
results show that the approach put forth in this 
MCOA paper is the best option. Figure 5 below 
displays the convergence characteristics of the 
examined methods for the top 30 run-average 
solutions. 
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Figure 3: Convergence for case 2. 

4.3 Case 3: Considering valve point effects 
(VPEs) 
The quadratic cost function achieves a higher 
degree of accuracy and realism as a direct result 
of the influence of tap point loading. When steam 

is introduced, the valves on thermal generating 
units open, which results in rapid increases in 
losses and causes ripples in the cost function 
curve. This causes VPEs. The effect of this is that 
the cost function may be expressed as follows 
(Biswas et al., 2018): 

 
(25) 

where di and ei are the ith generator's price and 
efficiency factors (Biswas et al., 2018). 

Results from SP-DE (Biswas et al., 2018), PSO 
(Bouchekara et al., 2016), COA, and MCOA 
algorithms are shown in Table 4. It is clear from 

the data presented in this table that the MCOA is 
an algorithm that is well-suited to the complex 
OPF. It is also clear from the algorithm 
convergence graph in Figure 4 that the MCOA 
can achieve good and acceptable optimal 
solutions. 

Table 4: The optimal solutions for case 3. 

 

Optimizer Fuel cost 
($/h) 

Emission 
(t/h) Power losses (MW) V.D. 

(p.u.) 

COA 832.8498 0.4390 10.9273 0.7216 

MCOA 832.2134 0.4379 10.7009 0.8323 

SP-DE (Biswas et al., 2018) 832.4813 0.43651 10.6762 0.75042 

PSO (Bouchekara et al., 
2016) 832.6871 - - - 
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Table 3: The optimal solutions for case 2. 

 

Optimizer Fuel cost ($/h) Emission (t/h) Power losses 
(MW) V.D. (p.u.) 

MDE (Sayah & 
Zehar, 2008) 647.846 - 7.095 - 

MPSO-SFLA 
(Narimani et al., 
2013) 

647.55 - - - 

MSA 
(Mohamed et 
al., 2017) 

646.8364 0.28352 6.8001 0.84479 

IEP (Ongsakul 
& Tantimaporn, 
2006) 

649.312 - - - 

SSA (Jebaraj & 
Sakthivel, 2022) 646.7796 0.2836 6.5599 0.5320 

SSO (Nguyen, 
2019) 663.3518 - - - 

GABC (Roy & 
Jadhav, 2015) 647.03 - 6.8160 0.8010 

FPA (Mohamed 
et al., 2017) 651.3768 0.28083 7.2355 0.31259 

MICA-TLA 
(Ghasemi, 
Ghavidel, 
Rahmani, et al., 
2014) 

647.1002 - 6.8945 - 

MFO 
(Mohamed et 
al., 2017) 

649.2727 0.28336 7.2293 0.47024 

LTLBO 
(Ghasemi, 
Ghavidel, 
Gitizadeh, et al., 
2015) 

647.4315 0.2835 6.9347 0.8896 

COA 649.8857 0.2824 7.4359 0.6474 

MCOA 646.4890 0.2835 6.7217 0.9277 
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Figure 2: Convergence for case 1. 

4.2 Case 2: Minimizing piecewise quadratic 
fuel cost functions. 
Thermal generators can operate on a wide range 
of fuels depending on the requirements of the 

network. Consequently, we may consider the 
theoretical analysis of the F curve for these units 
(1 and 2) to be a collection of constraints. 

 

(23) 

For the kth kind of fuel, the cost coefficients of 
generator i are indicated by the notation aik, bik, 
and cik, respectively. 

As a direct consequence of this, the goal function 
for modeling the features of fuel costs may be 
shown as follows: 

𝐽5 = n;𝛼(= + 𝑐(=𝑃!(5 + 𝑏(=𝑃!(

$!

(,#

o (24) 

Table 3 compares these results to the outcomes 
that have been reported in the most recent 
research, such as MDE (Sayah & Zehar, 2008), 
MPSO-SFLA (Narimani et al., 2013), MSA 
(Mohamed et al., 2017), IEP (Ongsakul & 

Tantimaporn, 2006), SSA (Jebaraj & Sakthivel, 
2022), SSO (Nguyen, 2019), GABC (Roy & 
Jadhav, 2015), FPA (Mohamed et al., 2017), 
MICA-TLA (Ghasemi, Ghavidel, Rahmani, et al., 
2014), MFO (Mohamed et al., 2017), and LTLBO 
(Ghasemi, Ghavidel, Gitizadeh, et al., 2015). The 
fuel that costs the least per hour ($/h), produces 
the fewest emissions ($/ton), wastes the least 
amount of power (MW), and has the lowest V.D. 
(p.u.) is the one that wins. This table demonstrates 
that the MCOA approach described here performs 
better than the other algorithms that were taken 
into consideration. Figure 3 illustrates the 
convergence characteristic curve of the two 
algorithms that were investigated for this work to 
find the optimum solution.  
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GWO (Niknam, 
Narimani, Aghaei, 
et al., 2011) 

801.41 - 9.30 - 

FPA (Mohamed et 
al., 2017) 802.7983 0.35959 9.5406 0.36788 

ARCBBO (Ramesh 
Kumar & 
Premalatha, 2015) 

800.5159 0.3663 9.0255 0.8867 

JAYA (Warid et al., 
2016) 800.4794 - 9.06481 0.1273 

MICA-TLA 
(Ghasemi, 
Ghavidel, Rahmani, 
et al., 2014) 

801.0488 - 9.1895 - 

PPSOGSA (Ullah et 
al., 2019) 800.528 - 9.02665 0.91136 

DE (Sayah & Zehar, 
2008) 802.39 - 9.466 - 

MHBMO (El-
Fergany & 
Hasanien, 2015) 

801.985 - 9.49 - 

MFO (Mohamed et 
al., 2017) 800.6863 0.36849 9.1492 0.75768 

TS (Abido, 2002) 802.29 - - - 

AGSO (Hazra & 
Sinha, 2011) 801.75 0.3703 - - 

SFLA-SA (Niknam, 
Narimani, Jabbari, 
et al., 2011) 

801.79 - - - 

SKH (Pulluri et al., 
2018) 800.5141 0.3662 9.0282 - 

ABC (Abaci & 
Yamacli, 2016) 800.660 0.365141 9.0328 0.9209 

AO (Khamees et al., 
2021) 801.83 - - - 

COA 801.7449 0.3739 9.4432 0.5715 

MCOA 800.4791 0.3663 9.0212 0.9091 
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4.1 Case 1: Minimizing the fuel cost 
Several aspects of the objective function were 
considered while working on the OPF issue for 
this research. The first component of this goal 
function of minimizing fuel costs is resources, 
which is the same as the conventional cost 
function in that it has the same meaning. 

𝐽# =;(𝛼( + 𝑏(𝑃!( + 𝑐(𝑃!(5 )
$!

(,#

 (22) 

where the coefficients ai, bi, and ci (Mohamed et 
al., 2017) show the costs associated with the ith 
unit. 

Table 2 compares testified findings from recent 
works such as MSA (Mohamed et al., 2017), 
MGBICA (Ghasemi, Ghavidel, Ghanbarian, et 
al., 2015), MRFO (Guvenc et al., 2020), MPSO-
SFLA (Narimani et al., 2013), EP (SOOD, 2007), 
IEP (Ongsakul & Tantimaporn, 2006), PSOGSA 

(Radosavljević et al., 2015), GWO (Niknam, 
Narimani, Aghaei, et al., 2011), FPA (Mohamed 
et al., 2017), ARCBBO (Ramesh Kumar & 
Premalatha, 2015), JAYA (Warid et al., 2016), 
MICA-TLA (Ghasemi, Ghavidel, Rahmani, et al., 
2014), PPSOGSA (Ullah et al., 2019), DE (Sayah 
& Zehar, 2008), MHBMO (El-Fergany & 
Hasanien, 2015), MFO (Mohamed et al., 2017), 
TS (Abido, 2002), AGSO (Hazra & Sinha, 2011), 
SFLA-SA (Niknam, Narimani, Jabbari, et al., 
2011), SKH (Pulluri et al., 2018), ABC (Abaci & 
Yamacli, 2016), and AO (Khamees et al., 2021) 
on the OPF of COA and MCOA algorithms. 

According to Table 2, the provided algorithm 
outperformed the others in attaining the lowest 
potential fuel cost. The convergence properties of 
the COA and MCOA algorithms are shown in 
Figure 2. From this diagram, it is easy to see that 
in case 1, the algorithms reach a correct final 
solution at the right moment.  

 

Table 2: The optimal solutions for case 1. 
 

Optimizer Fuel cost ($/h) Emission (t/h) Power losses 
(MW) V.D. (p.u.) 

MSA (Mohamed et 
al., 2017) 800.5099 0.36645 9.0345 0.90357 

MGBICA 
(Ghasemi, 
Ghavidel, 
Ghanbarian, et al., 
2015) 

801.1409 0.3296 - - 

MRFO (Guvenc et 
al., 2020) 800.7680 - 9.1150 - 

MPSO-SFLA 
(Narimani et al., 
2013) 

801.75 - 9.54 - 

EP (SOOD, 2007) 803.57 - - - 

IEP (Ongsakul & 
Tantimaporn, 2006) 802.46 - - - 

PSOGSA 
(Radosavljević et 
al., 2015) 

800.49859 - 9.0339 0.12674 
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Table 1:The ideal values for the variables that MCOA found for OPF  without using stochastic 
renewable energy. 

 

Var. 
Cases 

1 2 3 4 5 6 

PG1 (MW) 177.1373 140.0000 198.7757 102.6071 175.5192 122.1789 

PG2 48.7211 55.0000 44.7459 55.5533 48.4117 52.5609 

PG5 21.3808 24.1481 18.5791 38.1102 21.2771 31.4833 

PG8 21.2481 34.9526 10.0000 35.0000 23.1580 35.0000 

PG11 11.9338 19.2642 10.0002 30.0000 12.8093 26.7244 

PG13 12.0001 16.7568 12.0000 26.6587 12.0000 21.0401 

VG1 (p.u.) 1.0836 1.0757 1.0807 1.0698 1.0429 1.0732 

VG2 1.0605 1.0581 1.0573 1.0576 1.0225 1.0574 

VG5 1.0339 1.0324 1.0296 1.0359 1.0152 1.0325 

VG8 1.0382 1.0410 1.0360 1.0438 1.0041 1.0407 

VG11 1.0999 1.0810 1.0969 1.0834 1.0723 1.0401 

VG13 1.0511 1.0561 1.0710 1.0573 0.9902 1.0246 

T6–9 1.0782 1.0229 1.0987 1.0744 1.0972 1.0997 

T6–10 0.9057 0.9611 0.9002 0.9111 0.9017 0.9509 

T4-12 0.9787 0.9917 1.0040 0.9901 0.9399 1.0331 

T28–27 0.9729 0.9737 0.9772 0.9750 0.9693 1.0046 

QC10 (MVAR) 1.1748 4.9159 5.0000 4.6868 4.5850 3.1626 

QC12 2.3807 3.3019 0.0029 0.1790 0.0289 0.0401 

QC15 4.2578 4.1233 4.9995 4.4675 4.7603 3.8335 

QC17 4.9792 5.0000 4.9941 5.0000 0.2594 4.9998 

QC20 4.2860 4.4169 0.0 4.2431 4.9959 4.9997 

QC21 4.9980 4.9918 4.9999 5.0000 4.7559 5.0000 

QC23 3.3965 3.6741 3.5363 3.2614 4.9780 4.2152 

QC24 4.9973 4.9986 5.0000 5.0000 4.9766 5.0000 

QC29 2.6408 2.6782 2.7027 2.5507 2.7285 2.6110 

Cost ($/h) 800.4791 646.4890 832.2134 859.0154 803.7176 830.2798 

Emission (t/h) 0.3663 0.2835 0.4379 0.2289 0.3614 0.2529 

Power losses (MW) 9.0212 6.7217 10.7009 4.5263 9.7753 5.5876 

V.D. (p.u.) 0.9091 0.9277 0.8323 0.9298 0.0941 0.2971 
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method, which reduces the technique's overall 
complexity. The migration operator formula may 
be represented as a relation when using the 

modified cuckoo optimization approach, which is 
as follows: 

𝑋(.67 = 𝑋( + 𝑟𝑎𝑛𝑑 × (𝑋869: − 𝑋() − 𝑟𝑎𝑛𝑑 × (𝑋7;<9: − 𝑋() (21) 

Here, rand represents the random values are 
numbers between 0 and 1. 

3.3. Time Complexity 
It is worthwhile to remember that MCOA's 
computational complexity is determined by three 
processes: initialization, fitness evaluation, and 
updating of the algorithm population. 
Consequently, the computational complexity of 
the initialization process is O(Npop). As a result, 
the computational complexity of the updating 
mechanism is O(Itermax + Npop)+O(Itermax + 
Npop + D), in which the aim is to find the most 
optimal location and update the location vector of 
all populations. The maximum number of 
iterations itermax is determined by the dimension 
of the problem, and D is the maximum number of 
iterations. MCOA, like the original COA 

algorithm, has a computational complexity of 
O(Npop×(Itermax + Itermax ×D + 1)). 

4. MCOA for Solving the Various OPF 
Problems in the IEEE standard 30-bus system 
In this section, the proposed MCOA algorithm is 
implemented in MATLAB 2014a. And for load 
distribution analysis, MATPOWER (Zimmerman 
et al., n.d.) software is used. All cases are 
executed on the IEEE standard 30-bus system 
(Mohamed et al., 2017), which is used in many 
articles, as shown in Figure 1. For all investigated 
cases, a population of 60 and a number of 
repetitions of 400 were used in both COA and 
MCOA algorithms. In order to make the proposed 
MCOA method effective and compare it with 
COA, eight OPF scenarios have been considered 
and simulated. 

In the supplemental material, Table 1 summarizes 
MCOA's conclusive findings for the 30-bus 

power system under six different OPF scenarios 
that do not use stochastic renewable energy.  

 

Figure 1: The layout of the IEEE 30-bus network. 
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work with. In the wild, a cuckoo will lay 
anywhere from 5 to 20 eggs in one location. 
Throughout several iterations, these values are 
utilized to determine the top and lower boundaries 
of the egg allotment given to each cuckoo. 

The maximum laying range, also known as ELR, 
is a function of several factors, including the total 
number of eggs, the present number of cuckoo 
eggs, and the upper and lower bounds of the issue 
variables. In light of this, the ELR may be 
understood to refer to the following relationship: 

 

𝐸𝐿𝑅 = 𝜎 ×
Number	of	current	cuckoos	eggs
Tota l number of eggs (𝑋𝑚𝑖𝑛-/0)

 
(19) 

𝜎  The setting factor of the maximum radius is 
ELR. 

Cuckoos have been seen to nest in the ELR of the 
host bird. 

Then, after each round of egg-laying, the p% of 
eggs (often 10%) with the lowest objective 
function value or profit is destroyed. 

Cuckoo habitats 
K-means classification puts the cuckoos into 
groups, and k-values between 3 and 5 are 
generally enough. We can determine where a 
given community would be best served by 
averaging everyone's aims. Then the group whose 
average value of the goal function or profit is 
most significant is chosen as the target, and the 
other groups begin to move in that direction. Each 
cuckoo in this migration takes a detour φ from the 
best possible route, covering just δ% of the total 
distance between the origin and destination. 

The cuckoo can better investigate its 
surroundings with these two variables. An angle 
φ between -π/6 and π/6, and δ a random value 
between 0 and 1, respectively. When all the 
cuckoos have arrived at their destination, and 
their new homes have been identified, they will 
each have a clutch of eggs. Each cuckoo is 
assigned an ELR based on its egg production, and 
laying starts afterward. The cuckoo optimization 
method uses a migration operator defined by the 
following formula: 

𝑋(.67 = 𝑋( + 𝐹 × (𝑋869: − 𝑋() (20) 

The parameter determines the level of divergence, 
denoted by F, and Xbest indicates the best 
solution the algorithm has produced to this point. 

To keep the population from fluctuating too 
much, a maximum number of cuckoos, or 
algorithms, known as Nmax, has been established. 

If the cuckoo population surpasses this barrier, 
any birds found to be residing in areas where they 
are not welcome will be eradicated. 

Convergent optimization with the use of COA 
This method repeats itself until all cuckoo 
populations have the highest possible degree of 
egg likeness to their host birds and are situated 
such that they are close to the greatest number of 
food sources. This position will optimize 
revenues, or the function sought while lowering 
the number of eggs harmed. 

3.2 The proposed method 
The Cuckoo search algorithm has been updated to 
make local searches more effective in terms of 
their efficiency. In practice, the solutions in the 
COA move very quickly toward Xbest and a 
position equal to what they obtain with Xbest. In 
other words, they become trapped in the optimal 
local solution, and the COA loses its ability to 
optimize, as shown by equation (20) and the 
simulations performed in this article. In addition, 
the COA loses its optimization power. Because of 
this, it is necessary to improve the algorithm's 
capability to do local searches. Because of this, 
we have suggested the usage of a new operator in 
the fundamental movement equation of the 
cuckoo optimization strategy. This operator is 
written as –rand*(Xworst – Xi). Whenever members 
of the population move very quickly to the Xbest 
value and the value of (Xbest – Xi) tends to zero, 
the new operator –rand*(Xworst – Xi) tends to zero 
much more slowly due to the utilization of Xworst. 
This is the case regardless of whether the value of 
(Xbest – Xi) tends to zero. Therefore, members 
keep up their efforts to search and migrate around 
the country in the expectation that the outcomes 
of our simulation will illustrate the efficacy of the 
new search vector in the proper context. The F 
parameter of the modified COA (MCOA) is 
removed in favor of a random integer in this 
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𝑇(-(. ≤ 𝑇( ≤ 𝑇(-/0 (11) 
𝑄"(-(. ≤ 𝑄"( ≤ 𝑄"(-/0 (12) 

where 𝑇(-/0and 𝑇(-(.are the maximum and 
lowest taps of transformers for 𝑖 = 1, . . . , 𝑁𝑇 that 
may be used to change the tap of the ith 
transformer. The range of VAR of the 
compensating compensators for 𝑖 = 1, . . . , 𝑁𝐶 is 
denoted by 𝑄"(-(.and 𝑄"(-/0. 
Finally, the following are some of the limitations 
of network security: 

• The bus bar voltage constraints 
As stated in (13), the voltage of system bus bars 
must be selected between the upper 𝑉&(-(. and 
lower 𝑉&(-/0 limitations. 

𝑉&(-(. ≤ 𝑉&( ≤ 𝑉&(-/0; 𝑖 = 1, 2, … ,𝑁𝑃𝑄 (13) 
• Power in transmission lines 

The power in the network lines for 𝑖 =
1,2, . . . , 𝑁𝑇𝐿 should fulfill the relation (14): 

𝑆'( ≤ 𝑆'(-/0 (14) 
𝑆'( and 𝑆'(-/0 signify the apparent power through 
ith transmission line and its higher range. 
 
2.5 Control constraints 
In order to consider the violation of the 
constraints of a penalty function, it is considered 
as follows (Ghasemi, Ghavidel, Gitizadeh, et al., 
2015): 

 

(15) 

where xlim is a variable that is specified in the 
following equation as an auxiliary variable, where 

𝜆1, 𝜆2, 𝜆3, and 𝜆4 are the punishment factors 
(Ghasemi, Ghavidel, Gitizadeh, et al., 2015): 
 

 

(16) 

3 The Proposed Optimizer 
3.1 COA overview 
The key phases of the cuckoo bird optimization 
technique may be broken down (Rajabioun, 
2011): 

Stage 1:  We'll randomly specify where the 
cuckoos are staying. 

Stage 2: Distribute eggs among the cuckoos. 
Stage 3: Calculate how far apart each cuckoo 

nest is. 
Stage 4: The egg-laying by the cuckoo in the 

host bird's nest. 
Stage 5: If host birds find eggs, they will be 

destroyed. 
Stage 6: An incubator is used to grow eggs 

that have yet to be recognized. 
Stage 7: Evaluate the cuckoos' new home. 
Stage 8: After the maximum number of 

cuckoos for a specific area has been established, 
any cuckoos found in the wrong locations will be 
removed. 

Stage 9: Cuckoos are sorted into groups using 
the k-means algorithm. The optimal cuckoo cluster 
is selected as the destination. 

Stage 10: Transport the newly established 
cuckoo population to the designated area. 

Stage 11: Verify the stop condition; if it has 
not been set, go to Step 2. 
 
Production of cuckoo nesting areas (initial 
population solutions) 
The habitat in this approach is an array whose 
elements are the values of the problem variables. 
The following is an example definition of a 
habitat for a D-dimensional optimization 
problem: 

𝐻𝑎𝑏𝑖𝑡𝑎𝑡𝑜𝑟𝑋( = [𝑥#, 𝑥5, . . . , 𝑥)] (17) 

The degree of suitability (or amount of profit) in 
the current habitat is obtained by evaluating the 
profit function f in the habitat: 

𝑓(𝐻𝑎𝑏𝑖𝑡𝑎𝑡𝑜𝑟𝑋() = 𝑓([𝑥#, 𝑥5, . . . , 𝑥)]) (18) 

It is sufficient to increase the cost function by a 
negative sign to use COA when finding solutions 
to minimization situations. Each of these 
environments is given a certain number of eggs to 

lim 2 lim 2
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following expression is used to create a typical 
OPF problem (Ghasemi, Ghavidel, Gitizadeh, et 
al., 2015): 

𝑀𝑖𝑛𝐹(𝑢, 𝑥) (1) 
ℎ(𝑢, 𝑥) 	≤ 	0 (2) 
𝑔(𝑢, 𝑥) 	= 	0 (3) 

Within these associations, u and x represent, 
respectively, the independent and the control 
variables. 
In addition, the objective function consists of a 
collection of equality requirements and a set of 
inequality constraints that pertain to the issue. 

2.1 Control variables 
The following are examples of control variables 
that are involved in OPF issue relationships 
(Ghasemi, Ghavidel, Gitizadeh, et al., 2015):  

1. 𝑃!! , . . . , 𝑃!"# 	The active power generated in 
the PV bus, except for the slack bus 

2 .  𝑉!$ , . . . , 𝑉!"# Voltage range in PV buses 
3 .  𝑄"$ , . . . , 𝑄""%  Compensation of parallel 

reactive amperes 

4 .  𝑇#, . . . , 𝑇$% Adjustment of tap transformers 
According to the control variables, u is included: 

𝑢% = 5𝑄"$ , . . . , 𝑄""% , 𝑉!$ , . . . , 𝑉!"# , 𝑃!! , . . . , 𝑃!"# , 𝑇#, . . . , 𝑇$%6                                      (4) 

Where NG, NC and NT show the number of 
generators, reactive power compensators and tap-
changer transformers. 
 
2.2 State variables 
The set of state variables in OPF problem 
relationships include the following (Ghasemi, 
Ghavidel, Gitizadeh, et al., 2015): 

1. 𝑃!$ : Active production power in slack bass 
2.  𝑉&$ , . . . , 𝑉&"&' Voltage range in load buses 
3.  𝑄!$ , . . . , 𝑄!"#  Output reactive power of 

production units 
4. 𝑆'$ , . . . , 𝑆'"() Power loading in the lines 
So, x is included: 

𝑥% = 8𝑆'$ , . . . , 𝑆'"() , 𝑄!$ , . . . , 𝑄!"# , 𝑉&$ , . . . , 𝑉&"&' , 𝑃!$9 (5)   

where the numbers represent the bus bars, network lines, and total lines (NPQ, NTL, and NG). 
 
2.3 Equality constraints 
The problem's insistence on equality places 
restrictions on how we may approach it, as 
discussed in this section. The technical status of 
the power network, as defined by OPF relations, 
is described by the parity constraints, also known 
as physical constraints, in OPF. This may convey 
these restrictions through the majority of the 
following links (Ghasemi, Ghavidel, Gitizadeh, et 
al., 2015): 

𝑃!( − 𝑃)( − 𝑉(;𝑉*5𝐵(* sin 	 (𝛿( − 𝛿*)
$+

*,#
+ 𝐺(* cos 	 (𝛿( − 𝛿*)	6 	
= 	0 

(6) 

𝑄!( − 𝑄)( − 𝑉(;𝑉*5𝐺(* sin( 𝛿( − 𝛿*) 	
$+

*,#
−	𝐵(* 𝑐𝑜𝑠( 𝛿( − 𝛿*)6 	
= 	0 

(7) 

Let's break this issue down into its component 
components to make things clearer: 
"i" and "j" are bus number indices; "Vi" and "Vj" 
are voltage magnitudes; "PGi" and "QGi" are real 
and reactive power outputs from the generator; 
and "QDi" and "PDi" are real and reactive power 

demands from the load. Let's begin with "i" and 
"j" as these are the array indices. The following 
table details the susceptance Bij and conductance 
Gij of the branch connecting bus i and bus j, as 
well as the phase angle (𝛿( − 𝛿*) between the 
voltages of the buses and the total number of 
buses in the system. 
 
2.4 Inequality constraints 
The following are some technical limitations put 
on generators for i=1, 2, …, NG (Ghasemi, 
Ghavidel, Gitizadeh, et al., 2015): 

𝑉!(-(. ≤ 𝑉!( ≤ 𝑉!(-/0 (8) 

𝑃!(-(. ≤ 𝑃!( ≤ 𝑃!(-/0 (9) 

𝑄!(-(. ≤ 𝑄!( ≤ 𝑄!(-/0 (10) 

In this equation, 𝑉!(-(. and 𝑉!(-/0 represent the 
minimum and maximum magnitudes of voltage 
for the ith unit, 𝑃!(-(.and 𝑃!(-/0represent the 
minimum and maximum values of real power for 
the ith unit, and 𝑄!(-/0and 𝑄!(-(.represent the 
maximum and minimum allowable values of 
reactive generation for the ith generator. 
Furthermore, the following connections 
illuminate the technical limitations of 
transformers and parallel VAR compensators: 
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distance between the elite and their k-th closest 
neighbours. This keeps the population of the 
external archive accurate. Thirdly, the native 
search approach is included in the algorithmic 
program that makes up the strong Pareto organic 
process. The two-point estimation methodology 
(TPEM) (Saha et al., 2019), the social spider 
improvement algorithms (SSO) (Nguyen, 2019), 
and sine-cosine algorithm (SCA) (Attia et al., 
2018; Dasgupta et al., 2020). The cuckoo 
optimization algorithm (COA) (Rajabioun, 2011) 
is a powerful and frequently used evolutionary 
optimization technique. It was invented by Ramin 
Rajabion in 2011 and is named after its namesake. 
This idea, which was first inspired by the cuckoo's 
habit of laying eggs and subsequently evolved to 
encompass the practice of stealing eggs from 
one's neighbours, has found application in a 
variety of industries like increasing lagrangian 
relaxation unit commitment (Zeynal et al., 2014), 
optimum coordination of directed overcurrent 
relays in microgrids (Dehghanpour et al., 2016), 
and electrical power system forecasting (Xiao et 
al., 2017), extreme learning machine for 
categorization of medical data (Mohapatra et al., 
2015), etc. 
It has been shown, however, that when used in 
complicated nonlinear circumstances, the 
technique risks being trapped in a local solution 
and losing the ability to optimize the solution 
(Dalali & Kazemi Karegar, 2016). The literature 
review shows that an efficient version of the COA 
has yet to be proposed for optimizing the various 
kinds of OPF problems. Also, some other 
optimization algorithms reviewed require 
improvements in robustness, finding better 
solutions, avoiding local optimal solutions, and 
improving convergence properties. Thus, this 
paper employs a new migration operator to 
balance the exploration-exploitation process 
strategically and improve the quality of optimal 
solutions through COA. The analysis of eight 
cases with different objectives on the IEEE 30-
bus and IEEE 118-bus networks illustrated the 
cost-emission-effective scheduling of thermal 
power plants using renewable energies. 
Moreover, the simulation results demonstrate the 
MCOA's effectiveness and validity compared 
with other recently published algorithms for 
solving OPF problems. This study employs one of 
the effective strategies that has been applied in the 
past to maximize various load dispatch challenges 
in the two solar-and-wind-powered combined 
power systems. 
Here are the main contributions of this paper: 

1) Introducing a novel, efficient, and robust 
version of conventional cuckoo 
optimization algorithms, namely modified 
cuckoo optimization algorithms (MCOA), 
for optimizing optimal power flow (OPF) 
problems involving conventional thermal 
power plants and renewable energy 
sources, including solar photovoltaics and 
wind power distributed generation systems.  

2) To address the uncertainties of renewable 
generations, in this work, the Weibull 
probability density function models the 
wind distribution, whereas the lognormal 
probability density function models the 
solar irradiation. 

3)  As part of the OPF problem, fuel costs, 
emissions, power losses, and voltage 
deviations are considered. These functions 
are constrained by economic, technical, and 
safety factors. Aside from the production 
cost of thermal power units, this study also 
considered reserve, direct, and penalty 
costs. 

4) The amount of carbon tax is linked to the 
goal function to examine the potential 
effects of renewable energies on the 
optimal scheduling of thermal power plants 
in a cost-emission-effective manner. 

5) Comparing the proposed MCOA and other 
recently published algorithms on the IEEE 
30-bus and IEEE 118-bus networks to 
illustrate their effectiveness and validity. 

This research continues in the following four 
sections: section 2, in which we discuss the 
formulation of OPF issues; section 3, in which we 
explain the concepts and structure of COA; and 
sections 4 and 5, in which we offer the proposed 
MCOA algorithm to solve OPF in the IEEE 30-
bus and IEEE 118-bus networks, respectively. 
We will display and debate the simulation's 
results in the fourth part. In the concluding part, 
labelled "Conclusions," 6 will summarize the 
study's findings. 
 
2 . OPF Problem Formulation 
Solving the OPF problem involves determining 
and controlling a set of control variables to 
optimize the objectives in the operation of an 
electric network (while balancing all practical 
constraints). A primary goal is to minimize 
production costs while satisfying electrical 
demands. 
A multiobjective OPF with different constraints is 
presented in this study as an alternative to other 
algorithms studied in the recent literature. The 
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1. Introduction 
 
In today's engineering world, there is no standard 
and comprehensive way to address the 
problematic optimization issues of many sectors. 
Hence, hundreds of alternative strategies have 
been created recently, frequently proving their 
efficacy in handling specific optimization issues. 
One of the complicated challenges in engineering 
is optimal power flow (OPF), which is of 
significant significance in designing power 
systems (Ghasemi, Ghavidel, Gitizadeh, et al., 
2015). The basic topic of OPF has been garnering 
the attention of researchers in the area of electrical 
engineering for more than 50 years. The first 
simplified issue is the OPF problem for vast 
networks (Ghasemi, Ghavidel, Gitizadeh, et al., 
2015). In the past, researchers employed solution 
strategies based on mathematical methods such as 
nonlinear programming (NLP) (Alsac & Stott, 
1974) to address these difficulties. Heuristic 
solutions were employed to address the OPF issue 
in the following. The difficulty of the actual OPF 
issue (owing to its nonlinear, non-convex and 
non-derivative character) has motivated 
academics to develop novel optimization 
approaches to address the problem in recent 
years. 
Researchers have suggested the teaching-
learning-based improvement (TLBO) algorithmic 
program increased with Lévy mutation (LTLBO) 
(Ghasemi, Ghavidel, Gitizadeh, et al., 2015), a 
modified lepidopteron swarm algorithm (MMSA) 
(Elattar, 2019) to account for indirect, overstated, 
and underestimated expenses connected with 
renewable energy systems. This endeavour aims 
to reduce the financial strain placed on 
businesses. Multiobjective accommodative 
guided differential evolution (DE) (Duman et al., 
2021), a more effective method for multiobjective 
optimization of manta hunting (IMOMRFO) is 
presented in (Kahraman et al., 2022). 
Multiobjective mayfly algorithm (MOMA) 
(Kyomugisha et al., 2022), a particle swarm 
optimization (PSO) (Hazra & Sinha, 2011), Jaya 
algorithm (Warid et al., 2016), chaotic invasive 
weed optimization algorithms (CIWO) (Ghasemi, 
Ghavidel, Akbari, et al., 2014), and an algorithm 
for identifying new bacteria (MBFA) (Panda et 
al., 2017). At the level (Shi et al., 2011), a newly 
developed hybrid algorithmic program for the 
protection of OPF required the utilization of wind 
and heat generators. An new improved adaptive 
DE (Li et al., 2020), adaptive cluster search 

optimization (AGSO) (Daryani et al., 2016), ant 
lion algorithm (Maheshwari et al., 2021), the 
multiobjective First State algorithmic program 
(Elattar & ElSayed, 2019), the enhanced colliding 
bodies improvement (ICBO) (Bouchekara et al., 
2016), BAT search algorithmic program 
(Venkateswara Rao & Nagesh Kumar, 2015), and 
the salp swarm algorithmic program (SSA) 
(Kamel et al., 2021). Improved artificial bee 
colonies (IABCs) (Khorsandi et al., 2013), 
multiobjective dynamic OPFs (Ma et al., 2019), 
the Harris hawks improvement (HHO) technique 
(Islam et al., 2020), a hybrid of phasor PSO 
(PPSO), and attraction search (PPSO-GSA) 
(Ullah et al., 2019) are also examples of recent 
developments in this field. 
A novel hybrid firefly-bat algorithmic program 
with a constraints-priority object-fuzzy sorting 
approach has been developed and named gray 
wolf improvement (GWO) (Khan et al., 2020). 
This program is based on the firefly, and the bat 
(HFBA-COFS) (Chen et al., 2019), a hybrid PSO-
GWO (Riaz et al., 2021) algorithmic program is 
created by combining the particle swarm 
optimization (PSO) method with the gray wolf 
optimization (GWO) algorithm. An anticipated 
security value dynamic OPF (ESCDOPF) with a 
hybrid system that makes use of both star 
resources and flexible resources (Kumari & 
Vaisakh, 2022), a bird swarm algorithmic 
program (BSA) (Ahmad et al., 2021), a chaotic 
Pan troglodytes optimizer (CBO) (Hassan et al., 
n.d.). Tunicate swarm algorithm (TSA) (El-
Sehiemy, 2022), a modified flow of a water-based 
optimizer (TFWO) (Sarhan et al., 2022), and an 
improved hybrid PSO and GSA (PSOGSA) 
integrated with chaotic maps (CPSOGSA) for 
OPF with random alternative energy and FACTS 
devices (Duman, Li, et al., 2020). A new cross 
entropy-cuckoo search algorithm (CE-CSA) 
(Sarda et al., 2021), and a hybrid PSO and shuffle 
frog leap algorithmic program (SFLA) (Narimani 
et al., 2013). 
Program with an improved algorithm for 
maximizing Pareto efficiency outlined in (Yuan 
et al., 2017) is three significant enhancements that 
have been made to the preliminary version of the 
algorithmic software for the Pareto organic 
process. To get things started, the population size 
of the external archive is just the number of 
persons who have a subordinate position in the 
choice operator of the surrounding environment. 
Second, the population of the external archive is 
maintained up to date by using the geometer 
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Abstract: By considering a variety of objective functions, this paper has created an evolutionary method that is 
both effective and reliable for resolving the problem of multi-constraint optimal power flow (OPF). It  proposes a 
multiobjective OPF model that considers renewable energy sources in numerous scenarios. This model optimizes 
fuel costs, emissions, power losses, and voltage fluctuations. The modified Cuckoo optimization algorithm 
(MCOA) is also suggested for finding optimized and satisfactory load flow solutions. The model is tested against 
eight scenarios over IEEE 30-bus and IEEE 118-bus networks, considering multiple objective functions. Optimal 
results demonstrate the effectiveness of MCOA for multiobjective OPF with various constraints compared to other 
algorithms studied in recent literature. 
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where age (Ren, Rao, Xie, Li, Wang, Cui, et al., 
2020;  Sakr, Elshawi, Ahmed, Qureshi, Brawner, 
Keteyian, et al., 2018; Kanegae et al., 2018), 
diabetes (Kshirsagar, Chiu, Bomback, August, 
Viera, Colindres, et al., 2010;  Farran, Channanath, 
Behbehani, & Thanaraj, 2013;  Sakr et al., 2018), 
cholesterol level (Tayefi, Esmaeili, Karimian, 
Zadeh, Ebrahimi, Safarian, et al., 2017;  (Wu, 
Pang, & Kwong, 2014,& Wu, Kwong, & Pang, 
2015) and BMI (Kshirsagar et al., 2010; Ren et al., 
2020;  Akdag, Fenkci, Degirmencioglu, Rota, 
Sermez, & Camdeviren, 2006).  were identified as 
predictors of hypertension in various hypertension 
risk assessment models. 
According to the findings of this study, general 
health was found to be a predictor of hypertension 
for the first time. This study showed that subjects 
who reported poor general health had a higher 
likelihood of developing hypertension. This study 
aimed to use non-invasive data to develop machine  
learning (ML) models to predict hypertension, 
utilizing the effectiveness and cost-effectiveness of 
mobile phones and digital technologies, which 
have been demonstrated in previous studies (Islam 
& Maddison, 2021; Islam, Peiffer, Chow, 
Maddison,  Lechner, Holle, et al., 2020; Islam, 
Farmer, Bobrow, Maddison, Whittaker, Dale, et 
al., 2019; Islam & Tabassum, 2015; Krittanawong, 
Zhang, Wang, Aydar, & Kitai, 2017). 
The results of this study should be interpreted with 
caution, taking into consideration several 
limitations. Firstly, only a limited number of 
variables were included in the models, and data on 
other risk factors such as family history, race, 
alcohol consumption, waist-hip ratio, physical 
activity levels, dietary intake, and biochemical 
parameters were unavailable, which might have 
affected the measurement precision. Secondly, the 
risk factors may have changed since some of the 
study data was from the 2016 survey. Thirdly, ML 
models have a weakness in claiming causation. 
Finally, the models were not externally validated 
using other data sources, so their results should be 
interpreted with caution. 
Despite these limitations, the primary strength of 
this study is the use of large-scale nationally 
representative survey data using ML approaches to 
predict hypertension. 

The findings of this study indicate that machine 
learning models can effectively predict 
hypertension using simple information such as age 
and diabetes, which were found to be among the 
most significant risk factors in our study 
population (Ye, Fu, Hao, Zhang, Wang, Jin, et al., 
2018; Weng, Reps, Kai, Garibaldi, & Qureshi, 
2017). However, future research is necessary to 
incorporate additional risk factors and biomarkers 
related to hypertension. These models could be 
made accessible online or through mobile phone 
applications, allowing individuals to check their 
hypertension risk at home by answering basic 
questions such as age, BMI, and sex. A two-step 
approach can also be implemented in clinical 
practice, where the ML model first identifies 
individuals at risk of hypertension and then a 
physician confirms the diagnosis and provides 
appropriate treatment (Ye et al., 2018). 
 
Conclusion  
 
This study highlights the superiority of ML models 
compared to traditional statistical techniques when 
it comes to dealing with complex relationships 
between variables that cannot be fully 
comprehended using standard statistics. This has 
significant implications for hypertension 
prevention, as these ML models can be applied to 
population-level data for hypertension screening. 
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Figure 1: Mutual information scores of the selected variables. 

 
 
 
 
In this study, predictive models for hypertension 
were built using various machine learning models 
instead of conventional methods. This study 
reports that Gradient Boosting Classifier, 
XGBoost, Adaboost, and MLP performed best 
with a ROC-AUC of 0.81 and accuracy of 0.74 on 
the test dataset followed by logistic regression. 
Among these, Gradient Boosting Classifier and 
XGBoost had slightly higher recall, while MLP 
had the highest precision followed by Adaboost. 
Both precision and recall are important when 
predicting hypertension, as they provide different 
but complementary measures of accuracy. 
Precision measures how many of the predicted 
labels are correct, while recall measures how many 
of the actual labels are correctly identified. In other 
words, precision measures how many true 
positives were identified, while recall measures 
how many false negatives were identified. Both 
measures are important when predicting 
hypertension, as accuracy is key when diagnosing 
and treating the condition. Therefore, building an 

ensemble model using these four models may 
deliver better accuracy. 
Several studies have used mathematical techniques 
and machine learning models to predict risk in 
healthcare, including decision trees, statistical 
algorithms, and neural networks (Islam, Ahmed, 
Uddin, Siddiqui, Malekahmadi, Al Mamun, & 
Nahavandi, 2021). One study found that neural 
networks were the best predictor of hypertension, 
but its results were limited by missing data on 
obesity (Ture, Kurt, Kurum, & Ozdamar, 2005). 
Another study used decision trees, logistic 
regression, and Naive Bayes classifiers to predict 
hypertension using variables such as obesity, 
biomarkers, and spirometry indices, but was 
limited by a lack of data on other factors such as 
wealth index, education levels, smoking, alcohol 
use, and physical activity (Heo & Ryu, 2018). 
The selected features in this study, including age, 
diabetes, high cholesterol, and general health, were 
found to have the strongest relationship with 
hypertension. This aligns with previous research, 
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The KNN model has a slightly higher test ROC-
AUC and accuracy compared to the DT model, but 
still lower than the top models. 
Overall, the top four models, Gradient Boosting 
Classifier, XGBBoost, Adaboost and, MLP are the 

best performance models in this case, with almost 
similar performance in terms of test ROC-AUC, 
accuracy, F1 Score, precision, and recall. 
 

 

Table 2: Models metrics. 

Model Train ROC-
AUC 

Test ROC-
AUC 

Accurac
y 

F1 
Score 

Precisio
n 

Recal
l 

Gradient Boosting 
Classifier 

0.82 0.81 0.74 0.78 0.74 0.83 

XGBBoost 0.82 0.81 0.74 0.78 0.74 0.83 
Adaboost 0.81 0.81 0.74 0.78 0.75 0.81 
MLP 0.81 0.81 0.74 0.77 0.76 0.79 
Logistic Regression 0.80 0.80 0.73 0.77 0.74 0.81 
Random Forest 1.00 0.78 0.73 0.77 0.74 0.81 
XGBRFBoost 0.79 0.78 0.72 0.76 0.74 0.79 
KNN 0.87 0.74 0.70 0.74 0.72 0.76 
Decision Tree 1.00 0.64 0.64 0.67 0.69 0.66 
mean 0.85 0.77 0.72 0.76 0.73 0.79 
SD 0.08 0.05 0.03 0.03 0.02 0.05 
Ensemble 0.96 0.80 0.74 0.77 0.76 0.79 

To improve the accuracy of predictions in a model, 
it is important to identify the most important 
features. This can be done by analyzing the mutual 
information scores between various features and 
the dependent variable, hypertension, figure 1. A 
high mutual information score indicates a strong 
relationship between the feature and hypertension, 
while a low score indicates a weak relationship. 
Diabetes_binary and Age have a high mutual 
information score of 0.09 and 0.07, respectively, 
signifying a strong relationship with hypertension. 
GenHlth and HighChol have a moderate 
relationship with hypertension. BMI has a lower 
relationship with hypertension compared to 
HighChol. DiffWalk, HeartDiseaseorAttack, 
Income, PhysHlth, Education, CholCheck, Stroke, 
PhysActivity, Veggies, AnyHealthcare, Smoker, 

Fruits, MentHlth, Sex have low scores, indicating 
a very weak relationship with hypertension. 
NoDocbcCost and HvyAlcoholConsump have a 
score of 0, indicating no relationship. 
 
When deciding which features to include in a 
model, the mutual information scores should be 
taken into consideration. Typically, features with 
low scores are dropped as they do not provide 
significant information to the model. Thereore, 
droping BMI HighChol. DiffWalk, 
HeartDiseaseorAttack, Income, PhysHlth, 
Education, CholCheck, Stroke, PhysActivity, 
Veggies, AnyHealthcare, Smoker, Fruits, 
MentHlth, Sex will improve the perfomacne of the 
prediction models. 
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3. RESULTS AND DISCUSSION 
 
The data analyzed in this study involves the 
examination of health-related variables of 
individuals, with all variables being categorical, 
table 1. There are 22 features, including 
Diabetes_binary, which indicates whether an 
individual has diabetes, with 0 being no diabetes, 
and 1 diabetes. The most common value is 0, 
appearing in 50% of the data. HighBP represents 
whether an individual has high blood pressure, 
with the most common value being 1 (indicating 
high blood pressure) appearing in 56% of the data. 
HighChol indicates high cholesterol levels, with 
53% of individuals having high cholesterol. 
CholCheck represents whether an individual has 
had a cholesterol check in the past 5 years, with 
98% of individuals having had a check. Smoker 
indicates whether an individual has smoked at least 
100 cigarettes in their lifetime, with 52% of 
individuals reporting no. Stroke and Heart Disease 
or Attack represent if an individual has had a stroke 
or coronary heart disease, respectively, with 94% 
and 85% reporting no. PhysActivity and Fruits 
represent physical activity and daily fruit 
consumption, respectively, with 70% and 61% of 
individuals reporting positive. Veggies indicates 
daily vegetable consumption, with 79% of 
individuals reporting positive. 
HvyAlcoholConsump represents heavy alcohol 
consumption, with 96% of individuals reporting 
no. Other features include AnyHealthcare (95% 
have healthcare coverage), NoDocbcCost (91% 
have not been unable to see a doctor due to cost), 
GenHlth (33% rate their health as good), MentHlth 
(68% report no days of poor mental health), 
PhysHlth (56% report no days of physical illness), 
DiffWalk (75% have no difficulty walking) and 
Sex (54% female). The age distribution shows that 
the top group comprises 60-64 years old, 
accounting for 15% of the study population. The 
average BMI of the sample group is 29.86, 
signaling that the majority are classified as 
overweight. The distribution of the BMIs is well 
spread with a standard deviation of 7.11. 
To evaluate the performance of the models used to 
predict hypertension, a variety of metrics were 
employed, including ROC-AUC, accuracy, F1 
Score, precision, and recall. Table 2 shows the 

evaluation of all models used in this study. The 
given statistics in the table show the performance 
of the individual and ensemble models.  For the 
individual models, the mean values ± standard 
deviation of Train ROC-AUC, Test ROC-AUC, 
Accuracy, F1 Score, Precision, and Recall are 0.85 
± 0.08, 0.77 ± 0.05, 0.72 ± 0.03, 0.76 ± 0.03, 0.73 
± 0.02, and 0.79 ± 0.05, respectively. These results 
indicate that the models have a good average 
performance, with Train ROC-AUC having the 
highest mean and accuracy having the lowest 
mean, but with relatively small standard 
deviations. 
The Gradient Boosting Classifier, XGBBoost, 
Adaboost and MLP have the highest test ROC-
AUC with a value of 0.81, followed by logistic 
with a value of 0.80. The accuracy of all four 
models is also the same with a value of 0.74 
followed by logistic with a value of 0.73. The 
Gradient Boosting Classifier, XGBBoost, 
Adaboost have the highest F1 Score followed by 
MLP and logistic. Logistic have the highest 
precision followed by adaboost then both Gradient 
Boosting Classifier, XGBBoost. Gradient 
Boosting Classifier, XGBBoost have the highest 
recall followed by adaboost and logistic then MLP. 
XGBRFBoost model has slightly lower test ROC-
AUC, accuracy, F1 Score and precision values 
compared to the top five models, but, similar recall 
as MLP. 
The high difference between the Train ROC-AUC 
and Test ROC-AUC values for the RF and DT 
models suggests that these models are overfitting 
to the training data and not performing well on the 
test data. This means that these models are not 
generalizing well to new unseen data and therefore, 
they are not the best models for this task. This is a 
common issue with decision tree-based models, as 
they tend to memorize the training data and 
perform poorly on new unseen data. The Ensemble 
model which has high Train ROC-AUC value but 
it also has a large difference between the Train 
ROC-AUC and Test ROC-AUC values and low-
test accuracy, F1 Score, Precision, and Recall 
values, indicating that it also suffers from the same 
overfitting issue. The DT model has the lowest test 
ROC-AUC and accuracy, with a value of 0.64, and 
it also has the lowest F1 Score, precision, and recall 
values. 
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Table 1: Variables descriptions. 
 

Variable Definition 

Diabetes_binary 0 (No Diabetes), 1 (Diabetes) 

HighBP 0 (No High Blood Pressure), 1 (High Blood Pressure) 

HighChol 0 (No High Cholesterol), 1 (High Cholesterol) 

CholCheck 0 (No Check), 1 (Cholesterol Check Done) 

BMI 1: Underweight (BMI < 18.5 Kg/m2), 2: Normal weight (BMI 18.5-24.9 Kg/m2), 
3: Overweight (BMI 25 - 29.9 Kg/m2), 4: Obese (BMI ≥ 30 Kg/m2) 

Smoker 0 (No), 1 (Yes) 

Stroke 0 (No), 1 (Yes) 

HeartDiseaseorAttack 0 (No), 1 (Yes) 

PhysActivity 0 (No), 1 (Yes) 

Fruits 0 (No), 1 (Yes) 

Veggies 0 (No), 1 (Yes) 

HvyAlcoholConsump 0 (No), 1 (Yes) 

AnyHealthcare 0 (No), 1 (Yes) 

NoDocbcCost 0 (No), 1 (Yes) 

GenHlth Response to: you say that in general your health is: 1 (Excellent), 2 (Very Good), 
3 (Good), 4 (Fair), 5 (Poor)  

MentHlth 0 to 30 (number of days in the past 30 days that an individual reported poor 
mental health) 

PhysHlth 0 to 30 (number of days in the past 30 days that an individual reported physical 
illness or injury) 

DiffWalk 0 (No Difficulty), 1 (Serious Difficulty) 

Sex 0 (Female), 1 (Male) 

Age 13-level category (1: 18-24 y, 2: 25-29 y, 3: 30-34 y, 4: 35-39 y, 5: 40-44 y, 6: 
45-49 y, 7: 50-54 y, 8: 55-59 y, 9: 60-64 y, 10: 65-69 y, 11: 70-74 y, 12: 75-79 
y, 13: 80 y and above) 

Education 6-level category (1-Never attended school or only attended kindergarten,  2, 
Grades 1 through 8 (Elementary),   3- Grades 9 through 11 (Some high school),  
4- Grade 12 or GED (High school graduate),  5- College 1 year to 3 years (Some 
college or technical school),  6- College 4 years or more (College graduate) 

Income 1: <$10 K, 2: $10–$15 K, 3: $15–$20 K, 4: $20–$25 K, 5: $25–$35 K, 6: $35–
$50 K, 7: $50–$75 K, 8: >$75 K 
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1. INTRODUCTION 
 
Hypertension is a critical public health challenge 
that affects a diverse range of demographic groups 
globally and is the leading risk factor for 
preventable cardiovascular morbidity and 
mortality (Bromfield & Muntner, 2013). Despite 
efforts to improve hypertension detection, 
treatment, and control, there has been little focus 
on primary prevention (Meinert & Thomopoulos, 
2023).  
Identifying individuals at an elevated risk of 
developing hypertension and target them for early 
prevention and treatment, health and clinical 
research initiatives aim to screen and predict 
hypertension risk. A prediction model can screen 
for high-risk individuals by estimating their 
probability of developing hypertension within a 
certain time frame (Chowdhury & Turin, 2020). 
While machine learning algorithms have proven 
successful in various fields, most hypertension 
prediction models still rely on conventional 
regression-based models (Chen, Wang, Liu, Yuan, 
Zhang, Li, et al., 2016; Framingham & Study, 
2017; Kadomatsu, Tsukamoto, Sasakabe, Kawai,  
Naito, Kubo,  et al., 2019;  Kanegae, Oikawa, 
Suzuki, Okawara, & Kario, 2018;  Lim,  Son, Lee, 
Park, & Cho, 2013; Otsuka, Kachi, Takada, Kato, 
Kodani, Ibuki, et al., 2015; Paynter, Cook, Everett,  
Sesso,  Buring,  & Ridker, 2009; Pearson, LaCroix, 
Mead, & Liang, 1990; Wang, Liu, Sun, Yin, Li,  
Ren, et al., 2021; Zhang, 2015). 
Hence, the purpose of this research is to construct 
a straightforward and feasible hypertension risk 
prediction model and validate it internally trying 
different machine learning models either as 
standalone models or in an ensemble fashion. 
 
 
 
2. METHODS 
Data source 
 
This study conducted a cross-sectional analysis 
utilizing secondary data from the 2015 Behavioral 

Risk Factor Surveillance System (BRFSS) of the 
USA Centers for Disease Control and Prevention 
(CDC). The BRFSS is an open-access online 
database freely available to the public under the 
CC0 1.0 Universal (CC0 1.0) Public Domain 
Dedication license. The original data set consisted 
of 330 features and a total of 441,456 records.  
 
Data analysis 
 
The preprocessing of data for this study involved 
several steps including data cleaning, 
normalization, feature selection, and engineering. 
Data cleaning involved removing outliers and 
missing values, while data normalization scaled the 
data to a specific range. Feature selection involved 
selecting the most relevant features, and feature 
engineering combined existing features or created 
new ones. The final result was 70692 samples 
selected with 22 features, table 1. Out of the total 
records, 39,832 subjects were diagnosed with 
hypertension.  
Multiple supervised machine learning algorithms 
have been evaluated for their ability to predict 
hypertension by using models either alone or in a 
combined manner. The models used for this 
purpose include Gradient Boosting Classifier, 
XGBoost, Adaboost, MLP, Logistic Regression, 
Random Forest (RF), XGBRFBoost, KNN, and 
Decision Trees(DT). These models were 
constructed using Google Colab and the Python 
programming language, with the aid of libraries 
such as numpy, pandas, matplotlib, seaborn, and 
sklearn. The code imports a dataset, performs data 
analysis and preprocessing, and separates the data 
into X and Y variables for machine learning model 
training and testing. The code evaluates various 
machine learning models metrics like ROC-AUC, 
accuracy, F1 score, precision, and recall. 
Additionally, the code uses an ensemble approach 
to combine the predictions of several models for a 
final prediction and calculates the ROC-AUC 
score. The code also determines the Mutual 
Information scores for the dataset's features. 
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Abstract: Background: Most current hypertension prediction models rely on conventional regression-based 
models, but this research aims to validate a straightforward and feasible model using various machine learning 
models such as Gradient Boosting Classifier, eXtreme Gradient Boosted (XGBoost), Adaptive Boosting 
(Adaboost), Multi-layer perceptron (MLP), Logistic Regression, Random Forest, eXtreme Gradient Boosted 
Random Forest (XGBRFBoost), K-Nearest Neighbors (KNN), and Decision Trees. Method: This study used data 
from the USA Centers for Disease Control and Prevention to predict hypertension using multiple machine learning 
algorithms. The preprocessed data set consists of 22 features and 70692 samples. Each individual and ensemble 
models were evaluated using ROC-AUC, accuracy, F1 score, precision, and recall. Results: The results show that 
the top 4 models that have high performance in terms of ROC-AUC, accuracy, F1 Score, precision, and recall are 
Gradient Boosting Classifier (Train ROC-AUC = 0.82, Test ROC-AUC = 0.81, Accuracy = 0.74, F1 Score = 0.78, 
Precision = 0.74, Recall = 0.83), XGBBoost (Train ROC-AUC = 0.82, Test ROC-AUC = 0.81, Accuracy = 0.74, 
F1 Score = 0.78, Precision = 0.74, Recall = 0.83), Adaboost (Train ROC-AUC = 0.81, Test ROC-AUC = 0.81, 
Accuracy = 0.74, F1 Score = 0.78, Precision = 0.75, Recall = 0.81) , MLP (Train ROC-AUC = 0.81, Test ROC-
AUC = 0.81, Accuracy = 0.74, F1 Score = 0.77, Precision = 0.76, Recall = 0.79).  Conclusion: This study shows 
Machine learning models outperform traditional statistical methods for complex hypertension risk prediction, 
offering improved screening for prevention. 
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