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Summary 

I  

Summary 

Constructed wetlands can be an effective solution to the release of 

untreated wastewater which contain a variety of pollutants. This 

unexpensive, easy to operate technique was used in university of Basrah 

where constructed wetland research station was rehabilitated for the 

removal of heavy metals from the campus wastewater. This study aim was 

to analyze the station’s ability to heavy metals removal from wastewater in 

both separated and hybrid operation.  

The station consisted of three storage tanks for clean and wastewater 

feeding two parallel lines each line with three basins. The first line 

consisted of vertical subsurface flow (VSSF) and horizontal subsurface 

flow (HSSF) both planted with Phragmites australis and free surface flow 

(FSF) planted with Lemna spp. The second line with similar design except 

VSSF and HSSF planted with Typha domingensis. The basins dimensions 

were 300cm*120cm*100cm for length, width, and height respectively. The 

substrate contained three standardized layers of gravel (5mm, 15, 35-

55mm) from top to bottom to height of (20cm, 30cm, 10cm) respectively. 

 During separated operation, samples were collected from raw and after 

24, 48, 72 hours from the initial filling of the systems. Meanwhile, during 

hybrid operation, samples were collected from the end of the line.  

The measured parameters for the raw and treated water samples were 

temperature, pH, electrical conductivity (EC), total suspended solids (TSS), 

total hardness, turbidity, and heavy metals such as Al, Cd, Cu, Ni, Mn, Zn 

in water and substrate samples. The results from used system were efficient 

in removal of the pollutants in which it ranged during the experiment 

period and systems as follow; turbidity (94.9% - 99.3%), TSS (81.3% - 

95.2%). Dissolved metals removal was as follow; Al (35.2% - 98.7%), Cd 

(99.1%-99.6%), Cu (94.3% - 99.7%), Mn (42.7% - 97%), Ni (94.9% -. 
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98.7%), Zn (28.8% - 79%). Meanwhile, the insoluble metals increased 

after 72 hours of operation. Hybrid operation was efficient in removal of 

TSS (41.6%, 44.1%), turbidity (60.5%, 79.7%), dissolved metals such as; 

Al (47.6%, 48.4%), Cd (18.9%, 45.6%), Mn (66%, 72.28%), Zn (32.5%, 

25.9%) in hybrid line one and two respectively. Variance in heavy metals 

concentrations was observed in sediment samples. Fourier transmission 

infrared spectroscopy was used to analyze plants samples from root and 

leaves which showed an interaction between heavy metals and functional 

groups in plants tissue. Scanning electron microscopy mapping showed the 

distribution of heavy metals in the plant samples. HPI and Igeo was used to 

evaluate the pollution in heavy metals in water and sediment respectively. 

HPI ranged between (1.7 – 7.8) which indicate unpolluted water compared 

to wastewater which had HPI value of (407.7). Igeo showed that systems 

substrate was extremely polluted with Al. Cd ranged between unpolluted to 

strongly polluted, and unpolluted to moderately polluted with Ni. 

Meanwhile, unpolluted with Cu, Mn, and Zn 
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 الخلاصة

يٛاِ‌انصشف‌انصحٙ‌ٔانرٙ‌ذحرٕ٘‌ػهٗ‌يجًٕػح‌‌نًؼانجح‌حلاً‌فؼالاً‌‌شٛذجانشطثح‌انً‌ذؼذ‌الاساظٙ

‌يٍ‌خلال‌ح‌ٔسٓهح‌انرشغٛم‌فٙ‌جايؼح‌انثصشجْزِ‌انرمُٛح‌غٛش‌انًكهف‌اسرؼًهديرُٕػح‌يٍ‌انًهٕثاخ.‌

‌ذأْٛم ‌‌إػادج ‌انشطثح ‌نلأساظٙ ‌أتحاز ‌اننغشض‌‌يحطح ‌انصشف‌‌ؼُاصشإصانح ‌يٛاِ ‌يٍ انثمٛهح

‌ ‌انًحطح‌فٙ‌اصانح‌انصحٙ‌فٙ‌انحشو‌انجايؼٙ. يٍ‌‌انثمٛهح‌ؼُاصشانْذفد‌انشسانح‌انٗ‌ذمٛٛى‌كفاءج

‌انًٛاِ‌انؼاديح‌تُٕػٍٛ‌يٍ‌طشق‌انرشغٛم‌انًُفصم‌ٔانٓجٍٛ.

إر‌ذضٔد‌ْزِ‌انخضاَاخ‌‌نرخضٍٚ‌انًٛاِ‌انُظٛفح‌ٔانصشف‌انصحٙ‌خضاَاخ‌ذركٌٕ‌انًحطح‌يٍ‌ثلاز

‌احٕاض ‌ٚركٌٕ‌انخط‌الأٔل‌يٍ‌خطٍٛ‌يرٕاصٍٚٛ‌كم‌خط‌تثلاثح ‌انؼًٕد٘‌‌. ‌انجشٚاٌ‌ ذحد‌َظاو

تُثاخ‌انمصة‌‌‌كلاًْا‌يضسٔع (HSSF) َٔظاو‌انجشٚاٌ‌الأفمٙ‌ذحد‌انسطحٙ (VSSF) انسطحٙ

Phragmites australis ‌ٔانجشٚاٌ‌انس‌  Lemna ُثاخانًضسٔع‌تـ‌ (FSF) طحٙ‌انحشَظاو

spp. ‌‌َٙانخط‌انثا‌ ‌أيا .‌‌ ‌يشاتّفمذ‌صًى ‌صسػد‌‌تاسرثُاء‌نهخط‌الأل‌ترصًٛى َٕع‌انُثاخ‌فمذ

‌033كاَد‌أتؼاد‌الأحٕاض‌‌ Typha domingensis تُثاخ‌انثشد٘‌ VSSF ٔ HSSF احٕاض

‌*‌ ‌‌023سى *‌ ‌ٔان‌033سى ‌نهطٕل ‌احسى ‌انرٕانٙ. ‌ػهٗ‌ٖ‌كم‌حٕض‌رٕؼشض‌ٔالاسذفاع‌ػهٗ

،‌سى03يى‌تإسذفاع‌‌05،‌سى‌23تإسذفاع‌‌يى‌5ثلاز‌طثماخ‌لٛاسٛح‌يٍ‌انحصٗ‌)‌سكٛضج‌يكَٕح‌يٍ

 .(‌يٍ‌أػهٗ‌إنٗ‌أسفم‌ػهٗ‌انرٕانٙسى‌‌03تإسذفاع‌‌يى‌05-55

‌ساػح‌يٍ‌انًمء‌22‌ٔ‌24‌ٔ‌22فرشاخ‌ٔتؼذ‌‌انًُفصم‌رشغٛمأثُاء‌انانخاو‌‌ٛاِانؼُٛاخ‌يٍ‌انً‌جًُؼد

 .كم‌خطذى‌جًغ‌انؼُٛاخ‌يٍ‌َٓاٚح‌فمذ‌‌انرشغٛم‌انٓجٍٛ‌أيا‌اثُاءالأٔنٙ‌نلأَظًح.‌

‌انًرغٛشاخ‌لٛسد ‌‌تؼط ‌انًٛاِ ‌نؼُٛاخ ‌ٔانًؼانجح ‌انحشاسج‌ٔشًهدانخاو ‌ٔنهًاء‌دسجح الأط‌،

‌ٔانرٕصٛه( (pHانٓٛذسٔجُٛٙ ‌انؼانمح (EC) حانكٓشتائٛ‌ٛح، ‌انصهثح ‌ٔانًٕاد ،‌‌(TSS) انكهٛح‌،

‌ٔانؼك‌ؼسشجٔان ‌ٕانكهٛح، ،‌ ‌لٛاط‌ٔسج ‌ Alانثمٛهح‌انًؼادٌذى ،Cd‌ ،Cu ‌ ،Ni ‌ ،Mn ‌ ،Zn ‌‌‌ٙف

‌.انشكٛضجٔػُٛاخ‌ػُٛاخ‌انًاء‌

انرٙ‌ذشأحد‌خلال‌فرشج‌‌يٍ‌انًٛاِ‌ٔ‌فؼانح‌فٙ‌إصانح‌انًهٕثاخ‌ؼًمكاَد‌انُرائج‌يٍ‌انُظاو‌انًسر‌

‌انرانٙان ‌انُحٕ ‌ػهٗ ‌ٔالأَظًح ‌%‌99.0-‌%92.9)‌ؼكٕسجان‌:رجشتح ،‌ ‌انزائثح‌( ‌انصهثح انًٕاد

(40.0%‌-‌95.2%‌ ‌ان‌إيا(. ‌‌انًزاتح‌ؼُاصشإصانح ‌انرانٙكاَد ‌انُحٕ  - Al ‌(%35.2(:ػهٗ

%98.7 (%99.1 - %99.6)Cd‌، Cu‌(%94.3 - %99.7)‌،Mn‌(%42.7 -% 97)‌،Ni‌
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(%94.9 - %98.7‌،)Zn‌(%28.8 - %79)‌،ّتؼذ‌‌انزائثحغٛش‌‌ُاصشؼانصادخ‌‌ٔفٙ‌انٕلد‌َفس

 ،‌‌%20.4فؼالاً‌فٙ‌إصانح‌انًٕاد‌انصهثح‌انزائثح‌)‌كاٌ‌انرشغٛم‌انٓجٍَٛظاو‌‌ساػح‌يٍ‌انرشغٛم.‌22

‌ان(22.0% ‌ان(%29.2،‌‌%43.5)‌ؼكٕسج، ‌‌انزائثح‌ؼُاصش، ‌% Al‌Cd (47.6%,‌48.4)يثم:

%(%18.9, %45.6)‌‌،Mn‌(44%‌‌،22.24%‌،‌)Zn‌(02.5%‌،‌‌25.9%‌ٍٛفٙ‌انخط‌انٓج‌)‌

.‌شسٕتٛاخػُٛاخ‌ان‌انثمٛهح‌فٙ‌ؼُاصشذشاكٛض‌ان‌ذثاٍٚ‌فٙ‌اظٓشخ‌انُرائجانرٕانٙ.‌الأٔل‌ٔانثاَٙ‌ػهٗ‌

‌اسر ‌‌يطٛاف‌ؼًالذى ‌انجزٔس‌‌نلأشؼح‌الايرصاص ‌يٍ ‌انُثاذاخ ‌ػُٛاخ ‌نرحهٛم ‌انحًشاء ذحد

‌تٍٛ‌‌الأٔساقٔ ‌أظٓش‌‌انفؼانح‌ٔانًجايٛغ‌انثمٛهح‌ُاصشؼانٔانرٙ‌أظٓشخ‌ذفاػلًا ‌انُثاذاخ. فٙ‌أَسجح

تؼط‌ادنح‌انرهٕز‌‌ؼًالانثمٛهح‌فٙ‌ػُٛاخ‌انُثاخ.‌ذى‌اسر‌ُاصشؼانذٕصٚغ‌‌انذلٛك‌الإنكرشَٔٙ‌انًجٓش

‌ HPI ٔ Igeo )‌انثمٛهح‌ؼُاصشتان )‌ ‌فٙ ‌انرهٕز ‌نرمٛٛى ‌ٔانػُٛاخ ‌انرٕانٙ.‌‌شسٕتٛاخانًاء ػهٗ

انصشف‌انصحٙ‌(‌يًا‌ٚذل‌ػهٗ‌ػذو‌ذهٕز‌انًٛاِ‌يماسَح‌تًٛا‌2.4‌ِ-‌0.2تٍٛ‌) HPI ذشأحد‌لًٛح

 تالانًُٕٛوالأَظًح‌كاَد‌يهٕثح‌نهغاٚح‌‌سكٛضجأIgeo‌‌ٌ تٍٛ‌فٙ‌حٍٛ‌ HPI (407.7) انرٙ‌تهغد‌لًٛح

Al ‌ٗانكاديٕٛو‌انرهٕز‌تـ‌شذٚذتًُٛا‌غٛش‌يهٕز‌إن Cdغٛش‌يهٕز‌انٗ‌يؼرذل‌انرهٕز‌تانُٛكم‌‌.Ni‌.

‌.‌Znٔانضَك‌Mnٔانًُغُٛض‌‌Cuغٛش‌يهٕثح‌تانُحاط‌انشكٛضج‌دكاَفٙ‌حٍٛ‌
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