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 This study investigated the feasibility of using greywater from a school or 

treated wastewater from the Rustamiya wastewater treatment plant for 

irrigating Moringa oleifera plants and its effects on growth and some soil 

properties, including electrical conductivity, soil pH, and heavy metal 

content in the soil and plants. The experiment consisted of four treatments 

using a randomized complete block design (RCBD). The first treatment 

served as the control, irrigating the plants with river water; the second with 

greywater; the third with wastewater; and the fourth with a mixture of 

greywater and wastewater. The experiment lasted for 180 days. The results 

indicated statistically significant differences in the length and diameter of 

Moringa oleifera plants when using wastewater mixed with greywater 

compared to the other irrigation treatments. Statistically significant 

differences were observed in the electrical conductivity of soil paste derived 

from soils irrigated with a mixture of wastewater and greywater. The 

findings indicated an elevation in the height and diameter of Moringa 

seedlings, alongside a rise in heavy metal concentrations in both the soil and 

the plants, subsequent to watering with wastewater or the incorporation of 

greywater. Nevertheless, the majority of micronutrients and minerals stayed 

below permissible thresholds and did not surpass dangerous levels for the 

soil and vegetation. 

College of Agriculture and Forestry, University of Mosul.   

This is an open access article under the CC BY 4.0 license (https://magrj.uomosul.edu.iq ).   

      

INTRODUCTION 

The majority of industrialized nations and a small number of Arab countries 

have agreed to use only potable water for human consumption. This includes reusing 

treated greywater for irrigation, as well as water from other sources such as car 

washing and toilets, which does not necessarily require high-quality water (Sherif et 

al., 2023). Domestic wastewater comprises two components. The first type, referred 

to as black water, originates from sewage and has a high concentration of organic 

matter, numerous biological contaminants, and additional nutrients such as nitrogen 

and phosphorus. Section two comprises greywater, which acquires a grey hue upon 

standing; this water is utilized for bathing, cleaning, and analogous functions (Pandey 

et al., 2020). About 60-75% of all household wastewater is greywater, making it a 

significant and intriguing resource for many uses beyond providing potable water to 

people and protecting the environment (Mohan et al., 2024). There are temporal and 

activity-dependent variations in the quality of the community's greywater (Pratama 
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et al., 2020). In addition to hair, fat, and other chemical components, greywater 

contains soaps, shampoos, shaving cream, and laundry detergents (Sangarpal, 2022). 

When left untreated, the high oxygen consumption and high percentage of suspended 

particles in household wash water pose a threat (Mohan et al., 2024). Phosphate, 

nitrogen, chlorine, salt, magnesium, calcium, and other organic substances are among 

the many nutrients found in greywater (Ahmad et al., 2022). While certain nutrients 

in greywater, such phosphate and nitrogen, promote plant growth, elevated levels of 

other minerals, such as sodium and boron, can adversely affect plants (Maimon et al., 

2023). 

Wastewater is defined as "water that has been used for something else, or a 

community or a business produces that and contains dissolved or suspended 

materials," with a concentration of 99.9 percent water and 0.1 percent suspended 

particles (Desta and Bote, 2021). A large body of research indicates that wastewater's 

chemical and biological composition determines whether or not it is suitable for use 

as an irrigation fluid, and that this water may include dangerous chemicals, bacteria, 

and viruses that offer direct or indirect threats to the environment (Pandey et al., 2020; 

Nishiyama et al., 2021). The produced salts in wastewater, originating from a 

drinking water source of generally high quality, are usually not present in such levels 

to render them unsuitable for agricultural use. 

The UN Food and Agriculture Organization (FAO) formulated salinity 

recommendations for water to assist farmers. Nonetheless, certain countries have 

employed irrigation water with dissolved salt concentrations over 2000 mg L-1(Radhi 

et al., 2025). To mitigate the adverse effects of salts on plant growth, effective 

management solutions, such as the amalgamation of wastewater with greywater, have 

been employed. Numerous studies indicate that wastewater exerts significant 

detrimental effects on rivers and soils, while it has minimal impact on the total 

ecosystem. The Moringa oleifera plant is substantial, has rapid growth, and is resilient 

to drought conditions (Mashamaite et al., 2024). Optimal growth conditions 

encompass elevated temperatures surpassing 48 °C, salt tolerance, and habitats in 

tropical, subtropical, and semi-arid desert regions. (Salsi et al., 2025; Khoza et al., 

2025 and Abdelwanis et al., 2024). 

Many people believe that planting it in poor soil can help alleviate drought, as 

it doesn't require rich soil or fresh water, and its roots absorb nitrogen from the air. 

Instead, you can use treated wastewater for irrigation (Salite and Poskitt, 2019). Prior 

studies indicate that treated wastewater can be employed for irrigation throughout 

multiple seasons (Abbood et al., 2013), and numerous schools have recycled 

greywater treated with rice husks for this application (Pandey et al., 2020; Abbas and 

Alwan, 2024). This study evaluated the possibility of two unusual water sources for 

irrigation without inflicting economic or environmental damage: greywater 

discharged from several schools in Baghdad and wastewater from the Rustamiya 

plant. It subsequently assessed the impact of each source on the growth of forest trees 

and the characteristics of different soil conditions. 
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MATERIALS AND METHODS 

The field part of the experiment was conducted at the facilities of the College 

of Agricultural Engineering Sciences, University of Baghdad, in the Al-Jadriya area, 

while the laboratory part was carried out at the Environment and Water Management 

Laboratories of the Ministry of Science and Technology. The treatments were 

performed on three-month-old Moringa oleifera seedlings of the same height, grown 

in 12-kilogram plastic containers filled with clay soil (Table 1).  The measurements 

for the physical and chemical properties listed in Table 1 were carried out as described 

in conductivity (Alzoubi et al., 2013). 
 

Table (1). Some physical and chemical properties of the soil in the study. 

Total Nitrogen (mg L-1) Organic matter  )%( Lime pH EC (dS m-1) 

0.053 10.6 271 7.48 3.17 

Soil particle analysis (g kg-1) Texture 

sand silt Clay 
clay loam 

325 340 335 
 

The experiment was structured as a straightforward investigation utilizing a 

fully randomized block design including four sectors. The irrigation factor comprised 

four treatments, including a comparative treatment utilizing river water, denoted as 

(C). The second treatment involved irrigation using wastewater from the Rustamiyah 

wastewater treatment facility, located south of Baghdad, denoted as (W). The third 

treatment was irrigation with greywater (Al-Jayyousi, 2003), sourced from a 

secondary school in Baghdad, denoted as (G). The fourth irrigation water treatment 

involved the amalgamation of wastewater and greywater in equal proportions, 

denoted as (WG). The irrigation process continued for six months, and the 

gravimetric method was used to determine the amount of water to be added when 

irrigating the seedlings after losing half of the added amount of water. Water samples 

(river water, wastewater, greywater, and evenly mixed water, including wastewater 

+ greywater) were passed through a membrane filter with a pore diameter of 0.45 µm, 

which ensured the passage of dissolved elements and main elements, and chemical 

heavy metals present in the different water samples. Quantitative analysis was 

performed according to what was stated in (Clesceri, 1998; Alzoubi et al., 2013; 

APHA, 2017; Oteng-Peprah et al., 2018; and Soromotin et al., 2022), and the analysis 

was recorded in Tables 2-5. Additionally, different water samples were collected for 

chemical analysis, in order to analyse the pH and electrical conductivity (Alzoubi et 

al., 2013). The concentrations and critical maximum permissible limits for each 

element in irrigation water and wastewater used for irrigation are established in 

Tables 3-5, according to the following sources. (Ayers and Westcot, 1994; Hashem 

and Qi, 2021, and Uslu et al., 2025). 

Measurements of heavy metals in leaves and soil samples were carried out 

according to the method of (Alzoubi et al., 2013), where the concentrations of heavy 

metals (Pb, Cd, Cu, Zn, Mn and Fe) were estimated. The solutions of the digested 

leaf samples were measured using an Atomic Absorption Spectrophotometer and the 

concentrations of heavy metals were extracted in the unit (mg L-1). The toxicity limits 

for heavy metals in plants were identified and recorded in Table 6, as stated in 

(Wijewardena and Gunaratne, 2004; Mark et al., 2005; Chauhan et al., 2008; CAC: 
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The Joint FAO/WHO, 2014; Farid et al., 2015; and Guangjie et al., 2024). Maximum 

permissible levels of heavy metals in soils as stated in (CAC: The Joint FAO/WHO, 

2014 and Chyad et al., 2022). 

The plant growth indicators, which include the diameter and length of the 

Moringa seedling stem, were measured after six months of treatment. Additionally, 

soil samples were collected for chemical analysis, in order to analyse the pH and 

electrical conductivity (Alzoubi et al., 2013) 
 

 

RESULTS AND DISCUSSION 

The results of comparing the three water samples are shown in Table 2, a clear 

difference in their chemical properties. Wastewater recorded the highest levels of 

salinity and total dissolved solids (EC = 2.16 dS·m⁻¹, TDS = 1392 mg·L⁻¹), reflecting 

its high pollutant load compared to greywater and river water, which showed 

remarkably similar and lower values for these indicators. Regarding pH, all samples 

fell within the slightly alkaline range, from 7.34 for wastewater (closest to neutral) to 

7.69 for river water (most alkaline). This suggests that greywater represents a 

promising and less polluted option compared to conventional wastewater due to its 

similarity to natural water (river water). 
 

Table (2). Some chemical properties of irrigation water treatment.   

Chemical properties Wastewater Greywater River water 

 Electrical Conductivity (EC) (dS m-1) 2.16 0.87 0.80 

Acidic (pH) 7.34 7.51 7.69 

TDS (mg L-1) 1392 547 522 
 

The analysis of dissolved elements showed in table 3 that wastewater had 

higher concentrations of all measured ions compared to the other samples. Sodium 

exceeded the critical limit (69 mg·L⁻¹) in both wastewater (285 mg·L⁻¹) and 

greywater (112 mg·L⁻¹), indicating a risk of soil salinization with uncontrolled 

irrigation. In contrast, greywater showed superior quality, closely resembling river 

water in calcium, magnesium, and sulfate levels, while chloride and nitrate levels 

remained within safe limits for all samples. 
 

Table (3). Content of chemical dissolved elements in irrigation water treatment.   

Dissolved element (mg L-1) 
irrigation water 

treatment 

Ca Mg Na K SO4 Cl HCO3 PO4 NO3 

Wastewater 248 112 285 9.5 246 278 110 0.46 9.5 

Greywater 87 47 112 3.0 89 115 37 0.45 1.2 

River water 51 40 60 1.5 87 106 60 0 1.7 

Critical 

maximum 

N. T. N. T. 69 N. T. N. T. 355 518 N. T. 133 

 

N.T.: Nontoxic. 

Analysis of macronutrients (N, P, K) presented in Table 4, revealed a 

significantly richer nutrient content in both wastewater and greywater compared to 

the river water, which was scarce in these elements. Nitrogen (N) concentrations 

exceeded the critical maximum (30 mg·L⁻¹) in wastewater, reaching 79 mg·L⁻¹, and 
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in greywater, they reached 39 mg·L⁻¹. This could potentially lead to excessive 

vegetative growth or nitrate leaching. Furthermore, greywater and wastewater 

showed remarkably similar levels of phosphorus and potassium (P = 3.00, K = 8.70 

mg·L⁻¹), with these elements remaining within non-toxic (N.T.) ranges. The study 

suggests that both sources represent valuable fertilizer reserves (Almashhadani and 

Al-Hadethi, 2025).  

Table (4). Content of chemical main elements of irrigation water treatment.   

Main elements (mg L-1) 
irrigation water treatment N P K 

Wastewater 79 3.70 11.00 

Greywater 39 3.00 8.70 

River water 0 0.27 0.45 

Critical maximum 30 N. T. N. T. 
 

N.T.: Nontoxic. 

Analysis of heavy metals showed in Table 5, revealed varying levels of 

toxicity across water sources. Wastewater and greywater exceeded the maximum 

critical limits for manganese (Mn), iron (Fe), lead (Pb), and cadmium (Cd). 

Wastewater showed significantly higher levels of contamination, particularly for iron 

(5.433 mg·L⁻¹), cadmium (0.214 mg L-1), and manganese (4.324 mg·L⁻¹). These 

sharp increases are attributed to industrial and domestic waste, including detergents. 

River water, however, remained within safe limits, except for a slight cadmium 

contamination level of 0.016 mg·L⁻¹. 
 

Table (5). Content of chemical heavy metals in irrigation water treatment.   

Heavy metals (mg L-1) 

irrigation water 

treatment 

Zn Mn Fe Pb Cd Cu 

Wastewater 1.326 4.324 5.433 0.105 0.214 1.265 

Greywater 0.446 0.381 0.521 0.076 0.085 0.069 

River water 0.050 0.002 0.043 0.010 0.016 0.048 

Critical 

maximum 

2.000 0.100 0.300 0.010 0.003 2.000 

 

Table 6 illustrates the substantial impact of the research treatments on Moringa 

plant growth metrics (seedling diameter and height) and heavy metal concentration 

in comparison to the control treatment utilizing river water irrigation. The 

simultaneous application of equal amounts of greywater and wastewater yielded the 

most substantial seedling diameter, measuring 60.91 mm, greatly surpassing all other 

treatments, including the river water control. Regarding seedling height, the 

wastewater treatment achieved the highest and most significant result at 1.66 m, 

followed by the combined treatment of irrigating with equal volumes of greywater 

and wastewater, resulting in a seedling height of 1.45 m. Both treatments significantly 

outperformed the river water and greywater treatments. The significant improvement 

in vegetative indicators (diameter and length) observed when applying the combined 

treatment of irrigating with equal volumes of greywater and wastewater, or the 

treatment of irrigating with wastewater, can be attributed to the positive role these 
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treatments play in enhancing the availability and uptake of essential micronutrients 

such as iron, manganese, and zinc. These treatments recorded the highest plant 

accumulations of these elements (Table 6). These elements are cofactors for 

respiration enzymes, photosynthesis, and chlorophyll synthesis, which positively 

impacted photosynthetic efficiency and increased cell division and elongation in 

Moringa seedlings. These results are consistent with previous research indicating that 

wastewater with high concentrations of nutrients (potassium, phosphorus, and 

nitrogen), as well as other elements (as confirmed in Tables 3-5), can improve plant 

growth when used as an irrigation source (Pescod and Arar, 2013 and Paśmionka et 

al., 2021). 

Regarding the concentration of heavy elements in Moringa leaves, it was 

observed that the two treatments irrigated with wastewater and irrigated with equal 

amounts of greywater and wastewater led to a significant increase in the accumulation 

of lead, cadmium, zinc, manganese and iron compared to the control treatment 

irrigated with river water, while no statistically significant differences appeared 

between the treatments in the concentration of copper. Although these elements 

reached high concentrations in plant tissues compared to plants irrigated with river 

water, only lead and cadmium exceeded the established phytotoxicity limits, as 

shown in Table 6 for each element. 
 

Table (6). Influence of treatments on plant growth indicators and the content of heavy 

metals in the Moringa plant. 

Treatment 
Diameter 

seedling (mm) 

Length 

seedling (m) 

Heavy metals (mg L-1) 

Pb Cd Cu Zn Mn Fe 

C 51.00 1.02 0.56 1.081 4.2 16 42 54 

G 49.46 0.98 0.61 1.085 3.8 19 39 60 

W 51.10 1.66 1.87 1.196 3.6 39 62 88 

G + W 60.91 1.45 1.86 1.187 3.5 32 54 80 

LSD 0.05 9.03 0.35 1.16 0.096 1.00 12.0 12.0 16.1 

Toxicity limits 0.20 0.40 10-20 500 300-500 15 
C: Comparative treatment and irrigated with river water. 

G: Treatment of greywater.  

W: Treatment of wastewater. 

G + W: Treatment of greywater mixed with wastewater. 
 

Notwithstanding the elevated contents of lead and cadmium, the Moringa trees 

demonstrated a tolerance to these levels. The amounts of iron, copper, manganese, 

and zinc observed in all treatments were significantly below the phytotoxicity 

thresholds. Despite elevated levels of cadmium and lead, no indications of toxicity 

were observed. This signifies that the elevated concentrations of these elements in 

Moringa leaves, due to various treatments, stayed within a safe and nutritious range 

for the plant, without reaching levels that would limit growth or induce cytotoxicity. 

This elucidates the significant enhancement in the morphological traits of the 

seedlings. This permits the utilization of wastewater, either in its untreated form or 

diluted with an equal volume of greywater. (AL-Hamza, 2017 and Mangale et al., 

2012). To preserve human health and prevent harmful effects of these elements on 

crops, particularly lead and cadmium, which is extremely toxic to plants and animals 

when exceeded acceptable levels, we must exercise caution when utilizing 
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wastewater for the irrigation of other crops that are eaten raw. Studies have shown 

that both are true (Pinto and Maheshwari, 2010).  

The results, presented in Table 7, the irrigation treatment with wastewater 

recorded the highest soil salinity value of 5.49 dS⋅m⁻¹, followed by the irrigation 

treatment with greywater and then irrigation with river water, while the mixture 

between wastewater and greywater equally achieved the lowest salinity value of 2.89 

dS⋅m⁻¹, which is a clear significant decrease compared to the rest of the treatments. 

However, the treatments did not appear to have a significant effect on the pH values, 

as they all fell in the light alkaline range and did not exceed the permissible limits. It 

is noted that mixing wastewater with greywater led to a positive synergistic effect 

that reduced the total degree of salinity compared to the separate use of each. This 

indicates the occurrence of precipitation or ion exchange reactions that led to a 

reduction in free dissolved ions responsible for electrical conductivity, which is an 

excellent indicator for improving the quality of the laboratory medium or treated soil. 

It is also noted that the concentration of lead and cadmium increased in the soil 

irrigated by treating the mixture between greywater and wastewater, reaching 6.19 

and 5.88 mg⋅L⁻¹, respectively. Although all values for lead remained safe and below 

the permissible limit, the concentration of cadmium exceeded the maximum 

permissible limit in practice, which poses a direct danger to soil pollution. The 

concentrations of copper and zinc also increased, reaching their peak in the treatment 

of the mixture between greywater and wastewater, reaching 13.99 and 22.79 mg⋅L⁻¹, 

respectively, and these values remained within completely safe and internationally 

permissible limits. While the two irrigation treatments using wastewater alone or 

mixing it with greywater recorded slightly exceeding the maximum permissible limit, 

as the values reached 26.31 and 27.86 mg⋅L⁻¹, respectively. The iron concentration 

in the irrigation treatment with a mixture of wastewater and greywater jumped to 53.7 

mg⋅L⁻¹, which is a huge significant increase compared to the irrigation treatment with 

river water, which recorded 18.10 mg⋅L⁻¹, but it is still below the maximum 

permissible limit. 
 

Table (4). Influence of treatments on some soil properties and its content of heavy 

metals. 

Treatment 
EC 

(dS m-1) 

Acidic 

(pH) 

Heavy metals (mg L-1) 

Pb Cd Cu Zn Mn Fe 

C 3.70 7.49 1.25 0.131 4.00 9.26 12.18 18.10 

G 3.86 7.52 1.31 1.260 3.35 10.11 13.25 17.23 

W 5.49 7.56 3.16 2.160 5.85 18.42 26.31 33.12 

G + W 2.89 7.53 6.19 5.880 13.99 22.79 27.86 53.7 

LSD 0.05 1.23 0.09 2.89 1.061 1.71 3.81 7.96 8.77 

Maximum permissible levels 0.20 0.40 10-20 500 300-500 15 
C: Comparative treatment and irrigated with river water. 

G: Treatment of greywater 

W: Treatment of wastewater 

G + W: Treatment of greywater mixed with wastewater. 
 

The most prominent and dangerous phenomenon in these data is the large 

accumulation of cadmium in the soil when irrigated with wastewater, whether alone 

or mixed with greywater. Cadmium exceeding the permissible barrier (5.88 versus 
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3.00) mg⋅L⁻¹ is most likely due to the wastewater containing high percentages of this 

element (Table 5), and when mixed with greywater, it led to an increased release of 

cadmium. Since cadmium is a highly toxic and highly mobile element, this 

percentage makes irrigation treatment with a mixture of wastewater and greywater 

unsafe for agricultural use related to human or animal feeding without prior treatment. 

As for the steady increase in the concentrations of iron, copper and zinc in irrigation 

treatment with wastewater mixed with greywater, it reflects the ability of this mixture 

to provide microelements that may be beneficial for plant growth, and the fact that it 

did not exceed the maximum limits, which means that the risk of its direct toxicity is 

currently low, but its continued application may lead to its accumulation in the long 

term, especially manganese. (Saleem and Bachmann, 2019; Kurniawan et al., 2020). 
 

 

CONCLUSIONS 

Developing fast-growing, evergreen perennial forest species with both 

environmental and aesthetic benefits using treated or untreated greywater is a 

pressing national need, given the current water scarcity and fragile climate in the 

country and region. The Moringa oleifera tree is a fast-growing species suitable for 

cultivation in arid and semi-arid regions, and its successful cultivation using 

greywater represents an important first step. This highlights the significance of 

experimenting with greywater cultivation as a component of food and medical 

security, within the framework of environmental education and the sustainability of 

educational institutions. Calcareous soils possess a robust regulatory system that 

limits the amount of nutrients plants can absorb from greywater or greywater-sewage 

mixtures (Marzougui et al., 2021; Florides et al., 2024); thus, green spaces can be 

maintained without compromising plant health. To irrigate Moringa oleifera plants 

and dispose of polluted water in an environmentally friendly and economical way, 

the study recommends the possibility of using greywater or water mixed in equal 

proportions with sewage water as primary unconventional sources and as optimal 

options for irrigating Moringa trees. 
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استخدام مياه الصرف الصحي المعالجة في الري وتأثيرها في بعض خصائص التربة ونمو نبات المورينجا  

Moringa oleifera 

 3 الهام عبدالملك حسون، 1 بلال مجيد كريم المشهداني، 2علي فاروق المعاضيدي ، 1افاق إبراهيم جمعة 

 1قسم مكافحة التصحر / كلية علوم الهندسية الزراعية / جامعة بغداد / بغداد / العراق 

 2قسم البستنة وهندسة الحدائق / كلية الزراعة والغابات / جامعة الموصل / الموصل / العراق 

 3دائرة البحوث الزراعية / وزارة العلوم والتكنولوجيا / العراق 

 

 

 الخلاصة 

تناولت هذه الدراسة إمكانية استخدام المياه الرمادية الخاصة بإحدى المدارس او مياه الصرف الصحي 

المعالجة من محطة الرستمية لري نباتات المورينجا أوليفيرا وتأثيراتها على النمو وبعض خصائص مركبات  

معادن الثقيلة في التربة والنباتات.  التربة، بما في ذلك التوصيل الكهربائي، ودرجة الحموضة التربة، ومحتوى ال

( وأربع قطاعات. كانت  RCBDتألفت التجربة من أربع معاملات باستخدام تصميم القطاعات الكاملة العشوائية ) 
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الرمادية،   بالمياه  النباتات  والثانية ري  النهر،  بمياه  النباتات  المقارنة وهي ري  معاملة  بمثابة  الأولى  المعاملة 

والثالثة ري النباتات بمياه الصرف الصحي، والرابعة ري النباتات بمزيج من المياه الرمادية ومياه الصرف  

إلى وجود فروق ذات دلالة إحصائية في طول وقطر   يومًا. أشارت النتائج  180الصحي. استمرت التجربة لمدة  

نمو نبات المورينجا أوليفيرا عند استخدام مياه الصرف الصحي والمخلوطة بالمياه الرمادية مقارنة بمعاملات 

الري الاخرى. كانت هناك فروق ذات دلالة إحصائية في قيمة التوصيل الكهربائي لعجينة التربة المستخرجة  

مياه الصرف الصحي والمخلوطة بالمياه الرمادية. كما أظهرت النتائج أيضًا زيادة ارتفاع وقطر  الترب المروية ب

شتلات المورينجا فضلاً عن زيادة تركيز العناصر الثقيلة سواء في التربة أو النبات بمعاملة الري بمياه الصرف  

العناصر اغلب  ذلك، ظلت  مع  الرمادية.  المياه  مع  الخلط  معاملة  او  والمعادن ضمن    الصحي  الدقيقة  الغذائية 

 .الحدود المسموح بها، ولم تتجاوز الحدود السامة للتربة والنبات

 . الخواص الكيميائية، المياه الرمادية، المعادن الثقيلة العناصر الرئيسية، العناصر الدقيقة  لكلمات المفتاحية:ا
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