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Agriculture often faces the challenge of water scarcity, which pushes to the use of alternative water 
such as processed wastewater, and this practice gains attention for its potential to reduce water 
shortages while maintaining agricultural productivity, however, the use of processed wastewater 
has effects on soil properties and its content of macronutrients and crop health, so our study 
revealed the effect of processed wastewater on the soil content of micro and macro nutrients and 
their subsequent effects on the aubergine plant and its growth, as the study was designed according 
to completely randomized blocks. Considering the treated wastewater used in the irrigation of 
four treatments (0, 30%, 60%, 90%) and three replications and two stages in the presence of sterile 
organic fertilizer (animal waste) for the soil by 333 g / kg and the second (0) and the absence of 
organic matter (control treatment). The results of the study showed a significant increase in the 
elements of the soil extract and for all treatments compared to the control treatment and the level 
of addition was 30% significant effect in the concentration of nitrates as it reached 13.7 mg./kg , 
but the irrigation levels didn’t influence calcium and phosphorus levels, while the level of 90% with 
organic material showed a significant increase in manganese, magnesium, ferric and zinc and in 
brome, nickel and copper without adding the organic substance. In addition, the irrigation level 
has affected eggplant leaves and roots; so, The effect of the level of 60% of processed water with 
organic matter in a significant increase of phosphorus, nitrate and magnesium concentrations in 
the roots of the plant as it reached 1.600, 2.937, 0.3370 mg / kg respectively and increased nitrates 
and calcium in the leaves compared to the control treatment. Level 90% irrigation has contributed 
to the significant increase of brome, zinc, copper, ferric and nickel in plant roots and stems. This 
increase, either in soil extract or plant parts, was within the authorized normal limits and didn’t 
reach the critical or toxic limits that caused plant and soil contamination with these elements that 
would, in turn, affect humans and animals.

1. Introduction

Agriculture in arid and semi-arid areas, including Iraq, 
depends mainly on the use of running or groundwater to 
irrigate crops for food production, but Iraqi agriculture 
is facing a major challenge in the face of the shortage 
of water resources with the impact of Turkish projects 
established and the deterioration in water quality and 

reducing the water share allocated to agricultural land, 
which affects the development of agriculture and thus 
affects the future of national food security (Al-Raw, 
2000).

The development witnessed by most countries of the world 
and the increase in population and the high standard of 
living led together to a significant rise in the demand for 
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water and created an imbalance between the available 
quantities of water and the actual demand for it, which 
led to the trend towards the search for non-conventional 
resources to cover the growing needs and exploit the 
largest possible amount of them in various ways (Ben 
Mahmoud, 2009).

Therefore, efforts have focused on finding alternative 
water resources like wastewater and reusing it for 
irrigation because when it’s used without processing, 
it results in the deterioration of irrigation water quality 
and soil contamination, which may cause damage to 
human and animal health (FAO, 1992).

The treated draining waters are considered a permanent 
source of irrigation water for agricultural purposes; so, 
it could be used to solve the problem of the required 
and available water with other benefits, not only to 
meet the crop’s water requirements but to support 
the soil microorganisms for the organic substances it 
carries (Becerra-Castro et al., 2015; García-Orenes et 
al., 2015), especially the plant nutrients like phosphorus 
that support crop productivity and other features 
(Abdoulkader et al., 2015), and it is also considered a 
good source of organic substances that enhance the soil’s 
physical and chemical characteristics. It also increases 
water fertility and plant productivity (Caravaca et al., 
2002). Heavy elements that are within the contents of 
wastewater are a source of concern due to their impact 
on the properties of soil, plants, groundwater and the 
environment in general, especially when mixed with 
industrial wastewater, it is necessary to estimate the 
concentrations of micronutrients in wastewater and 
rely on this mainly in determining the suitability 
of their use for agricultural purposes as they gather 
near the rhizosphere of crops with the possibility of 
contamination of parts of edible crops (Al-Hadithy 
et al., 2011).

But despite these benefits, their use in agriculture 
involves many risks to human, animal and plant health 
by containing many toxic heavy elements, some of which 
are in large concentration and sufficient to affect human 
health (Wu et al., 2007). Hence, this water cannot be 
used directly in irrigating the farthest crops by making 
some of the necessary processing and adjustments to 
mitigate its effects, which are based on documented 
and confirmed scientific and research foundations and 
results to ensure the protection of the environment and 
public health. Accordingly, the Food and Agriculture 
Organization (FAO) and the World Health Organization 
(WHO), as well as local organizations from different 

countries, have issued standards and controls for the 
use of this water in agriculture (FAO, 1989), turning 
it into a safer and less polluting economic resource.

2. Objectives and Importance of Research

The importance of research lies in the use of wastewater 
as an alternative to traditional irrigation water in 
irrigating crops and has a positive impact on the 
economic resources of farmers because this water 
contains important mineral elements for plants, which 
leads to reducing the use of chemical fertilizers in 
addition to that it is considered a safe way to discharge it, 
which limits its negative effects on the environment and 
on this basis our study aimed at the possibility of using 
processed wastewater as an alternative to traditional 
irrigation water in Iraq and by determining the level of 
diluted processed water negatively or positively affecting 
the soil content of micro and macro nutrients toxic to 
the plant in the presence or absence of organic matter 
and the accumulation of those nutrients in the parts 
of the aubergine plant

3. Materials and Procedures

3.1 Samples Collect Locations

This research was carried out in the greenhouse located 
in the Upper Euphrates Basin Developing Centre 
research station / University of Anbar during the period 
from 15/2 to 30/4, 2023, which is 20 minutes away 
from the sewage processing plant of Ramadi Teaching 
Hospital for Women and Children, which is within the 
hospital site. located in the south-west side of Ramadi 
City, which functions in drainage capacity 350m3/
hour/day. The process operation includes ventilation, 
physical processing with filters and then exposure to 
ultraviolet beams and after that, these waters are thrown 
directly into the river. 

Processed wastewater samples were taken from the 
processing plant by 30 litres every 10 days, as the 
samples were collected in 10-liter plastic containers 
washed and sterilized, and the samples were collected 
after washing them with sample water 3 times and 
transferred to the laboratory and kept at a temperature 
of 4 ° C, To perform physical, chemical and biological 
analyses of water, according to the methods mentioned 
in APHA (2003), Bartram & Ballance (1996), APHA 
(1985), APHA (1998) and Gopal (2007).

Table 1: Features of Treated Waters in the Processing 
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Illustrates some of the physical, chemical and biological 
properties of the treated water used in the study.

To study the effect of using processed wastewater 
resulting from the processing plant and diluted with 
neutral irrigation water on the aubergine plant and 
its content of nutrients during the spring period, four 
irrigation treatments were used as mixtures with 
wastewater and the treatments were as follows:

0% processed wastewater (tap) i.e. 100% ordinary 
irrigation water control treatment.
30% processed wastewater (30% processed wastewater 
mixed with 70% tap water).
60% processed wastewater (60% processed wastewater 
mixed with 40% tap water).
90% processed wastewater (90% processed wastewater 
mixed with 10% tap water).

3.2 Soil Preparation

The soil used in the experiment was brought from 
agricultural land in the city of Ramadi from the surface layer 
(0-30) cm, air dried and passed through a 2 mm diameter 
sieve and analysed to know its physical and chemical 
properties before planting (Black et al., 1965; Lindsay & 
Norvell, 1978), and Table 2 shows the used soil traits.

Table 2: Traits of Soil Used in the Experiment.
Sand 50.80% Available Nitrogen 1.06%
silt 44.00% Available potassium 200 ppm
clay 5.20% Available phosphorus 0.033 ppm

Texture Loamy sand Sulfate 456 ppm
pH 7.8

E.C ds m-1 1.3

The soil was packed in plastic pots with a diameter of 30 cm 
and a height of 30 cm with a capacity of 10 kg, an experiment 
was carried out using the design of completely randomized 
blocks design RCBD and three replications, and four levels 
of processed wastewater: 0, 30%, 60%, and 90%. In two 
stages, the three levels of processed wastewater were added 
alone without fertilization, and the second level was added 
to it one level of fertilization (organic-sterile animal waste) 
by 333 g / 10 kg of soil, thus the total treatment became 
eight treatments and in the following order:

0% Wastewater Treatment, (Control Treatment).
30% Processed Wastewater.
60% Processed Wastewater.
90% Processed Wastewater.
0% Wastewater Treatment, (Control Treatment).
30% processed wastewater + F (organic matter).
60% processed wastewater + F (organic matter).
90% processed wastewater + F (organic matter).

3.3 Effect of Treated Water on Soil and Plant 
Properties

Pots were filled with 10 kg of soil after mixing some 
of them according to the plan with manure by 333 g 
/ 10 kg soil according to the treatments. Five seeds of 
the aubergine plant planted and then reduced after 
ten days. The process of irrigation began with diluted 
processed water while maintaining soil moisture 70-
80% of the field capacity and after 60 days the plants 
were carefully displaced to maintain the root system 
and the vegetative total was separated from the root 
system and then dried at a temperature of 60o centigrade 
for 48 hours. Soil samples were taken for all treatments 
after air drying and the necessary chemical analyses 
were carried out for the soil and plant:

1-	 NO3and Heavy elements (Ni ، Cu ، Fe، Br ، Zn): estimated 
according to method (Jackson, 1958) and measured in 
mg/g soil; and heavy elements were determined in leaves 
and roots according with methods (APHA, 1975) and 
the result was expressed as mg/kg dry weight.

2-	 Soil total phosphorus was determined according to 
Olsen & Sommers (1982) and results were estimated in 
ppm, while the plant phosphorus PO4 was measured 
according to Page, Miller, & Keeney (1982).

3-	 Each Mg and Ca and CaCO3 were determined according 
to Richard (1954) and results were written in mg.

4-	 plant NO3 was measured using Multi parameter 
Photometer Hi83200 machine after the sample was 
taken according to instructions used to measure.

3.4 Statistical Analysis

The results were analysed statistically according to the 
applied design and the averages of the treatments and their 

Station of Ramadi Hospital for Maternity and Paediatrics.
E.C ms/cm T.D.S mg/l BOD5 mg/l COD mg/l SO4 mg/l Ni Mg/l K mg/l Zn mg/l T.B.C Cfu/ml

303 1.58 350 251 500 0.340 2000 1.30 6.0×10-6

NO2 mg/l NO3 mg/l CaCo3 mg/l Chloride mg/l PO4 mg/l Cu mg/l Br mg/l Fe mg/l Mn mg/l
21 11.3 45.5 2.91 22.4 1.95 2.05 1.40 0.8

Mg mg/l Ca mg/l
0.6 10.5
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interactions were compared using the Duncan multi-range 
test with a probability level of 0.05, and according to this 
test, the averages followed by similar alphabetical letters 
do not differ from each other significantly and followed by 
different letters, they differ from each other significantly 
using the Statistical Analysis System (SAS) 2001 program.

4. Results and Discussion

4.1 The Effect of Treated Water on the Soil Content 
of Elements

Table 3 refers to some minimum mean values of some 
micro and toxic elements in soil extract in different 
irrigation treatments of tertiary treated waters and the 
level of organic matter addition (cow wastes).

It is clear that significant differences have happened at 0.05% 
significant difference compared with control treatment 
irrigated with normal water (faucet water). So, there was a 
gradual significant increase in the mean values of NO3 at 
30% to reach 13.7 mg/kg in comparison to other treatments 
and control unit, whereas in the mean values of phosphorus 
and calcium, there’s no significant differences among the 
treatments in the presence or absence of organic substance 
irrigated in different irrigation treatments; so. Calcium 
concentrations were higher than magnesium and manganese 
in the irrigated soil extract with different levels of dilution 
for treated water, while there were significant differences in 
Mn element; so, the highest mean value has reached 0.367 
mg/kg at 90% dilution with the presence of organic matter. 
While or magnesium Mg element, significant differences 
have been noticed among treatments; so, the treatment 

90% had the highest mean value,, either with or without 
organic matter addition to reach 0.2767mg/kg, followed by 
level 90% with mean value 0.2567 mg/kg, while for calcium 
carbonate, CaCO3, treatments has affected its mean values 
to lower its value to reach 20.50 – 4.67 mg.kg, compared 
with the control unit (control treatment) which was 58.5 mg/
kg. the treated waters have effected in lowering soil calcium 
carbonate with the increased level of treated waters the more 
the treated waters concentration was, with the presence of 
organic matter, compared to control unit. The Gadhia et 
al. (2014) has suggested that the treated drainage water is 
more suitable for plant growth and important to preserve 
water resources as it contains more nutrients than faucet. So, 
the wastewater effect the concentrations of macronutrients 
like N, P and K and micronutrients like Mn,Fe,Zn and Cu 
extracted from soil, so, adding 100% and 50% of phosphate 
factory wastewater has given high significant increase in 
the concentrations of soil extracted elements (Al-Hadithi, 
Al-Rubaie, & Hassoun, 2012). The effects of drainage water 
the contain different contents according to sources; house, 
factory, trade or agriculture depending on treatment level: 
primary, secondary or tertiary in soil features or its content 
of elements. So, using drainage water of food industries 
has led to decrease the dissolved calcium concentration, 
increasing magnesium concentration and also the mean 
concentration value of sodium and manganese with high 
level in soil irrigated with these waters; there was, also, 
a little increase in the concentrations of nitrogen and 
phosphorus (Al-Mansouri, Al-Wadaei, & Othman, 2016); 
but Harmoush (2013) has suggested that drainage water 
would add elements to soil that precipitate by time, including 
calcium and magnesium elements.

Table 3: States the Element Distribution Ratio (mg/kg) in Soil Cultured with Eggplants After Irrigation with 
House Wastewater.
Elements Treatments NO3 T.P. Mn Mg Ca CaCO3

30% 13.17 a 0.633 a 0.300 a 0.0867 d 2.83 a 9.82 cd
60% 1.70 bc 0.633 a 0.167 a 0.1633 c 4.88 a 20.50 b
90% 3.40 b 0.867 a 0.133 b 0.2567 a 3.00 a 11.00 c
F+30 3.30 b 0.700 a 0.133 b 0.2267 ab 1.83 a 9.17 cd
F+60 3.30 b 0.733 a 0.200 a 0.1967 bc 1.17 a 4.67 d
F+90 5.97 b 0.700 a 0.367 a 0.2767 a 3.33 a 4.83 d

Control 0.37 c 0.500 a 0.133 b 0.1467 c 2.83 a 58.5 a

4.2 Mean Values Followed with the Same Letter 
in Columns Have no Significant Difference at 
0.05 Significant Level

Drainage water has a number of elements and minerals 
which some could be useful for plant to cause increasing 
its productivity and some could be harmful to plant 
and soil beside animal and human depending on water 

type, soil characteristics, climate circumstances and 
followed agriculture operations (Elamin & Saeed, 2019). 
The research results in Table 4 referred to irrigation 
treatment effects with diluted drainage water on soil 
extract content of plant toxic elements after 60 days and 
treatments had effects via significant increase in average 
values, compared with the control unit, irrigated with 
faucet water. So, the 90% irrigation treatment with or 
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without organic matter addition has recorded increase in 
average concentrations of Br,Ni,Cu,Zn ,Fe compared with 
the control unit; so, differences for nickel Ni, brome Br 
and copper Cu have reached 0.0900 mg/kg, followed by 
90% irrigation treatment f+60% which was 0.0467 mg/kg 
compared with soil irrigated in faucet water that reached 
0.0006 also ferric Fe which quantity has recorded in soil 
treated 90% with organic water 4.037 mg/kg, followed 
by level 90% of treated water which element quantity 
in soil has reached 2.497 mg/kg compared with soil 
irrigated with faucet water. Regarding zinc, quantity has 
reached 0.2670 mg/kg when irrigating soil with treated 
water, diluted 90% with organic substance added to soil, 
while the diluted level 90% of treated drainage water has 
recorded quantity 0.1300 mg/kg compared to control 
unit soil. The quantity of zinc has reached 0.0377 mg/kg 
and these elements concentrations in soil irrigated with 
tertiary treatment water and diluted below the borders 

of toxicity in agricultural soils; so, Badda et al. (2022) 
suggested to insignificant increase in boron quantities in 
soils irrigated with treated grey water to reach 0.34 mg/kg 
that is below the limit of toxicity, studied in agricultural 
soils as the authorized limits (3-5) mg/kg as Adriano 
(1986) suggested and Ahmed & El-Hedek (2017) also 
showed in their study to increase in zinc, ferric, copper 
and manganese availability in high percentages in soil 
superficial layer, irrigated with drainage water for 50 
years because ferric doesn’t cause high toxicity in neutral 
soils; so, it made 105% increase in soils irrigated with 
wastewater for (50) years and the addition of untreated 
wastewater has led to high significant increase in 
concentrations of elements (Fe,Mn,Zn,Cu,Cd,Pb) in soil 
extract (Al-Abadi, 2018) and the critical or toxic limits  
of each element copper, zinc and nickel in soil were (5, 
30, 100) mg/kg, successively (Al-Hadithi, 1987).

Table 4: Shows the Average Rate of Toxic Elements (mg/kg) in Soil Cultured with Eggplants After Irrigation 
with the Treated Wastewater.

Elements Treatments Br Ni Fe Cu Zn
30% 0.0433 b 0.0433 b 1.970 bc 0.0433 b 0.0400 c
60% 0.0367 b 0.0367 b 1.197 d 0.0367 b 0.0533 c
90% 0.0900 a 0.0900 a 2.497 b 0.0900 a 0.1300 b
F+30 0.0400 b 0.0400 b 1.097 d 0.0400 b 0.0367 c
F+60 0.0467 b 0.0467 b 1.873 c 0.0467 b 0.0533 c
F+90 0.0433 b 0.0433 b 4.037a 0.0433 b 0.2670 a

Control 0.0006 c 0.0006 c 1.200 d 0.0006 c 0.0337 c

Mean values followed with the same letter in columns 
have no significant difference at 0.05 significant level

4.3 The Effect of Treated Water on the Element 
Content of Eggplant Plants

Also, Table 5, and Table 6 refer to the average eggplant 
content of micro and toxic elements and analytical 
overall variation ANOVA at significance level 0.05%.

The average values shown in Table 5 refer to irrigation 
treatments results effect on some microelements concentration 
on eggplant roots and leaves in 60 days, where there’s 
gradual significant increase in the treated drainage water 
concentration in the irrigation water  from the treatment 
(30%) to the sixth treatment (90% with organic matter), 
compared to control treatment irrigated with faucet water. 
It could be attributed to the increased elements in drainage 
water treated and used in irrigation as shown in Table 1 where 
the phosphorus concentrations have significantly increased 
in roots and plant leaves at 60% dilution of wastewater in 
the presence of organic matter to reach 1.600 mg/kg. Its 

concentration was, significantly, the highest in eggplants 
roots and leaves when irrigated with NO3 treated water at 
60% with organic matter to reach 2.937 in roots and 0.3000 
mg/kg in leaves. The table results refer that manganese, 
magnesium and calcium had average concentrations in 
roots and leaves of plants irrigated with different levels of 
drainage water were the highest if compared with control 
unit, irrigated with faucet water. Calcium has recorded 
2.420 mg/kg in leaves and 1.7833 in roots when 90% water 
diluted. Thus, the plant microelements content didn’t reach 
the level of toxicity for plants during the growth period in 
all the irrigation treatments, to confirm that plants have a 
limited and particular mechanism to translocate and store the 
micronutrients, and these mechanisms themselves cooperate 
in absorption, translocation and storing the toxic elements 
(Egiarte et al., 2005).

It is similar to what scholar (Alderfasi, 2009) obtained that 
the treated drainage water has enhance wheat crop quality 
as a protein and nutrients content, and the heavy minerals 
were within the range and weren’t harmful to plant and 
also animal and human.
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Mean values followed with the same letter in columns 
have no significant difference at 0.05 significant level

While Table 6 has referred to significant differences in 
statistical analysis results for average eggplant root and 
leave content of toxic elements and the gradual increase 
by increasing the drainage water used in irrigation, either 
with or without the organic matter; so, the 90% irrigation 
treatment was the most effective in increasing the toxic 
element concentration in roots and leaves.

So, the ferric and nickel values were successively 2.5700 
and 2.2270 mg/kg in eggplant leaves, compared with 
the control treatment irrigated with pure water to vary 
between 0.0000 and 0.9030 mg/kg per leaf, while for zinc, 
its average concentration in root was higher than in leaf 
to reach 0.0800 in comparison with control treatment 
that reached 0.0005 mg/kg; while for brome, element 
concentration was 0 in control treatment and in eggplant 
root in irrigation treatment 90% was higher than in leaf to 
reach 0.233 mg/kg compared to leaf that reached 0.0800 
mg/kg. the heavy element is a concerning issue in fact that 
must be observed to block more risks on environment 
and health as the accumulation of heavy elements and 
micronutrients might be caused directly by the treated 
drainage water or indirectly by resolving the soil insoluble 
heavy minerals as a result of removing a heavy mineral or 

acidizing to drainage water applied by Mohammad Rusan, 
Hinnawi, & Rousan (2007), so, Ahmed (2012) noticed the 
increased content of copper and copper supported by corn 
plant  and soil to reach (0.0399 and 0.2330) mg/g plant and 
mg/kg soil, successively for being irrigated with diluted 
industrial wastewater 1:1 and 1:3 whereas irrigation with 
treated and untreated wastewater has led to increase nickel 
values (0.594 – 0.191) mg/kg soil dry weight and zinc to 4.58 
mg/kg soil dry weight for Purslane plant (Saleh, 2012). It 
is suggested that the toxic limits for each zinc, copper and 
nickel in crops was (15, 19 and 200) mg/kg successively (FAO, 
1992) and this is what Gadhia et al. (2014) confirmed that 
the treated wastewater hasn’t shown negative effect in the 
chemical structure of vegetables but it made improvement 
in xylem, phloem tissues and cellular material production 
at irrigation with drainage water and higher precipitation 
of cellulose and pectin in the planted supporting branch. 
When we compared the mean values of root and leaf 
content for minor elements shown in Table 5 and the toxic 
element shown in Table 6 with elements concentration 
that leads to plant toxicity as Adriano (1986) mentioned, 
it is realized that the plant content of these element hasn’t 
reached the level that makes it toxic for all the irrigation 
treatments. Thus, we can say that eggplant irrigated with 
treated drainage water is safe in the side of harmful heavy 
elements concentration for human and animals to meet 
the terms of Environment Protection Agency.

Table 5: Shows the Average Value of Elements Concentrations (mg/kg) in Eggplant Roots and Leaves After 
Irrigation With Treated Wastewater.

Elements 
Treatments

P NO3 Mn Mg Ca
Roots Leaves Roots Leaves Roots Leaves Roots Leaves Roots Leaves

30% 1.133 cd 0.7800 c 0.1333 c 0.0100 c 0.1000 e 0.0233 d 0.0200 b 0.0367 e 1.4570 b 0.293 b
60% 1.067 de 1.3667 a 1.1000 c 0.0100 c 0.2333 c 0.1667 c 0.2100 a 0.0133 e 1.3167 b 1.500 a
90% 0.900 e 1.3330 ab 0.9567 b 0.0133 c 0.3667 a 0.2667 ab 0.1200 a 0.1733 c 1.7833 a 2.420 a
F+30 1.300 b 1.2067 b 0.9333 b 0.0100 c 0.1667 d 0.3000 a 0.2030 a 0.5770 a 1.1433 c 1.130 a
F+60 1.600 a 0.8733 c 2.9370 a 0.3000 a 0.1667 d 0.0233 d 0.3370 a 0.2767 b 1.3467 b 1.527 a
F+90 1.233 bc 1.3330 b 2.7770 b 0.2667 b 0.2667 b 0.0200 d 0.2933 a 0.2367 b 1.4633 b 2.203 a

Control 0.033 f 0.3000 d 0.0133 d 0.0066 d 0.0100 e 0.2000bc 0.0133 b 0.1100 d 0.8670 d 0.353 b

Table 6: States the Average Element Concentrations (mg/kg) in Eggplant Roots and Leaves After Irrigation with 
the Treated Wastewater.

Element Br Zn Cu Fe Ni
Treatment Roots Leaves Roots Leaves Roots Leaves Roots Leaves Roots Leaves

30% 0.0267 b 0.03333 b 0.0320 c 0.0300 c 0.0333 b 0.0233 b 1.460 bc 0.2833 c 0.2953 c 0.4310 d
60% 0.0200 b 0.02333 c 0.0433 c 0.0400 c 0.0367 b 0.0265 b 1.317 c 0.1733 c 0.7000 b 0.4377 d
90% 0.2333 a 0.08000 a 0.1200 b 0.1000 b 0.0800 a 0.0700 a 1.807 a 2.5700 a 1.2330 a 2.2270 a
F+30 0.0300 b 0.01333 d 0.0323 c 0.0327 c 0.0300 b 0.0220 b 1.107 d 0.1400 d 0.9130 b 0.7187 c
F+60 0.0233 b 0.01333 d 0.0423 c 0.0433 c 0.0367 b 0.0327 b 1.367 c 0.0567 cd 1.2670 a 1.0050 b
F+90 0.2100 a 0.02667bc 0.2250 a 0.2100 a 0.0333 b 0.0310 b 1.360 c 1.1500 b 1.2200 a 0.9713 b

Control 0.0000 c 0.0000 c 0.0320 c 0.0290 c 0.0005 c 0.0004 c 1.533 b 0.9030 b 0.00003 d 0.0337 e

Mean values followed with the same letter in columns have no significant difference at 0.05 significant level
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5. Discussions and Recommendations

Through our study we conclude the following:

Processed wastewater from Ramadi Hospital can be 
used for agricultural irrigation purposes after diluting 
it in medium-texture soils with monitoring salts in the 
soil and the concentration of micronutrients after the 
end of each season.

It is preferable to mix the processed water in the hospital 
processing plant with the neutral water by 30% to reduce 
the dissolved salts.

Organic fertilizers contribute to fertilizing the soil before 
using this water for irrigation in small quantities to give 
better productivity. The irrigation with partially processed 
wastewater is one of the ways to dispose of water safely and 
reduce the harmful effects when discharged randomly, so we 
recommend taking advantage of this water as a rich source 
of nutrients important to the plant, not to reduce the use of 
chemical fertilizers and reduce fresh water consumption.

1-	 Conducting intensive and serious scientific 
experiments and research in Iraq regarding the 
use of treated wastewater in agriculture and the use 
of this water with other types of crops, vegetables, 
fruit trees and others and on other types of soils.

2-	 Extensive study on the accumulation of heavy 
elements in plants and soil as a result of the use of 
this water in irrigation.

3-	 The processed wastewater is an alternative source 
of traditional water in Iraq, which can be used in 
the irrigation of vegetable and non-vegetable plant 
crops according to the determinants of health and 
environmental protection organizations and the Food 
and Agriculture Organization of the United Nations 
and the national determinants of the use of processed 
water in agricultural irrigation and preferably dilute the 
processed water in proportions according to the type 
of plant and mix it with river tap water to reduce salts 
and some elements and thus benefit from this water 
without causing environmental and health damage.
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