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Abstract:  The study included the analysis and measurement of some physical and chem-
ical pollutants in the agricultural wastewater with the aim of treating it and reusing it in
the agricultural field. The study dealt with the application of the phytoremediation system
to treat the agricultural wastewater. The purpose of the study was to use the Ceratophyllum
demersum L. and Lemna minor L. plants to treat the agricultural wastewater and the pos-
sibility of using them for irrigation or other uses. The duration of the study is in September,
October and November of 2023 AD. Some pollutants were analyzed and measured, such
as turbidity, dissolved oxygen (DO), electrical conductivity (EC), total hardness (TH), so-
dium (Na), and phosphate (PO4). The results of the study showed a clear difference in the
physical and chemical factors of water quality, as the two treatment T3 and T4 were given
the best results compared to the rest of the treatments in the percentage of removal through
treatment with C. demersum and L.minor plants.
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1. Introduction

The use of agricultural wastewater for the purposes of irrigating agricultural crops is
one of the issues proposed to solve the water scarcity crisis that agricultural lands in Iraq
suffer from, as the problem of water scarcity due to lack of rain and climate change, espe-
cially in recent times, has led to finding solutions and available alternatives to address the
water shortage in particular. Used in the field of irrigation. The water of rivers and streams
in Irag has standard acceptable specifications when used for irrigation purposes. There-
fore, research studies focused on determining the specifications of groundwater and agri-
cultural wastewater due to their variation from one region to another, and the difference
in their degree of suitability for irrigation purposes [1]. Agricultural wastewater is consid-
ered one of the types of sources resulting from human activity. It is a complex environment
that changes depending on natural and human activities resulting from domestic, indus-
trial, craftsmanship, and agricultural use (fertilizers and pesticides) and its discharge into
the aquatic environment [2]. Traditional treatments for polluted water require pumping
and treatment operations, as well as the establishment of many units to remove various
pollutants. These treatments are expensive and uneconomical and require installation,
maintenance, and manpower. As a result, researchers searched for environmentally
friendly alternatives that are low in cost and effort and have little harm to the environment
[3]. Recent research has shown that aquatic plants have the potential to remove organic
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and inorganic pollutants. Whereas Phytoremediation technology is a branch of bioreme-
diation in which plants are used to treat polluted water, as these plants have the ability to
accumulate a specific or wide range of pollutants and reduce or eliminate them [4].

The C. demersum, is a member of the cotyledon and dicotyledon seed plant
family. It is a member of the Ceratophyllaceae family. It is a submersible, floating aquatic
plant. It does not have roots at the bottom of the water stream. It is also considered a dark
green perennial plant. The leaves are densely clustered at the end of the plant’s branches
to give with an appearance resembling a cat's tail, the C.demersum grows in shallow,
muddy places and quiet flat surfaces. and is an important element in supplying Aquatic
environment with oxygen, in addition to being an effective filter in removing many pollu-
tants such as heavy metals and others, the C.demersum plant reproduces by cutting or
division and seed [5].

Regarding the L.minor, it is a member of the Arecidae class, a subclass of the
Lemnaceae family, it is regarded as one of the tiniest aquatic plants that float freely and
don't attach themselves to the ground. They do not have true roots or leaves, and their
body consists of leaflets. A green plate whose dimensions do not exceed several millime-
ters, and its upper surface differs from its lower surface, from which stems stem in the
form of unbranched hairs. This plant adapts to different environments [6].

2. Materials and Methods

2.1 Collection of samples: September of 2023 saw the collection of samples in the city of Dujail
for the Al-Ishaqgi River's water as well as the agricultural wastewater. samples of the L. minor and
C. demersum plant were both obtained by hand. (the same place where the samples were collected).
Randomly Because of the lack of bias towards a specific region over another, as well as to cover
the study area more broadly, taking into account that the plants are close in age. The plants were
washed with distilled water several times to get rid of the materials stuck in it. The samples were
placed in plastic tubs prepared for this purpose. Insect eggs and unwanted organisms such as snails
were treated with a snail (Anentome helena), which is capable of killing these organisms for a
period of about two weeks [7], and after that, in order to cultivate them in ponds, they were moved
to the treatment system. Regarding Aluminum sulfate Al2(S04)3 that was acquired at the neigh-
borhood market.

2.2 Description of the treatment system: The treatment system for the L.minor and the C.
demersum plant included basins made of wood and lined with polyethylene bags to prevent water
leakage, rectangular in shape, with a length of 80 cm, a width of 40 cm, and a height of 40 cm. The
bottom of the tanks was covered with two layers of supportive medium, the first layer. It was gravel,
7 cm high, and the second layer was agricultural sand (zamij), 7 cm high. These supporting media
(gravel, agricultural sand) are good media for the growth of aquatic plants [8]. After that, both the
L.minor and the C.demersum plant were planted at a rate of 1000 grams of fresh weight for each
tank, and 100 liters of agricultural wastewater were added to the treatment basins, and physical and
chemical tests were conducted for them. The experiment lasted (15) weeks, and the shortage of
agricultural wastewater was compensated for with distilled water [9].

2.3 Experiment design: (5) treatments were adopted, as in Table (1) below, with three (replicates)

readings for each of the agricultural wastewater with the C.demersum plant, the agricultural
wastewater with the L.minor plant, and the agricultural wastewater with aluminum sulfate.

Table 1: Overview of Treatment Methods Applied to Agricultural Wastewater
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No. Sample treatment

1
TO Ishagi River water
(control) by conduct-
ing chemical, physical
tests
2 T1 Puncturing water be-

fore treatment by con-
ducting chemical,
physical tests
3 T2 Treatment with alumi-
num sulfate Al12(SO4)3
of agricultural
wastewater (T1) using
a test jar to choose the
optimal concentration
of aluminum sulfate.
4 T3 C. demersum treatment
of agricultural
wastewater (T1).
5 T4 Treatment with L. mi-
nor for agricultural
wastewater (T1).

2.4 Measuring the physical and chemical properties of agricultural wastewater:

2.4.1 Turbidity (NTU): The turbidity of the water was measured using a turbidity meter (HANNA)
LP2000 made by Portugal, which measures turbidity in NTU according to the method [10]. The
sample was shaken well until the sample was mixed. After that, the cell designated for measurement
was filled to the marked mark. Care was taken to not leave finger marks by wiping the cell with a
piece of cloth

2.4.2 Dissolved Oxygen (DO): Dissolved oxygen was measured according to the method described
in [11] using a device (Oxygen meter EZ D.O) made by Taiwan, device is calibrated for each read-
ing by calibrating it with the amount of oxygen in the atmospheric air. The device’s reading is
20.9%, which is the amount of oxygen in the atmospheric air, and then The reading is converted to
mg/L and the dissolved oxygen in the water is measured.

2.4.3 Electrical Conductivity (EC): The electrical conductivity of the samples was measured us-
ing a Digital Conductivity device, model WTW, manufactured by the German company HANNA.
The device was zeroed each time using distilled water, and the results were expressed in units of
ps/cm, according to the method [12].

2.4.4 Total Hardness (TH): It was conducted according to the method [13] in estimating total
hardness by using the EDTA method, where 50 ml of sample water was taken and 0.5 ml of buffer
solution (NHsCL + NH3OH) was added to it, then some drops of indicator (Eriochrome black T)
were added to it, so that it turned color. The violet is then washed with a solution of Na;EDTA at
a concentration of (0.05 N) until the color turns blue, and the total amount of hardness is calculated
according to the following equation (1):

CaCO03 equivalent weight x 1000 x standard x volume of EDTA used in deburring

TH =

M

Sample volume
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2.4.5 Sodium lon (Na*): The sodium ion of the filtered sample was measured using a flame pho-
tometer, English model JENWAY pfp7, and after preparing standard solutions and measuring the
absorbance of the sample and drawing the standard curve, the sodium concentration was found, and
the result was expressed in units of mg/L.

2.4.6 phosphate (PO4): The method [13] was adopted to estimate phosphorus, and it was measured
with a Spectrophotometer device from JENWAY at a wavelength of 885 nm, and the results were
expressed in mg/L.

2.4.7 Calculating the removal efficiency: Using the [14] approach, the physical and chemical
characteristics were measured during the experiment time and the elimination % was determined
using the aforementioned equation. The result was expressed as a percentage. as in the following
equation (2):

S . 1 . . 1
initial concentratwn( )—fmal concentration (—)

mg ™ 100 (2)

Removal efficiency % = 7
initial concentration(m—g)

2.4.8 Statistical analysis: The results were analyzed statistically by applying the statistical pro-
gram SAS (statistical analysis system) and using the analysis of variance (ANOVA) test, where the
arithmetic means were compared by choosing a multinomial Duncan with a probability level of P
<0.05[15] and [16].

3. Results and discussion
3.1 Physical and chemical properties

3.1.1 Turbidity (NTU): It is noted from Figure (1) that there are differences in the turbidity val-
ues, and there were significant differences at a significant level (P < 0.05) between the treated and
untreated treatments and the control, as the highest value of turbidity was recorded in the agricul-
tural wastewater, which was in the treatment with the agricultural wastewater T1 before treatment,
with a value of NTU. 48, followed by T2, which is treated with aluminum sulfate. It recorded 10.33
NTU, with a removal rate of 78.48% of the agricultural wastewater, this decrease is attributed to
the fact that aluminum sulfate is a safe natural chemical and plays a major role in precipitating
plankton and purifying water [17]. As for the T3 and T4 plant treatments, represented by treatment
with the C. demersal and Luminor plants, the lowest value was given, which is 9.67 NTU and 16.33
NTU, with a removal efficiency of 79.85% and 65.98%, respectively. The noticeable decrease in
the turbidity value in phytoremediation may be due to the adhesion and deposition of suspended
materials on aquatic plants, especially the C. demersal plant. As mentioned, [18], water turbidity is
caused by suspended and colloidal particles such as clay and silt, as well as organic and inorganic
materials broken down into fine particles, in addition to microscopic organisms such as protozoa,
for which plants provide an ideal filter.
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Fig. 1 Effect of treatments on the turbidity value (NTU).

3.1.2 Dissolved Oxygen (DO): The results of the statistical analysis of dissolved oxygen values
showed that there were significant differences at a significant level (P < 0.05) between the treat-
ments and through the results shown in Figure (2) for the treatment system with the control TO,
which was given 5.3 mg/L, and the treatment with agricultural wastewater T1 before treatment was
given a value 2.3 mg/L was the lowest value, while the plant treatment compliant with T3 and T4
recorded the highest value, reaching 7.6 mg/L and 6.76 mg/L, respectively. The increase in dis-
solved oxygen values recorded by T3 and T4 is a result of aquatic plants performing the process of
photosynthesis, that is, consuming dissolved carbon dioxide gas and excreting dissolved oxygen
gas during this process [19]. As for T2, which is treatment with aluminum sulfate, it did not show
any significant difference at a significant level (P < 0.05) in the treatment system.
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Fig. 2 Effect of parameters on the dissolved oxygen value (mg/L).

3.1.3 Electrical Conductivity (EC): Figure (3) indicates that the plant treatment represented by
both the C. demersum T3 and the L.minor T4 gave efficiency in reducing electrical conductivity
compared to the treatment with tap water T1 before treatment. The results showed a significant
difference at a significant level (P < 0.05). It was recorded the electrical conductivity of the agri-
cultural wastewater T1 is 2160 ps/cm before treatment. Treatment T3 was the highest in reducing
electrical conductivity, as it gave a value of 1311.33 ps/cm, with a removal rate of 39.29%, fol-
lowed by treatment T4, which gave 1511.67 us/cm, with a removal efficiency of 30.02%, compared
with control TO, which had a value of 460 pus/cm. This decrease in the value of electrical conduc-
tivity is due to the existence of a direct relationship between the TDS (Total dissolved substances)
and the value of conductivity EC in the water [20]. As for T2, which is treatment with aluminum
sulfate, it did not show any significant difference at a significant level (P < 0.05) In the agricultural
wastewater treatment system.
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Fig. 3 Effect of treatments on the value of electrical conductivity (us/cm).

3.1.4 Total Hardness (TH): The treatment results showed in Figure (4) that the total hardness
value differed significantly, and there were significant differences at a significant level (P < 0.05)
between the treated and untreated treatments and the control, as its highest value was recorded in
the T1 agricultural waste water before treatment with a value of It reached 540 mg/L, while both
treatment T4 and T3 recorded a noticeable and significant decrease, reaching 311.33 mg/L, with a
removal rate of 42.35%, and 244 mg/L, with a removal rate of 54.81%, respectively, which differed
from the control treatment TO, which recorded 125 mg/L. This decrease in total hardness is its
dependence on the concentration of a group of ions, including calcium, magnesium, potassium,
chloride, and sulfate ions, and the plant absorbs some of these ions to carry out metabolic processes.
The magnesium ion represents one of the nutritional elements, an effective element for photosyn-
thesis enzymes, and the basic component of chlorophyll molecules, but within its composition. A
few [ 21], As for T2, which is treatment with aluminum sulfate, it did not show any significant
difference at a significant level (P < 0.05) in the treatment system.
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Fig. 4 Effect of treatments on the total hardness value (mg/L).

3.1.5 Sodium lon (Na*): The results of the treatment are shown in Figure (5) that the plant treat-
ment was effective in reducing the value of the sodium ion compared to the control agricultural
wastewater, as significant differences appeared and also showed a significant difference at a sig-
nificant level of (P < 0.05). T1 before treatment gave a value of 287 mg/L, while it gave the lowest
concentration of sodium ion after plant treatment with treatment T4 and T3, which amounted to
228 mg/L and 203.67 mg/L, with a removal rate of 20.56% and 29.03%, respectively, compared to
the control TO, which reached a value of 20.4 mg/L. The sodium ion is one of the most important
problems for irrigation water. This decrease in the value of the sodium ion in the water treated with
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aquatic plants may be attributed to the fact that the sodium ion tends to accumulate in plant tissues
during the treatment period. As for T2, which is treated with aluminum sulfate, it did not show any
significant difference at a significant level of (P < 0.05) In agricultural wastewater treatment.
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Fig. 5 Effect of treatments on sodium ions (mg/L).

3.1.6 phosphate (PO4): The treatment results in Figure (6) indicate that there are significant dif-
ferences and also showed a significant difference at a significant level of (P < 0.05) as the plant
treatment achieved efficiency in removing phosphate compared to the control treatment of the ag-
ricultural wastewater, where T1 before treatment gave the highest value of 2.1 mg/L. Followed by
treatment T3, which gave 0.48 mg/L with a removal rate of 77.14%, and then while treatment T4
gave a value of 0.33 mg/L and a removal rate of 84.29, while control river water TO gave the lowest
concentration of phosphate, reaching 0.3 mg/L. The reason for the decrease in phosphate concen-
tration in plant treatment is that phosphate is considered the main component in building energy in
the form of adenosine triphosphate (ATP), which in turn serves as a building block for nucleic
acids, as well as in building nucleotides...etc., especially during growth. Active for plants and their
maturity. Phosphate is essential for energy transfer, especially in the process of photosynthesis and
respiration [22]. As for T2, which is treatment with aluminum sulfate, it did not show any signifi-
cant difference at a significant level of (P < 0.05) in the treatment of agricultural wastewater.
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Fig. 6 Effect of treatments on the phosphate value (mg/L).

4, Conclusions
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Low level of pollution for all chemical and physical characteristics in the treated agricultural
wastewater, as the plant treatment represented by the C. demersum plant and the L. minor plant
recorded a high efficiency in reducing it. The C. demersum and L. minor plants are also considered
among the plants capable of filtering and purifying polluted water, in addition to being suitable for
irrigation after treatment, especially in terms of total dissolved solids (TDS) concentrations and in
terms of electrical conductivity (EC), and they were among the Iragi and Food and Agriculture
Organization specifications.

Funding: Funding: No Fund Received

Conflicts of Interest: all Authors declare that, there are no Conflicts of interest between the Authors
and Editorial board

References

1. Imran, [, Saadia, H., Qahtan, M. S., (2010). Assessing the quality of water in the northern sector of the general estuary and its
suitability for irrigation purposes. Iraq, Uruk Magazine, Volume 3, Issue 3.

2.  Rahmadyanti, E.,, & Audina, O. (2020). The performance of hybrid constructed wetland system for treating the batik
wastewater. Journal of Ecological Engineering, 21(3), 94-103.

3. Mustafa, H. M., & Hayder, G. (2020). Recent studies on applications of aquatic weed plants in phytoremediation of wastewater:
A review article. Ain Shams Engineering Journal.

4. Maktoof, A. A.,, & AL-Enazi, M. S. (2020). Use of two plants to remove pollutants in wastewater in constructed wetlands in
southern Iraq. The Egyptian Journal of Aquatic Research, 46(3), 227-233.

5. Syed, I, Fatima, H.,, Mohammed, A., & Siddiqui, M. A. (2018). Ceratophyllum demersum a free-floating aquatic plant: A Re-
view. Indian Journal of Pharmaceutical and Biological Research, 6(02), 10-17.

6. Hussein, J., G, D., & Dima O. (2016). Tertiary treatment of wastewater using the water lentil plant Lemna sp in the Al-Jandiriyah
station as an example. Tishreen University. Journal for Research and Scientific Studies. Volume 38. Issue 3. pp. 235-245.

7. Karmakar, R., Paul, P., & Aditya, G. (2022). Predation and prey preference of the exotic snail Anentome helena on two freshwater
snails: implications for species invasion. Journal of Environmental Biology, 43(2), 293-298.

8.  Sostar-Turk, S., Petrini¢, 1., & Simonié¢, M. (2005). Laundry wastewater treatment using coagulation and membrane filtration.
Resources, Conservation and Recycling, 44(2), 185-196.

9.  Foroughi, M., Najafi, P., & Toghiani, S. (2011). Trace elements removal from waste water by Ceratophyllum demersum. Journal of
Applied Sciences and Environmental Management, 15(1)

10. APHA (American Public Health Association) (2003) . Standard method for the examination of water and wastewater. 20th ed.
American Public Health Association. Washington. Cunningham, W. P.

11. APHA (Amreican public health Association) (2017). Standard methods for examination of water and wastewater .23eded.
Newyork.

12. Mccleskey, R. B., Nordstrom, D. K., & Ryan, J. N. (2011). Electrical conductivity method for natural waters. Applied Geochemis-
try, 26, 5227-5229.

13. ASTM (American Society for Testing and Materials) (1984). Annaul book of ASTM standard water, printed in Easton Md,
USA.1129pp.

14. Khan, S.; Ahmad, I; Shah, M. T.; Rehman, Sh. and Khalig, A. (2009). “Use of constructed wetland for the removal of heavy
metals from industrial wastewater”. Journal of Environmental Management, 90: 3451-3457.

15. Duncan, D.B. (1955). Multiple range & F-test. Biometric.11:42.

16. West, B. T., Welch, K. B., & Galecki, A. T. (2022). Linear mixed models: a practical guide using statistical software. Crc Press.

17. Al-Samarrai, Z.H. M. (2023) Evaluation of the effectiveness of using zeolite stones of different sizes in treating wastewater and
river water supplied to the General Company for the Manufacture of Pharmaceuticals and Medical Supplies Samarra Master's
thesis College of Education Samarra University.

18. Basheer, F. A., & Al Masri, N. A. (2015). The Use of Aquatic Plants in Sewage Treatment/Using Lily of the Nile in the City of
Mosul. Iragi Journal of Science, 1878-1889.

19. Zhang, W., Rong, N, Jin, X, Meng, X, Han, S., Zhang, D., & Shan, B. (2022). Dissolved oxygen variation in the North China
Plain River network region over 2011-2020 and the influencing factors. Chemosphere, 287, 132354.

20. Fattah, Mardin Ali Abbas (2022). Environmental assessment of the Tigris River water and sewage and industrial waste water
within the city of Samarra. Master's thesis, College of Education - Samarra University.

21. Mahdi, Enas Aouni (2018). Evaluating the efficiency of two types of submersible aquatic plants in removing nickel and lead
metals and treating wastewater. Master's thesis, College of Science/University of Basra. p. 27.

22. Mohd Nizam, N. U., Mohd Hanafiah, M., Mohd Noor, I., & Abd Karim, H. I. (2020). Efficiency of five selected aquatic plants in

phytoremediation of aquaculture wastewater. Applied sciences, 10(8), 2712.

46



