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Abstract 
 
Treatment of water is important for the protection of the environment and for 

human well-being. Electromagnetic water treatment is old but aimed at 

getting the amount of pollutants common in a new way. The current study 

presents results related to the effect of an electromagnetic field (EMF) on 

synthetic water with NaCl salt (represented by TDS).One of the most 

important problems facing society today is the salinity of water, as happens 

in Iraq, specifically the city of Basra.  The severity of the salt tongue in Shatt 

al-Arab due to natural factors like climate change, drought and lack of 

drainage of human water and other related to water supply management and 

aquatic neighboring countries policy, In view of the problems arising from 

the rise in salinity and the suffering of the communities of areas living on salt 

water in this study, the discovery of a way to solve this issue, namely the 

electromagnetic treatment of salt water, was highlighted. Due to their health, 

ecological integrity, simplicity and low operating costs, the electromagnetic 

treatments for water and wastewater attract special attention. During the 

function of the electromagnetic processing unit the effect of five variables on 

the efficiency of pollutant removal was checked. An air core inside the 

reactor  has been adapted to treat it in the first stage of treatment but the 

results of treatment was negative then replaced by stainless steel filing to 

induce the electromagnetic field. The results of the experiment showed a 

high response efficiency to remove the pollutant using the stainless steel  
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within the reactor. The results conducted that the pH value remain constant 

with EMF.The performance of the unit is determined by TDS. The result 

shows best removal efficiency with 79% at the smallest diameter (2.54 cm), 

79% at the most number of coil turns (4500 turn), 86.99% at the largest value 

of the electric current(20 ampere),72.75% at the lowest flow rate (300 

ml/hour) and 60.27% at the highest primary concentration (1500 mg/l). 

Multiple linear regression model was performed stepwise to estimate the 

correct equation for TDS removal efficiency and turbidity contaminants. At a 

high degree of accuracy the statistical model’s results corresponded with the 

field experiments’ results.Finally, EMTU has considered one of the most 

effective methods of water treatment, especially for desalination of water. 

EMT unit could be decided to submit to the Iraqi Ministry of Planning as a 

proposal for treating Basra city water salinity. Solar energy can be used 

instead of usual electrical generating to make the EMTU more economical. 

 

Keywords Electromagnetic field, Water treatment, Steel filling, Salinity 

removal, Environment. 

 

1 Introduction 
 

Worldwide water supplies face drastic changes as a result of global 

climate change, rising water demands, population development, 

industrialization and urbanization, and clean drinking water is one of the 

developing world's most pressing commodities[1]. In irrigated soils, 

electromagnetic instruments are increasingly being used to measure and 

monitor soil salinity in situ. Magnetic water treatment (MWT) technologies 

have shown promising promise in different fields, especially agriculture. 

Health, reliability and usability, eco-friendliness, low running costs and 

unproven adverse effects are the major advantages of electromagnetic field 

(EMF) over traditional water treatment methods. Magnetized or magnetic 

water (MW) has special physical and chemical properties making it a multi-

purpose material with possible benefits for scientific, industrial and 

environmental applications[2].The applications of magnetic fields were 

recognized Since ages[3,4]. Since decades, magnetic field applications have 

been recognized. The concept of induction as early as 1830 introduced by 

Michael Faraday, stating that is electrical current caused while flow ions or 

conductive material traverse a magnetic field flux. Though applications of 

magnetic field were quickly aimed at proving Faraday's point, worldwide 

beware of was lacking From researchers and industry professionals[5].The 

actual birth of contemporary magnetism occurred in 1819, when Hans found 

that when the two were placed near each other, a compass needle was 

deflected perpendicular to a current bearing wire. It was here that 

electromagnetism was born [6].  
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One of the most important problems facing society today is the salinity 

of water, as happens in Iraq, specifically the city of Basra. In Shatt al-Arab 

salt tongue due to natural causes such as climate change, drought and lack of 

drainage of human water and others related to water resource management 

and aquatic neighborhood planning[7].The Shat al-Arab salinity over the last 

four decades has gradually increased. The shat waters' high salinity hampered 

and found them unfit for many residential, commercial, as well as 

agricultural uses.In Basra city, Annual 2009 saw salinity as large as 18500 

ppm. The primary cause of the problem of salinity is reduction of the inflow 

of fresh water from all flowing rivers; heavy salinity from the Euphrates; the 

Marshes; and the Garmat Ali River [8]. The two main objectives of this 

research are first to investigate the possibility of the electromagnetic field 

from removing. Pollutants and secondly to choose the optimal design for the 

electromagnetic treatment system in terms of testing the effect of five 

variables on the efficiency of the EMTU work. Applications of this research 

are close to other applications as in[9,10,11]. 

The brief description of the experimental procedures was discussed in 

section 2. The results of the experimental field were discussed in Section 3.  

In section 4, The discussed in Section 4.  Section 5, describes about 

conclusion and recommendation for future work. 

 

2 Experimental Procedures 
 

The arrangement of the experiment is as shown in the Figure 1, it 

consists of five electromagnetic reactors (different in diameter and number of 

coil windings) made of PVC material, each reactor consist of   solenoid 

(electrical coil) made up of copper wire having (25Ωresistance). The 

continuous flow system was adopted. 

The reactors are placed vertically to allow all the magnetic field lines to 

move through the air and water phases and therefore the EMF can be added 

without any losses [12].The air core was initially used to strengthen the 

magnetic field within the reactor, the results were not positive due to there 

was no significant change in the water characteristics. The treating efficiency 

of water was further improved by the installation of stainless steel strips 

inside the electromagnetic reactor and along the reactor. 

The first stage is to investigate the effect of the electromagnetic field on 

the value of the pH by exposing the water sample to three different intensities 

of the electromagnetic field (4320, 6000, 8000) guesses.In the second stage 

of the examination, TDS pollutants were measured as an indicator of the 

amount of    salts in the synthesis water sample. 

 In this research, five variables were adopted that surround the conditions 

of each experiment.The aim of the experiment was to determine the influence  

of  the  different  five parameters of  electromagnetic treatment unit (EMTU) 

on the possibility and the efficiency of the total dissolved solid as salinity. 
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Figure 1: Electromagnetic Treatment Unit 

 

3 Results 
 

This test was conducted after passing through the electromagnetic field 

for 1,2,3,4,5 hours to show the effect of magnetically treating general drain 

water. This test was performed on three intensities (4320, 6000, 8000) 

Guesses of treated water.  The results obtained showed no significant 

modification in the pH value.The second stage is to investigate the effect of 

the electromagnetic field in reducing or removing salinity. As shown below. 

Summarized from the three tests, with an increase in the number of coil 

turns, the efficiency of TDS removal increases significantly.The removal 

efficiency was 68.77% when the number of coil turns was 3500 and 73.97% 

at 4000 turns and the highest efficiency at 4500 turns was 79%. as shown in 

Table (1). 

     For three different reactors diameter, the concentrations of total dissolved 

solid decrease with decreasing reactor diameter and increasing the period of 

magnetically, the removal rate was detected equal to 79% at 2.54 cm 

diameter, where the highest removal rate was among the three reactors, 

68.77% at 3.81 cm and 64.14% at 5.08 cm. The diameter of reactor can be 

decreased and the contact time can be reduced. As shown in Table (2). 

     The efficiency of removing TDS increases with decreasing flow rate, 

observed  removal decreased from 72.75% (5 ml / min) to 57.2%  (10 ml 

/min) to 38.92% (20 ml/min) As in Table (3). 

that the electromagnetic field effected highly on TDS concentration with 

increased electrical currents. From three tests, it appears that the removal 

efficiency is proportional to the direct current, whereby the removal 

efficiency increases 45.05% at 5 Ampere and 65.30% at 10 Ampere to reach 

86.99% at 20 Ampere. (Table 4).High TDS concentration leads to high TDS 

pollutant removal efficiency. It turns out that the removal efficiency is 

inversely proportional to the TDS concentration.  
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That was observed when examining samples exposed to an 

electromagnetic field and at different periods (1, 2, 3, 4 and 5) hours and 

when the sample entering the electromagnetic reactor is at a low 

concentration, the removal efficiency is low. The removal efficiency 

decreases from 60.27% at an amount of 1500 mg/l to 57.6% at 1000 mg/l to 

reach 37.9% at 500 mg/l. As in Table (5) 

 
Table 1: Changing of TDS concentration after exposing to EMF with different 

number of electrical coil turns 

 

Sample 
Time 

(hours) 

TDS 

concentration at 

3500 turns 

TDS 

concentration at 

4000 turns 

TDS 

concentration at 

4500 turns 

a 0 1729 1729 1729 

B 1 1440 1550 1500 

C 2 1320 1400 1030 

d 3 975 943 728 

e 4 665 750 402 

f 5 540 450 363 

 

Table 2: Changing of TDS concentration after exposing to EMF with different 

reactor diameter 

 

Sample 
Time     

(hours) 

TDS 

concentration at 

Diameter=2.54 

TDS 

concentration at 

Diameter=3.81 

TDS 

concentration 

at 

Diameter=5.08 

a 0 1729 1729 1729 

b 1 1500 1400 1420 

c 2 1030 1030 1000 

d 3 728 876 930 

e 4 400 640 826 

f 5 363 540 620 
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Table 3: Changing of TDS concentration after exposing to EMF with different flow 

rate 

Sample 
Time 

(min) 

TDS con. 

at flow 

rate=5 

ml/min 

Time 

(min) 

TDS con. at 

flow rate=10 

ml/min 

Time 

(min) 

TDS con. at 

flow rate=20 

ml/min 

a 0 1729 0 1729 0 1729 

b 41 1490 22 1541 11 1600 

c 82 1280 44 1430 22 1510 

d 123 861 66 1160 33 1330 

e 164 600 88 950 44 1100 

f 205 471 110 740 55 1056 

 

Table 4: Changing of TDS concentration after exposing to EMF with different 

electric current 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Changing of TDS concentration after exposing to EMF with different initial 

concentration 

Sample 
Time 

(hours) 

TDS Con. at initial 

Con. = 500(mg/l) 

TDS Con. at initial 

Con. = 1000(mg/l) 

TDS Con. at 

initial Con. = 

1500(mg/l) 

a 0 500 1000 1500 

b 1 449 828 1279 

c 2 412 617 1056 

d 3 375 589 798 

e 4 350 500 610 

f 5 310.5 424 596 

 

4    Discussions 
 

The results obtained for the first stage showed no significant change in 

the pH value, which is consistent with the research [13].When the MTDs 

change the of pH, this could strongly recommend that this is only within the 

range of +0.20 pH or – 0.20 pH from such tests.  

Sample Time(min) 

TDS Con. at  

electric current 

=5 ampere 

TDS Con. at  

electric current = 

10 ampere 

TDS Con. at  

electric current 

=20 ampere 

a 0 1729 1729 1729 

b 41 1450 1520 1320 

c 82 1340 1390 1170 

d 123 1320 890 820 

e 164 1030 657 570 

f 205 950 600 225 
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It should have been observed that contaminants from the device of 

treatment also might impact the pH measurements[13]. 

     In the second stage, with an increase in the number of coil turns, the 

efficiency of TDS removal increases significantly. we infer that the coil  

winding's number greatly affects the adequacy of removing contaminants, the 

greater the efficiency of removal  because raising the electromagnetic field 

strength, which in turn increases the efficiency of removal of pollutants.        

Researchers ' results improved that when studying the influence of intensity 

of magnet field on COD, hardness and removing of SS at 0.167 ml/s between 

175 T and 879 T. It was found that magnetic strength increases of (1.75, 

3.51, 5.27, 7.03 and 8.79)x102 T, hardness (3, 2.5, 2.1, 1.8, 1.5)x103 mg/l, 

hardness (1.5, 1.3, 1.1, 0.95, 0.8)x102 mg/l and SS (1.25, 1.1, 0.95, 0.8, 

0.65)x102 mg/l respectively [14]. 

For three different reactors diameter, from conducting this experiment 

was found that the diameter of the reactor is a significant factor in identifying 

the removing efficiency, due to the magnetic waves generated by the electric 

field is concentrated in a small space if the diameter of the reactor is small 

and gives a better removal efficiency. 

        For the flow rate, the impact of flow rate (decrease) on removal salinity 

(increase) agreed with the researchers [15].when they used a flow rate of 

0.145 ml/s to 1.344 ml/s to remove suspended solid,observed  removal 

increased from 20% (1.344 ml/l) to 40%  (0.344 ml/l). 

     The results of the three tests showed that the electromagnetic field had a 

significant effect on salts concentration with increased electrical currents. 

Increasing the current, i.e. increasing the density of the magnetic field, leads 

to an increase in the percentage of salt removal since water molecules are 

charged electrically and have a small dipole, and therefore a small dielectric 

constant. This dipole can be sensitive to the effects of electric and magnetic 

exogenous fields. It is well known that water subjection to a tiny magnetic 

field can change its dielectric constant[16]. 

Finally, high salinity concentration leads to high salinity pollutant 

removal efficiency. It turns out that the removal efficiency is inversely 

proportional to the TDS concentration.  The reason for the decrease in the 

efficiency of removing pollutants can be explained by a decrease in its 

concentration in the sample under the influence of an electromagnetic field. 

       Recommended that the magnet influence was connected to the ion 

character existing in the liquids and the hydration shell thickness surrounding 

the ions.The ions with fewer organized water hydration layer are strongly 

influenced by the permanent magnet. The hydration shell's thickness then 

tends to change less, and that's better for increasing diffusivity of hydrated 

ions [17].By relying on the above information, the reason for reducing 

efficiency of removing pollutants could be described by a decrease in its 

concentration in the sample under the influence of an electromagnetic field. 
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"The soluble ions present in the water are exposed to vibrations and 

collide with each other, so they combine with each other to form a cluster 

and then weaken the bonding strength between them to separate by the action 

of the electromagnetic waves. In the case of low concentrations of dissolved 

substances (the presence of a small number of ions in the water sample), 

which provides large spaces for these ions to escape to, it becomes difficult 

to remove them". In addition, the remediation of tap water by magnet field 

has bettered the quality of water,  

for instance, microbial load, DO, TSS and TDS. These factors of water are 

determines the quality of water and have been clearly modified in reaction to 

remediation by magnet field and treating water boosted germination and seed 

production [18]. 

 

5 Conclusions and Recommendation for Future Work 
 

 One of the most effective water treatment methods , particularly for 

water desalination, is the electromagnetic treatment method used in this 

research. EMTU also considered environmentally friendly, safer and less 

costly, especially if electricity generation is based on solar energy. This 

research could be decided to Submit to the Iraqi Ministry of Planning as a 

proposal for treating Basra city water salinity. Solar energy can be used 

instead of usual electrical generating to make the EMTU more 

economical.Using the stainless steel filling in the technological system 

influence on higher pollutants reduction in the water. Electromagnetic field-

caused phenomena favorably affect wastewater treatment 

 The pH value remains constant, unaffected by the electromagnetic field, 

even after five hours of exposure to  three degrees of treatment (4320, 6000, 

8000)Guesses with the electromagnetic field.The electromagnetic processing 

unit is more efficient for removing salinity (represented by TDS) when 

increasing the number of coil turns. The electromagnetic processing unit is 

more effective to eliminate salinity (TDS-represented) when the diameter of 

the reactor decreases. The efficiency of removing salinity increases with 

decreasing flow rate. The value of the electrical current obviously 

affects the sufficiency of the treatment, as the more the current increases, the 

greater the salinity removal rate. The percentage of salinity removal increases 

with increasing concentration.Dear future researcher, here are some 

recommendations for future research in the field of electromagnetic water 

treatment unit. Study the effect of the chemical and physical properties of 

water when exposed to the electromagnetic field, so that in the future we can 

come to an understanding of the mechanics that electromagnetic waves affect 

pollutants and eliminate them conclusively. Study of cost-effectiveness is 

recommended for determining economic benefits in EMT units versus 

traditional water treatment. 
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