
 

The Exposure Effects of Magnetic Field on Water 
Properties and Hatchability of Tilapia, Oreochromis 

mossambicus  

 
SADAM M. HASSAN1,2*, RIDZWAN ABDUL RAHMAN1,3 & REZUWAN H. 

KAMARUDDIN1  

1School of Bioprocess Engineering, Universiti Malaysia Perlis, 02600, Arau, 
Perlis, Malaysia 

2Department of Animal Production, College of Agriculture, Tikrit University, 
Salah Al-Deen, Iraq 

3Institute of Sustainable Agrotechnology (INSAT), 7, 02100 Padang Besar, 
Perlis, Malaysia 

 

 

* Corresponding author: saddamiraq1981@gmail.com   
 
 Abstract: A magnetic field can alter the physical and chemical properties 
of water, which then affects the biological properties of the organism that 
consumes the water. The present study evaluates the effects of magnetic 
field exposure on water properties which in turn affect the hatchability of 
the tilapia Oreochromis mossambicus (Peters, 1852). Water was passed 
through magnetic devices of different intensities; namely: 0.10, 0.15 and 
0.20 Tesla, once every five hours for three times. The dissolved oxygen 
(mg/l) was found to increase (from 4.81mg/l to 5.88 mg/l), pH also 
increased (from 8.35 to 8.57), the ammonium (NH4-N mg/l) and levels 
were found to have decreased (from 0.35 mg/l to 0.18 mg/l. Salinity (psu), 
conductivity, electrical conductivity (µS/cm) and total dissolved solids 
(mg/l) were found to have increased after magnetization. The magnetic 
water was found to significantly (P ≤ 0.05) increase the tilapia hatchability 
rate. A best increase of 9.14% in tilapia hatchability rate (H%) was 
attained in water exposed to a magnetic field of 0.15 T for five hours. The 
simple device is a promising solution to improve fish farm yield.  

Keywords: Magnetic field, Magnetized water, Tilapia hatchability, Water 
properties. 

INTRODUCTION  

Magnetic water is produced when the physiochemical properties of 
water such as its state are affected by an external magnetic field (Brizhik, 
2014). The possibility that electromagnetic field influence the biological 
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processes has been investigated for many years (Phillips et al., 1992; 
Liburdy et al., 1993; Schenck, 1998; Kaszuba et al., 2005; Pourlis, 2009). 

After water passes through a magnetic field of certain intensity, it is 
called magnetically treated water or magnetic water (Rasoolian et al., 
2014). Researchers have used a variety of experimental techniques to 
study the effects of a magnetic field on living organisms. Vagra (1976), 
Lebkowska (1991), Baker & Judd (1996), Gabrielli et al. (2001) and 
Krzemieniewski et al. (2003, 2004a) revealed that exposing water to a 
magnetic field influences the water’s surface tension, viscosity, density, 
hardness, electrical conductivity and total dissolved solution. 

The changes in the physiochemical properties of the magnetized 
water affect the biological properties of the organisms that consume the 
water. The usage of magnetized water is studied as an alternative to 
improve water quality in aquaculture by Alrudainy & Jumaa (2016) who 
have studied the effect of magnetized water 0.15 T with increasing 
salinity concentration on common carps, Cyprinus carpio.  

Keirs et al. (2005) found that the application of magnetic field on 
commercial egg-layers flocks reduced mortality rates by 47.6%. The 
hatching rate of the Fasciola hepatica eggs developing under magnetic 
field was more than twofold (2.4 times) higher compared with the 
control (Kolodziejczyk et al., 2010). Kuzna-Grygiel et al. (2005) observed 
that a magnetic field accelerated both egg hatching and further larval 
development of F. hepatica.  

The Japanese quail eggs were exposed to the magnetic field strength 
0.5 μT cyclically every 12 seconds and 12 minutes for 0.5 μT, 
respectively. The results were shown the possibility of increasing egg 
hatchability rate to 91.6% through the use of the magnetic field 0.5 μT 
for 12 seconds, then decreasing egg hatchability rate in intensity 0.5 μT 
for 12 minutes to 83.7% compared with control 86.3% (Tarasewicz et al., 
2006). 

The interaction of magnetic energy with water has stimulated 
research interest which became essential in widening the use of 
magnetized water in various areas, as well as understanding the 
fundamental physics of such interactions. However, Gill et al. (2005) 
concluded that there are still much to learn about the effects of magnetic 
fields. There are still many questions pertaining to the use of magnetic 
devices in aquaculture, such as the intensity of the exposure to magnetic 
field, their effects on water properties, and the effects of these properties 
on water aquaculture need further studies. The effects of exposure to 
electromagnetic fields depend on the magnetic field intensity, frequency 
and the length of exposure. The magnetic field modifies bioelectrical
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signals of the organism enhancing or inhibiting their biological functions 
(Ibraheim & Khater, 2013). There is some in literature that relates the 
effects of exposure to magnetic field of aquaculture. Therefore, the aims 
of this study are to investigate the exposure of a magnetic field on water 
properties, assess the effects of exposure to the magnetic field on 
hatchability of tilapia O. mossambicus, assess the effects of exposure to 
the magnetic field on tilapia survival rate, find the best magnetic field 
intensity to apply and find the optimum duration of exposure to the 
magnetic field.   

 

Materials and Methods 

Magnetic Devices  
The magnetic devices used in the current study are pictured in Figure 

(1). Each consisted of a cylindrical trunk of polyvinyl chloride (PVC) but 
with different amounts of similar sized magnetic pieces. The magnetic 
pieces generate a magnetic field with a fixed Tesla intensity of 0.10, 0.15, 
or 0.20. The strength of the magnet is related by its magnetic flux density, 
and was measured using a Gauss meter (FW Bell: 5170 Gauss/Tesla 
meter, USA), where one gauss equals 10-4 Tesla.  

 

 

                                 a                                  b                              c 

Figure 1: The magnetic devices of different intensities used in the experiment: (a) 0.10 
Tesla, (b) 0.15 Tesla and (c) 0.20 Tesla. 
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The study was conducted in the Institute of Sustainable 
Agrotechnology (INSAT), University Malaysia Perlis, Padang Besar, 
Perlis, Malaysia for two weeks. The water is magnetized to three 
intensities by flowing it through one of the three devices containing 
magnets of different field intensities; 0.10, 0.15 and 0.20 Tesla. Four 
treatments were used in the experiments. The first was control and the 
other three were treated with different magnetic field, with different 
times 5, 10 or 15 hours.  

Hatching was done in four liters of freshwater. Lighting was provided 
to help synchronize hatching. The ProDSS Plus Multiparameter water 
quality meter was the equipment used to measure water quality 
parameters that pertain to the study shown in Figure (2). These 
parameters included water temperature (°C), dissolved oxygen 
concentration (mg/l), pH, salinity (psu), conductivity (µs/cm), total 
dissolved solids (TDS mg/l) and ammonium (NH4-N mg/l).  

All parameters were measured in the normal water (control) and in 
the magnetized water. 

 

Figure 2: ProDSS multi-parameter water quality meter. 

Source of Eggs  
The eggs were obtained from the private hatchery. The female 

brooders obtained from the farm were checked for the presence of 
fertilized eggs in their mouth. The eggs were then extracted and 
preserved in water with aeration during transportation to the station of 
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the INSAT where they were being incubated in the different 
experimental setups.   

Experimental Setup  
 The setup consisted of four replicates of the four treatment units 

where the water was magnetized with magnetic intensities of 0.10, 0.15 
and 0.20 Tesla for 5, 10 and 15 hours. The eggs were placed gently in the 
water and the spoiled eggs were separated from the unspoiled eggs.  

Incubation of the Eggs 
 The hatching egg masses were incubated in the spawning bowls for a 

period of six days. After this period, the hatching rate was estimated. 
These eggs were left to hatch and then separation of hatching larvae 
from the unhatched eggs was carried out and the numbers were 
recorded. The hatched larvae were observed until the entire yolk sac was
used up, as shown in Figure (3). The survival rates for each experimental 
setup were recorded after hatching and determination of hatching rate. 
The larvae were observed after hatching for about one week to 
determine the survival rate.   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  

                    Figure 3: Tilapia eggs before (left) and after (right) hatching. 
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Calculations   
The hatching rate was determined by counting number of larvae after 

six days by using the following equation:  

                                     Number of eggs hatched 
Hatching rate= ____________________________________ x 100  
                               Total number of eggs in a batch 

The survival rate was calculated over seven days by using the 
following equation:  

                             Number of live hatching up eggs to larval stage 
Survival rate= ______________________________________________________ x 100  
                                          Total number of hatching eggs  

Statistical Analysis 
All data are expressed as means ± standard deviation from triplicates 

in each treatment. The data was analyzed using a one-way ANOVA after 
prior confirmation of data homogeneity and variance. If significant 
differences were found (p < 0.05), Duncan’s multiple range test is used to 
identify differences among the treatments. All statistical analysis was 
performed using SAS (2004) version 9.0. 

 

RESULTS  

The effect of the exposure to magnetic field on water quality 
The dissolved oxygen generally increased after water magnetization. 

The exposure of water to a magnetic field resulted in softening the water 
and increase in pH. The NH4-N content showed a general decreasing 
trend with magnetization times (0, 5, 10 and 15 hours).  

A best decrease from 0.35 mg/l to 0.18 of NH4-N was recorded after 
the water was magnetized 15 hours with a magnetic field intensity of 0.2 
Tesla.  

The results showed a highest increase of 2.57% pH after the water is 
magnetized with field strength of 0.2 Tesla for 10 hours. The water 
salinity showed a general increasing trend with magnetization times. The 
total dissolved solids also showed a significant increasing trend with 
magnetization times. These results are shown in Table (1).   
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The effect of the exposure to magnetic field on the hatchability and 
survival rate 

The hatchability rate of tilapia was affected when hatched in 
magnetized water in all the tested treatments. Interestingly, however, 
exposure to 0.10, 0.15 and 0.20 T significantly increased effects of 
hatchability rate 86.25%, 86.67% and 86.25% after exposure to 
magnetic field for five hours compared with the hatching rate of 78.75% 
in the normal water, while 10 and 15 hours led to a significant decrease 
compared to the control as shown in Figure (4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Hatchability percentage (%) of tilapia in the normal water (control) and water 

magnetized for 5, 10 or 15 hours for intensities of 0.10, 0.15 and 0.20 Tesla. 

 

 

There was no significant difference between the survival rate of tilapia 
in the normal water and magnetic water exposure to 0.10, 0.15 and 0.20 
T for 5, 10 and 15 hours. That’s mean the survival rate of larvae was 
unaffected when cultured in magnetized water for one week in all the 
tested treatments, as shown in Figure (5). 

Control 5 hours 10 hours 15  hours

0.10 Tesla 78.75 86.25 50 51

0.15 Tesla 78.75 86.67 46.67 21

0.20 Tesla 78.75 86.25 42.5 21.67
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Table 1: Effect of exposure to magnetic field of water properties of water magnetized with 0.10, 0.15 and 0.20  Tesla from 5-15 hours. 

       Water  properties 

 

Treatments 

Temperature 

°C 
pH 

Conductivity 

us/cm 

TDS  

mg/l  

Salinity  

psu 

NH4  

nmg/l 

DO  

mg/l  

Control 25.95±0.00d 8.35±0.02a 242.63±1.30b 154.92±1.0b 0.11±0.00b 0.35±0.08a 4.81±0.10a 

0.10 Tesla (5 hours) 26.9±0.10c 8.44±0.08a 255.20±5.20a 160.33±3.0a 0.11±0.01a 0.25±0.04b 5.39±0.10a 
0.10 Tesla (10 hours) 26.6±0.30c 8.44±0.08a 279.73±3.70a 161.63±1.4a 0.12±0.00a 0.27±0.03b 5.32±0.10a 
0.10 Tesla (15 hours) 26.7±0.10c 8.21±0.01a 282.73±0.60a 163.58±0.4a 0.12±0.00a 0.18±0.01b 5.46±0.00a 

0.15 Tesla (5 hours) 27.1±0.10b 8.46±0.01a 251.30±4.90a 157.08±3.0a 0.11±0.01a 0.23±0.00b 5.39±0.10a 

0.15 Tesla (10 hours) 27.00±0.20b 8.46±0.02a 278.00±1.70a 161.63±0.8a 0.12±0.00a 0.23±0.01b 5.28±0.30a 
0.15 Tesla (15 hours) 26.90±0.00b 8.22±0.03a 278.57±1.30a 161.45±1.0a 0.12±0.00a 0.19±0.00b 5.88±0.10a 
0.20 Tesla (5 hours) 27.30±0.00a 8.44±0.00a 252.83±11.5a 158.60±5.8a 0.11±0.01a 0.23±0.00b 5.61±0.20a 
0.20 Tesla (10 hours) 27.30±0.10a 8.57±0.01a 283.40±0.80a 163.80±0.0a 0.12±0.00a 0.27±0.01b 5.56±0.30a 
0.20 Tesla (15 hours) 27.40±0.10a 8.23±0.01a 283.07±1.00a 163.80±0.0a 0.12±0.00a 0.18±0.00b 5.66±0.20a 

 

 

 



 

 
Figure 5: Survival rate (%) of tilapia in the normal water (control) and magnetized 

water for 5, 10 or 15 hours for intensities of 0.10, 0.15 or 0.20 Tesla.  

DISCUSSION  

The exposure effect to magnetic field on water quality 
Constant aeration was necessary to keep eggs in suspension and to 

provide sufficient oxygen levels for the cysts to hatch. The dissolved 
oxygen is important during the incubation, and it is the crucial parameter 
of water quality because its concentration has an effect on metabolism. 
These results are in agreement with those reported by 
Kulasekarapandian & Ravichandran (2003), Singh & Khandagale (2006) 
and Soundarapandian & Saravanakumar (2009).  

This is because the water molecules arrange in one direction. This 
result is in agreement with Hasaani et al. (2015) although they reported 
a higher 12% increase in pH of the water after magnetization. The pH 
affects the metabolism and other physiological processes 
(Soundarapandian & Saravanakumar, 2009). The effect of the magnetic 
field depends on the exposure time (AbdelTawab et al., 2011).  

There was a significant difference in the measured water quality 
parameters, which is in agreement with a study using over twofold 
higher Tesla levels (0.4-0.6 T) during the larviculture of Silurus glanis 
(Krzemieniewski et al., 2004b). In an early study, Krzemieniewski et al. 
(2003) found that water magnetized from 0.4 to 0.6 T could reduce 
orthophosphates, chlorides and ammonium content. A similar finding of 

Control 5 hours 10 hours 15 hours

0.10 Tesla 88.89 88.41 89.29 88.85

0.15 Tesla 88.89 86.54 89.29 82.36

0.20 Tesla 88.89 89.86 85.29 92.31
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reduced chlorides and ammonia-N was later found in wastewater of 
powdered milk or sewage when a constant magnetic field of 0.4 and 0.6 
Tesla was used (Krzemieniewski et al., 2004a). The best improvement to 
water quality was obtained at 0.10 T with a slight increase in dissolved 
oxygen (from 3.84 mg/l to 4.51 mg/l), and pH (from 7.11 to 7.42) while 
the ammonia-N decreased from 0.43 to 0.28 mg/l (Hassan & Abdul 
Rahman, 2016).   

The effect of the exposure to magnetic field on the hatchability and 
survival rate 

The exposure to magnetic field penetrates the body and acts on all 
organs, altering the cell membrane potential and the distribution of ions 
and dipoles (Stoklosowa, 1982). These alterations influence biochemical 
processes in various metabolic ways (Joshi et al., 1987; Forgacs et al., 
1998; Kubinyi et al., 1998). As described by authors, we can presume 
that the biological effects of magnetic fields depend on many factors, 
such as exposure dose or different susceptibility of individual organisms. 
Hatchability of chicken eggs was increased when eggs were exposed to 
magnetic field during storage prior to setting (Veterany & Hluchy, 2001). 
Toman et al. (2002) reported a higher hatching rate in magnetic field-
exposed (0.07 T 20-40 min) of chicken’s eggs.  

The previous studies are consistent with the results of current studies, 
which have also demonstrated a stimulating effect of exposure to the 
magnetic field on increasing the hatchability rate. Hatching the eggs 
incubated of miracidia under the magnetic field is probably due to the 
fact that magnetic field stimulates both protein biosynthesis and cell 
division (Blank & Goodman, 1997).  

It is known that biological systems give different bio-responses to 
magnetic field exposures at different frequencies and intensities 
(Goodman et al., 1995). Various living organisms are differently affected 
by a magnetic field, and these effects vary according to exposure 
conditions, genotype of organisms and the biological system (Miyakoshi 
et al., 1997; Belyavskaya, 2001).  

The magnetic field stimulates the breathing process of embryonic 
tilapia, enhancing their morphogenesis and thus gastrulation and the 
closing of the blastopore, during organogenesis and the development of 
the blood circulation system (Formicki & Winnicki, 1998).  

It can be concluded that the improved hatchability of tilapia is due to 
the effect of the magnetic fields on local effects on ion fluxes, ligand 
binding and enhanced distribution and aggregation of intramembranous 
proteins of the membrane (Bersani et al., 1997). However, excessive  



magnetic field exposure of 10 and 15 hours led to negative effects on 
membrane functions and thus tilapia hatchability rate.  
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