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Abstract: Effects of electromagnetic radiations (EMR) on some physicochemical properties (pH, moisture, 

organic matter, phosphate contents) of soil and activities of catalase and dehydrogenase were studied at 

exposure periods of 0, 30, 60, and 90 days. At the exposure periods of 30, 60, and 90 days, the mean values of 

organic matters from the EMR unexposed (control) samples were significantly (p<0.05) lower than the mean 

values from EMR-exposed samples. The mean values of moisture contents from the EMR-exposed samples at the 

exposure periods of 30, 60, and 90 days were significantly (p<0.05) lower than the mean values from the EMR-

unexposed samples. At the exposure period of 30 days, the mean value (6.993±0.065 units) of pH from the EMR-

exposed sample was significantly (p<0.05) lower than the mean value (7.353±0.049 units) from the EMR-

unexposed samples. The overall percentage changes for the EMR-exposed and unexposed samples for catalase 

and dehydrogenase activities were -13.9%, 99.0% and -64.9%, 91.9% respectively. The findings from this study 

showed that EMR had negative impacts on the studied soil parameters in contrast to pH and phosphate 

concentration. 
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I. Introduction 
Recently, our society has come to embrace the usefulness of telecommunication in all its facets. In the 

last one and half decade, countries of the world have witnessed remarkable surge in the use of the 

communication technology. In Nigeria for instance, it is estimated that over 50% of the populations are 

subscribers of mobile telecommunication services. The increase in the number of subscription is not without 

corresponding increases in the number of base stations erected at the nooks and crannies of the nation; 

sometimes on the roof tops and public places. Mobile phones; however, in their sending and reception of signals 

use mostly microwave with the frequency of 945MHz (1), while mobile towers emit microwaves at the 

frequency range of 900 to 1900MHz. The radio frequency emitted by the mobile phones and base stations 

penetrates bodies to a distance that decreases with increasing frequency (2). Recent studies have shown that the 

intense radioactivity from mobile phone towers adversely impact on every biological organisms within 1 square 

kilometer (1). The microwaves might travel for as far as 2 miles in hilly areas, and up to 45 miles where there 

are fewer obstructions and of course, they easily penetrate bricks, metals (3) and soil. 

Electromagnetic radiation is at non-ionization radiation (NIR) level. Barnes (4) had reported the ability 

of non-ionizing radiation to induce cellular damage. Electromagnetic radiations (EMR) may exert its effects 

through thermal and/or athermal means. The thermal effects of EMR result from rise in temperature produced 

by the energy absorbed from oscillating electric fields. At the absorption of the electromagnetic radiations, ionic 

distortion is provoked, leading to heating (2). The thermal effect varies with the conventional heating effects. 

This is because unlike the conventional heating effect, thermal effect causes the rotation and dipolar polarization 

of molecules in an attempt to align the dipoles with the electromagnetic radiations (5). Athermal effect of EMR 

on the other hand, results from a direct stabilizing interaction of electric field with specific (polar) molecules in 

a reaction medium with no rise in temperature (6). The growing interest in athermal effect stems from the fact 

that thermal effects alone cannot fully explain the observed effects of EMR. 

The aim of this study was to assess the effects of the radiations from mobile phones on biotic and 

abiotic components of soil.   
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Catalase 

 The enzyme catalase (hydrogen peroxidase oxidoreductase, EC1.11.1.6) has a detoxifying function in 

cell, catalyzing the following reaction:  

H2O2 -----→ H2O + ½O2.  

All aerobic and most of the facultative anaerobic bacteria exhibit catalase activity. Its estimation is 

based on the determination of released O2 (7). Catalase activity is very stable in soil. It shows significant 

correlation with the content of organic carbon and decreases with soil depth (8). Storage of moist or air-dried 

soils at room temperature for 4 months had no effect on catalase activity, and good correlations have been found 

between catalase and dehydrogenase activities (7). These informed the choice of the enzyme for this study. 

 

Dehydrogenase  

 Soil dehydrogenases (EC1.1.1.) are the major representatives of the oxidoreductase enzymes class. 

Among all enzymes in the soil, dehydrogenase is one of the most important, and has been useful as an indicator 

of overall soil microbial activity (9) because they are tightly linked with microbial oxidoreduction processes. 

They occur intracellularly in all living microbial cells (10), strongly increase under anaerobic conditions and do 

not accumulate extracellularly in the soil. Dehydrogenases play a significant role in the biological oxidation of 

soil organic matter (SOM) by transferring hydrogen from organic substrates to either nicotinamide adenine 

dinucleotide (NADH) or nicotinamide adenine dinucleotide phosphate (NADPH) (11; 12). This also explains 

the choice of the enzyme for this study, as it will offer insight into the relationship between the enzyme, soil 

organic matters and the impact of the EMR on the relationship. 

 

Soil Moisture 

 Water availability strongly affects soil microbial activity, community, composition (13), and 

consequently on soil enzymes activities. As soils dry, the water potential increases, and as well microbial 

activity as intracellular enzyme activity slows down (13). In the case of wet soils, increased moisture could 

bring into soil solution soluble organic matter, which could cause increase of bacterial population number (11).  

 

Organic Matter Content  

Soil organic matter (SOM) is used to describe the organic constituents in the soil (tissues from dead 

plants and animal products produced as these decompose and the soil microbial biomass). Organic carbon refers 

to the carbon occurring in the soil in SOM. SOM plays an important role in soil biological (provision of 

substrate and nutrients for microbes), chemical (buffering and pH changes) and physical (stabilization of soil 

structure) properties. These properties, along with soil organic carbon (SOC), nitrogen and phosphorus, are 

considered critical indicators for the health and quality of the soil (14). 

Soil organic matter (SOM) has important effects not only on soil enzymes activities but first of all on microbial 

activities. Soil OM has been considered as an indicator of soil quality (similarly like DHA), because of its 

character of nutrient sink and source that can enhance soil physical and chemical properties, and also promote 

biological activity (9). It is evident that soil enzyme activity is strongly connected with soil OM content. The 

higher OM level can provide enough substrate to support higher microbial biomass, hence higher enzyme 

production (10). Kumar et al, (15) indicated that DHA displayed the close and positive correlation with OM 

content of four forests stands (two at low and two at higher attitudes). 

 

pH  
Enzyme activities tend to increase with soil pH. According to (16), the weakening of enzymatic activity 

in soil with the increase of soil acidity is the effect of destroying ions and hydrogen bonds in enzyme active 

centre. It is often assumed that pH may affect soil enzyme level in three different ways (17) 

a. By changing the ionic form of the active sites of the enzymes, which consequently affect the enzyme 

activity and hence the reaction rate. 

b. By altering the three-dimensional shape of enzyme, and  

c. By affecting the affinity of the substrate for the enzyme.  

Therefore, the pH factor is seen to be the best predictor of DHA in the soil environment (18).  

 

Phosphate 

In natural systems like soil and water, phosphorus will exist as phosphate (PO4
-
). Phosphorus (P), next 

to nitrogen, is often the most limiting nutrient for crop and forage production. The primary role of Phosphorus in 

plants is to store and transfer energy produced by photosynthesis for use in growth and reproductive processes. 
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Adequate P levels promote root and shoot growth, stimulate tillering, and hasten maturity. Thus, P-deficiency 

stunts vegetative growth and grain yield. Soil phosphorus is relatively stable in soil, and leaches very little 

compared to nitrogen. The release of inorganic phosphate from organic phosphates, called mineralization, is a 

result of microbial breakdown of organic compounds, and this role of microorganisms is influenced by soil 

temperature, soil aeration (oxygen levels), salinity (salt content/electrical conductivity) and soil moisture. The 

process is most rapid when soils are warm, moist, well aerated and well drained, and much slower on saturated 

wet soils. 

  Soils with inherent pH values between 6 and 7.5 are ideal for P-availability, while pH values below 5.5 

and between 7.5 and 8.5 limits P-availability to plants due to fixation by aluminum, iron, or calcium often 

associated with soil parent materials (19). Phosphorus availability is controlled by three primary factors: soil pH, 

amount of organic matter, and proper placement of phosphorus; and the potential for P-loss is especially related 

to erosion and runoff. 

 

II. Materials And Methods 
Sampling and Sample Preparation  

Samples were collected through the depth of 0-30cm into thoroughly washed and air-dried plastic 

containers with airtight capped covers, from five different sites (2m from one another) on about five-years-

fallowed Garden of the Federal University of Technology, Owerri, Imo State, Nigeria on the month of 

September, 2013. The soil samples were homogenized (Kenwood, UK) and 5 kg weighed into two experiment 

tanks measuring 12x12x10cm each. 

 

2.1 Experimental Set Up  

A commercially available GSM mobile phone (900MHZ band) was used for the generation of EMR for 

the study. The mobile phone was sandwiched in the five kilogram soil sample of the test experiment tank. 

During exposure, mobile phone was kept on talking mode, in vibration and the phone battery was also kept 

charged. 

The control sample (with no mobile phone) was placed away from the radiation in the same atmospheric 

conditions. 

Unexposed and exposed soil samples were irrigated continuously to maintain 75% humidity, at room 

temperature of 28±2
0
C for a period of one, two and three months. The samples (control and test) were placed 

away from any instrument or machine to avoid interference from any form of unwanted EMR. At the end of 

each period, the soil samples were subjected to physicochemical and biochemical studies. 

 

2.2 Physico-chemical Parameters Assays  

 

Moisture. 

 The analysis of the moisture contents of the samples was as described by (20). Briefly; a porcelain 

crucible was placed in an oven at a temperature of 105
0
C and allowed to stand for 2 hours. It was allowed to 

cool at room temperature in desiccators. The empty crucible was weighed (empty crucible weight = x). Ten 

grams (10g) of sample were weighed in the crucible and weighed again (sample + crucible weight = Y). The 

crucible was placed for 12 hours in the oven at 105
0
C. The setup was allowed to cool at room temperature in a 

desiccator and weighed again (Z). Moisture content of the samples was calculated thus: 

M (Moisture content) % = 
 𝑌−𝑍  ×  100%

 𝑍−𝑋 
 

MCF (moisture correction factor = 
100+𝑀%

100
  

 

pH 

The pH of the soil was measured potentiometrically in a 1:2 soil-water suspensions as described by 

(21). Briefly; twenty five grams (25g) air-dried, 1 mm sieved soil sample was weighed into a 100 ml flask, 

and 50 ml distilled water added and agitated for one hour. The pH meter was calibrated using pH buffer, 

after which the pH of the suspension was measured. 

 

Phosphate   

Phosphate was determined by the method described by (22). Phosphate in the soil samples were 

extracted with sodium bicarbonate solution of pH 8.5 in an acid ammonium fluoride solution. Phosphate in the 

soil sample was determined colorimetrically with ammonium molybdate as the colouring reagent. Briefly; five 

grams (5g) of soil samples were weighed into 250 ml shaking bottles, 100 ml of sodium bicarbonate extractant 

added and agitated for 30mins. The setup was filtered through Whatman filter paper.   
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Five milliliter (5ml) of the standard series or blank sample was pipette to a test tube and 5ml of the mixed 

reagent was added. The solution was shaken and stood for one hour for the blue colour development, 

subsequently; the concentration of the solution was measured at 720nm, with spectrophotometer. The 

concentration of phosphate in the sample was determined using calibrated spectrophotometer with series of 

known concentrations and calculated thus, 

Available P (mg/kg) = 
 𝑠−𝐵  × 𝐷× 100 +  𝑤− 

𝑤

𝑚𝑐𝑓
   × 𝑚𝑐𝑓

𝑊(𝑔)
 

where: 

S = P concentration in sample (mg/L) read by spectrophotometer 

B = P concentration in blank (mg/L) read by spectrophotometer 

D = Dilution factor (standard 1 for undiluted samples)  

W = Weight of sample  

mcf =Moisture correction factor 

100 = volume of extractant 

 

Organic Carbon 

The organic carbon in the sample was oxidized with potassium dichromate and sulphoric acid according to the 

method of (14). Briefly, one gram (1g) of the soil sample was weighed into a 500ml conical flask 

(Borosil/corning) and then, ten milliliter (10ml) of 1N K2Cr2O7 and 20ml of conc.H2SO4 were added. The flask 

was swirled carefully and allowed to stand for 30 minutes, 200ml distilled water and 10ml H3PO4 were added 

slowly. One milliliter (1ml) of diphenylamine indicator was added and then titrated against 0.5N ferrous 

ammonium sulphate solution until green colour appeared, indicating the end point. A blank was run 

simultaneously and organic carbon was calculated thus: 

𝑂𝒓𝒈𝒂𝒏𝒊𝒄 𝒄𝒂𝒓𝒃𝒐𝒏(%) =
𝟏𝟎 𝐁 − 𝐒 × 𝟎. 𝟑𝟗 × 𝐦𝐜𝐟

𝐁 × 𝐖
 

where, 

B = ml of ferrous ammonium sulphate solution used for blank 

S = ml of ferrous ammonium sulphate solution used for sample 

mcf = moisture correction factor 

W = sample weight (g). 

0.39 = conversion factor (including a correction factor for a supposed 70% oxidation of organic carbon). 

According to (23), the easily oxidizable organic carbon can be converted to total organic carbon by 

multiplication with 1.30 correction factor (or by dividing with 0.77). The total organic carbon was then 

converted to organic matter by the following equation:  

% organic matter =  
%𝒕𝒐𝒕𝒂𝒍 𝒄𝒂𝒓𝒃𝒐𝒏 × 𝟏.𝟕𝟐𝟗

𝟎.𝟓𝟖
    

 

2.3 Assay of Enzyme Activities 

Dehydrogenase (1.1.1) Activities 

The method of (24) was used and is based on the estimation of the triphenyltetrazolium chloride (TTC) 

reduction rate to triphenyl formazan (TPF) in the soil samples after the incubation at 30
0
C for 24h. 

Five grams (5g) of field-moist soil samples were weighed into test tubes and mixed with 5ml of TTC solution. 

The tubes were sealed with rubber stoppers and incubated for 24h at 30
0
C. After the incubation, 40 ml acetone 

was added to each tube, and the tubes were agitated thoroughly and further incubated at room temperature for 2h 

in the dark (agitating the tubes at intervals). Fifteen milliliter (15ml) of the soil suspension (red coloured) was 

then filtered and the optical density of the clear supernatant was measured against the blank at 546nm. TTC and 

TPF are sensitive to light, therefore; all the procedures were performed under diffused light.   

 

Catalase (1.11.1.6) Activity  
Five grams (5g) of soil samples were mixed in 20ml of distilled water balanced and centrifuged at 3500g for 10 

minutes at 4
0
C (25). Five millilitres (5mls) of cold 6mM H2O2 was added to the supernatant. The reaction was 

stopped after 3mins by adding 0.25ml of 6N H2SO4 rapidly and then agitated. Excess potassium permanganate 

(10mls) was added, agitated gently. A standard was prepared by mixing 10ml of potassium permanganate with 

5.5mls of potassium phosphate buffers (pH 6.5) and 0.25ml of 6N H2SO4, and Absorbance was read at 480nm 

(26). Catalase activity was calculated thus: 

 𝐾 0.00693 . where the first-order rate constant (K) = Log  
𝑆𝑜

𝑆𝑡
 ×  

2.3

𝑡
 .  

S0 (Initial substrate concentration) = Absorbance of standard minus Absorbance of blank,  

St (final substrate concentration) = Absorbance of standard minus Absorbance of sample,  

t = reaction time.  
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2.4 Statistical Analysis 

All readings from the study were obtained, at least in triplicate and the data generated were analyzed 

using Analysis of Variance (ANOVA) and Duncan’s test with the aid of Statistical Package for Social Sciences 

(SPSS). Values for p<0.05 were considered as statistically significant; data were presented as mean±standard 

deviation. 

 

III. Results 
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Fig.1: pH of electromagnetic radiation (EMR) exposed and unexposed soil samples. Insert plot; %∆, overall 

percentage change in pH of EMR unexposed and exposed soil samples.  

* Values are significant (p<0.05) vis-à-vis their respective EMR unexposed control. 
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Fig.2: Moisture of electromagnetic radiation (EMR) exposed and unexposed soil samples. Insert graph; %∆, 

overall percentage change in moisture of EMR unexposed and exposed soil samples.  

* Values are significant (p<0.05) vis-à-vis their respective EMR unexposed control. 
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Fig.3: Organic matters (%) of electromagnetic radiation (EMR) exposed and unexposed soil samples. Insert 

plot; %∆, overall percentage change in organic matters of EMR unexposed and exposed soil samples.  

* Values are significant (p<0.05) compared to their respective EMR unexposed control. 
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Fig.4: Phosphate (mg/kg) of electromagnetic radiation (EMR) exposed and unexposed soil samples. Insert 

graph; %∆, overall percentage change in phosphate of EMR unexposed and exposed soil samples.  

* Values are significant (p<0.05) vis-à-vis their respective EMR unexposed control. 
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Fig.5: Catalase activities (U/L) of electromagnetic radiation (EMR) exposed and unexposed soil samples. Insert 

graph; %∆, overall percentage change in catalase of EMR unexposed and exposed soil samples.  

* Values are significant (p<0.05) vis-à-vis their respective EMR unexposed control. 
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Fig.6: Dehydrogenase activities (U/L) of electromagnetic radiation (EMR) exposed and unexposed soil samples. 

Insert graph; %∆, overall percentage change in dehydrogenase of EMR unexposed and exposed soil samples.  

* Values are significant (p<0.05) compared to their respective EMR unexposed control. 

 

IV. Discussion 
Within the last few decades, the world population has adopted the use of mobile phones in a 

horrendous way. Increasing use of these electromagnetic devices has become a trend as well as a need in a large 

section of the society. Mobile phones transmit electromagnetic waves of very low intensity and there has been a 

lot of discussion on possible adverse effects of these radiations on the living and non-living components of the 

environment. It has been established that the radiations generated by mobile phones are non-ionizing radiations 

(NIR). Available data have shown the ability of non-ionizing radiation to produce such effects as change in the 

biochemical and molecular mechanisms of cells both in vitro and in vivo (4), inducing potentially damaging 

effects in all cell components including cytoplasm and nucleus; altering cell metabolism and cell proliferation 

(27; 28). Electromagnetic radiation exerts its effects through: thermal action, non-thermal actions, and/or 

combination of the duo. Mobile phones emit EMR at non-thermal power density levels. Thermal effects result 

from the conversion of the EMR energy into heat energy. Polar molecules (proteins, DNA, etc) respond to EMR 

by rotation. Angular momentum created from this rotation results in friction with neighboring molecules, thus 

developing vibration energy (29). Through this means, radiation energy is converted into thermal energy. The 

effect of vibration energy is therefore, thermal effect which happens in biosystems because of the absorption of 
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EMR into biological materials, which subsequently heat up the intra- and extra-cellular fluids by transfer of 

vibration energy (30). 

The effect of EMR on enzymes may as well results from the denaturation of the proteins consequent to 

the thermal effect of the radiation thus, causing changes in the secondary and tertiary protein structure. The 

mechanism of this change on the enzyme may be through electroporation (31). The effect of EMR can also be 

accounted for by the concept of resonance absorption and resonance interaction (32).  

The mean values of pH from the control and test soils revealed that the soil samples were slightly basic. The 

means 7.31±0.03, 7.32±0.05, and 7.30±0.05  of pH from the test samples for the exposure periods of 0, 60, and 

90 days were not significantly (p<0.05) different from the mean values 7.30±0.02, 7.28±0.11, and 7.30±0.06 

from control samples for the same periods respectively. So far, no evidence exist that EMR can affect pH 

directly, however, it is well-established that changes in environmental conditions can induce bacterial cells to 

alter the pH of their medium (33). This explains the significant (p<0.05) difference observed for the mean value 

6.99±0.07 from the test sample compare to the mean value 7.31±0.05 from the control at the exposure period of 

30 days. 

One of the applications of microwave (at the same frequency as EMR) is based primarily on its thermal 

effects includes moisture removal, and this explained the trend of the results on moisture content where the 

mean values 24.04±0.62, 24.26±0.54, 24.39±0.32 from the test samples for the exposure period of 30, 60, and 

90 days were significantly (p<0.05) lower than the mean values 26.02±0.58, 26.33±0.69, 26.64±0.55 from the 

controls for the same periods respectively.  

Soil organic matter is derived from residual plant and animal materials decomposed by microorganisms 

under the influence of temperature, moisture and optimal soil conditions. Most soil microbes have the enzymes 

needed for the decomposition. Dehydrogenases particularly, play a significant role in the biological oxidation of 

soil organic matter (OM) by transferring hydrogen from organic substrates to inorganic acceptors (12).  

However, any factor that affects the activities of soil microbial dehydrogenases can as well affect the 

degradation of soil organic matter. This therefore explains the mean values 22.55±0.53%, 21.15±0.57%, 

20.26±0.39% from the control for exposure periods of 30, 60, and 90 days which were significantly (p<0.05) 

lower than the relatively unaffected mean values 23.18±0.35 %, 23.15±0.36 % and 23.46±0.46%  from the test 

soil sample. The treatment therefore, had no direct effect on the organic matter content of the test soil, instead; it 

further revealed the presence of stress factor on the enzymes required to metabolize the soil organic matters in 

the sample.  

Maintaining soil pH between 6 and 7 will generally result in the most efficient use of phosphate. 

Organic matters contain soluble phosphate, organic phosphate, and inorganic phosphate compounds that are 

quite available. 

 When phosphate in organic matters comes in contact with the soil, various reactions are initiated that 

make the phosphate less soluble and less available. The rates and products of these reactions are dependent on 

such soil conditions as pH, moisture content, temperature, and the minerals already present in the soil. The 

mechanisms for the changes in phosphate are complex and involve a variety of compounds. In alkaline soils 

(soil pH greater than 7), Ca is the dominant cation that reacts with phosphate. Sequences of reactions in alkaline 

soils lead to the formation of dibasic calcium phosphate dihydrate, octocalcium phosphate, and hydroxyapatite. 

The formation of each product results in a decrease in solubility and availability of phosphate. In acidic soils 

(especially with soil pH less than 5.5) Al is the dominant ion that will react with phosphate. In these soils the 

first products formed would be amorphous Al and Fe phosphates, as well as some Ca phosphates. The 

amorphous Al and Fe phosphates gradually change into compounds that resemble crystalline variscite (an Al 

phosphate) and strengite (Fe phosphate). Each of these reactions will result in very insoluble compounds of 

phosphate that are generally not available. Reactions that reduce P availability occur in all ranges of soil pH but 

can be very pronounced in alkaline soils (pH > 7.3) and in acidic soils (pH < 5.5) (19).  

The means values 1.43±0.14mg/kg, 1.45±0.33mg/kg, 1.44±0.23mg/kg of phosphate from the test 

samples for the exposure periods of 30, 60, and 90 days were not statistically (p<0.05) different from the mean 

values 1.46±0.34mg/kg, 1.44±0.14mg/kg, 1.43±0.42mg/kg from the control samples respectively.  

The influence of temperature (which is usually associated with the microwave component of EMR) on the 

equilibrium concentration of phosphate in the soil solution in literature appears to be those of (34). He reported 

reversible increase of 1 to 2% per centigrade in the phosphate concentration with increasing temperature in the 

range of 0 to 30C. This is inconsistent with our findings as no significant effect of the radiation was observed 

on the concentration of the soil phosphate in EMR exposed samples vis-à-vis the unexposed samples. This may 

be due to the absence of supplying source of P or absence of the enabling environment for continuing 

mineralization of the soil samples. 

Our results showed increased activities of catalase between 0 to 30 days exposure of the soil sample to 

electromagnetic radiations (fig.5). This observation is consistent with the induction of catalase and peroxidase 

activities following microwave pretreatment of wheat seedling (35). Beyond this period, the activities of 
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catalase in the EMR exposed soil decreased significantly (p<0.05) with increasing duration of exposure and in 

comparison with the respective EMR unexposed controls. The overall percentage change in catalase activities 

between 0 to 90 days of EMR exposure was -13.9 % vis-à-vis the 99% of the EMR unexposed soil samples, thus 

revealing the negative impact of the treatment. 

The activity of dehydrogenases was enhanced between 0 to 30 days of EMR exposure and decreased 

progressively at subsequent exposure periods of 60 and 90 days. Fig.6 demonstrated the activity of 

dehydrogenase in the EMR exposed and unexposed soil samples. It showed significant (p<0.05) decrease in the 

EMR exposed soil samples at the exposure periods of 30, 60, and 90 days, with overall percentage change of -

64.9%; 91.9% for EMR exposed and unexposed soil samples respectively. 

 

V. Conclusion 

The work assessed the Effect of Electromagnetic Radiations (EMR) on Some Soil Physicochemical 

Parameters, Catalase and Dehydrogenase Activities at the exposure periods of 0, 30, 60 and 90 days. And from 

the findings, it can be concluded that sub-chronic exposure of the soil samples to electromagnetic radiations 

(EMR) from mobile phone had negative impact on the studied soil parameters but for soil pH and phosphate 

concentration. The findings have therefore paved the way for further studies on soil samples near 

telecommunication masks. 

 

Acknowledgement 
The authors appreciate the technical staffs of the Departments of Biochemistry and Physics, Federal 

University of Technology, Owerri, for their technical assistances in the course of the research. 

 

Competing Interest: The authors hereby declare that no conflicting interests exist. 

 

Reference 
[1]. AD Bakr, Study of Microwave Effects on Biophysical and Histological Properties of Rat Brain, Ph.D. Thesis, Physics Department, 

Fac. of Sci., Benha Branch, Zagazig University, 2004, 21. 

[2]. W Stewart, Mobile Phone And  Health; Report Of Independent Expert Group On Mobile Phones, London, 2000, 38. 

[3]. C James, Health aspects of wireless communication: health and safety associated with exposure to wireless radiation from personal 
telecommunication base stations, ACM SIGMOBILE Mobile Computing and Communications, 2002, 6: 3. 

[4]. FS Barnes, The effect of ELF on chemical reaction rate in biological systems. In S. Ueno (ed.), biological effects of magnetic and 

electromagnetic fields, New York, Plenum Press, 1996, 37-44. 

[5]. N V Zelentsova, S V Zelentsov and Y D Semchikov, On the mechanism of microwave initiated reactions. ChemInform, 

2006, 37(8). 

[6]. M A Herrero, J M Kremsner and C O Kappe,  Nonthermal microwave effects revisited: on the importance of internal temperature 
monitoring and agitation in microwave chemistry. The Journal of Organic Chemistry, 2008, 73(1): 36-47. 

[7]. J Trevors, Effect of Substrate Concentration, Inorganic Nitrogen, O2 Concentration, Temperature and pH on Dehydrogenase 

Activity In Soil. Plant and Soil, 1984, 77: 285-293. 
[8]. J N Ladd, Origin and range of enzymes in soil. In Soil Enzymes (R. G. Burns, Ed.), 1978, 51-96. Academic Press, New York. 

[9]. S Salazar, L Sanchez, J Alvarez, A Valverde, P Galindo, J Igual, A Peix and I Santa-Regina, Correlation Among Soil Enzyme 

Activities Under Different Forest System Management Practices. Ecological Engineering, 2011, 37: 1123-1131. 
[10]. B Yuan and D Yue, Soil Microbial and Enzymatic Activities Across a Chronosequence of Chinese Pine Plantation Development On 

The Loess Plateau of China. Pedosphere, 2012, 22: 1-12. 

[11]. A Subhani, H Changyong, Y Zhengmiao, L Min and A El-ghamry, Impact of Soil Environment and Agronomic Practices On 
Microbial/Dehydrogenase Enzyme Activity in Soil. A Review. Pakistan Journal of Biological Sciences, 2001, 4: 333-338. 

[12]. N Zhang, X He, Y Gao, Y Li, H Wang, D Ma, R Zhang and S Yang, Pedogenic Carbonate and Soil Dehydrogenase Activity In 

Response To Soil Organic Matter in Artemisia ordosica Community. Pedosphere, 2010, 20: 229-235. 
[13]. D Geisseler, W Horwath and K Scow, Soil Moisture and Plant Residue Addition Interact In Their Effect On Extracellular Enzyme 

Activity. Pedobiologia, 2011, 54: 71-78. 

[14]. D W Nelson and L E Sommers, Total carbon, organic carbon, and organic matter. In: Page, A. L. and Keeney, D. R. (eds), Methods 

of soil Analysis Part 2. Madison, WI. Amer. Soc. Agro., 1982, 539-579. 

[15]. J Kumar, G Sharma and R Mishra, Soil Microbial Population Number and Enzyme Activities In Relation To Altitude and Forest 

Degradation. Soil Biology & Biochemistry, 1992, 24: 761-767. 
[16]. W Frankenberger  and J Johanson, Effect of pH On Enzyme Stability in Soils. Soil Biology and Biochemistry, 1982, 14: 433-437. 

[17]. M Shuler and F Kargi, Bioprocess Engineering Basic Concepts. Prentice-Hall Incorporation, Englewood Cliffs, New Yersey, USA, 

2010. 
[18]. B Moeskops, D Buchan, S Sleutel, L Herawaty, E Husen, R Saraswati, D Setyorini and S De Neve, Soil Microbial Communities 

and Activities Under Intensive Organic and Conventional Vegetable Farming In West Java, Indonesia. Applied Soil Ecology, 2010, 

45: 112-120. 
[19]. JC Hoag, M E Sellers and M Zierke, Wetland plant propagation tips. View from a wetland, No. 1 (1994-1995). Interagency 

Riparian/Wetland Project, Plant Materials Center, USDA-NRCS, Aberdeen, ID,1995. 

[20]. S Dyan, P K Chhonkar and R N Pandey, Soil, Plant and water analysis- A manual  method. IARI, New Delhi, 1999, 37. 
[21]. B G Dawey and M K Conyers, Determining the pH of acid soils. Soil Sci., 1988, 142:141-150. 

[22]. A L Page, R H Miller and D R Kenny, Methods of soil analysis. Part 1 and 2. American society of Agronomy. Madison, Wincosin, 

USA, 1982. 
[23]. CJ Schollenberger, Determination of soil organic matter. Soil sci., 1945, 59:53-56.              

[24]. A Thalmann, The method of determining dehydrogenase activities in the soil using triphenyltetrazolium chloride (TTC), 

Landwirtsch Forsch, 1968, 21:249-258. 



Effects of Electromagnetic Radiations (EMR) on Some Soil Physicochemical Parameters, ….  

DOI: 10.9790/2402-10122534                                           www.iosrjournals.org                                       34 | Page 

[25]. G  K Isamah, S O Asagba and A E Thomas, Lipid peroxidation, O-diphenolase, superoxide dismutase and catalase profile along the 

three physiological regions of Dioscorea ratundata. Poir CV Omi. Food chemistry, 2000, 69: 1-4. 

[26]. G Cohen D Dembiec and J Marcus, Measurement of Catalase Activity in Tissues Extracts. Anal. Biochem., 1970, 34: 30-38. 
[27]. S M Hill, Receptor crosstalk: Communication through cell signaling pathways. Bioelectromagnetics, 1998, 16: 207-210. 

[28]. T Bersani, I Marinelli, A Ogmbene, A Matteueci, S Cecchi, S Sahti, S Squarzohi and NM Maraldi, Intermembrane protein                                              

distribution in cell cultures is affected by 50Hz Ru/sed magnetic fields.             Bioelectromagnetic, 1997, 18: 463-496. 
[29]. N Saifuddin, CW Wong and A A Yasumira, Rapid biosynthesis of silver nanoparticles using culture supernatant of bacteria with 

microwave irradiation. J.Chem., 2009, 6(1):61-70. 

[30]. A Tahir, B Mateen, S Univerdi, O KaraGoban and  M Zengin, Simple method to study the mechanism of thermal and non-thermal 
bactericidal action of microwave radiations on different bacterial species. J.Bacteriol. Res., 2009, 1(5): 58-63. 

[31]. C I Iheme, R N Nwaoguikpe, S E Abanobi, C U Igwe, E C Udenze, A U Ezirim, C P Ihedimbu, D I Ukairo, Changes in Enzymes 

Activities of Soil Samples Exposed to Electromagnetic Radiations (EMR) from Mobile Phone.  African Journal of Biochemistry 
Research,2015,9(1):1-8. DOI:10.5897/AJBR2014.0808. 

[32]. I Cosic, The Resonant Recognition Model of Macromolecular Bioactivity: Theory and Applications, Basel, Birkhauser Verlas, 

1997, 8. 
[33]. D McLaggan,  J Stephen and I R Booth, Regulation of  Cytoplasmic pH in Bacteria, 9 Madison, Elsevier BV, USA, 1998. 

[34]. HC AsIyng, The lime and phosphoric acid potentials of soils, their determination and practical applications. Ph. D. Thesis. 

University of London, 1950, 41-44. 
[35]. HJ Chen, Phosphatase activity and P fractions in soils of an 18-year old Chinese fir (Cunninghamia lanceolata) plantation. Forest 

Ecology and Management, 2003, 178: 301-310. 

 

 


