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Abstract 

A number of studies have focused on the biological effects of extremely-low frequency magnetic fields (ELF-

MFs). Evidence of health issues associated with low-frequency magnetic and electric fields supports the 

need to analyze magnetic field fluxes in the workplace. This study investigated the flux density of magnetic 

fields (MF) in the 61 rooms of Building A of the German Jordanian University (old campus)in Amman, 

Jordan (now a division of the Prince Hassan Scientific City).The objective of this research is to 

quantitatively investigate the magnetic field flux density (MF) levels in the offices of one university building 

in order to provide an idea of employee MF exposure levels. The results are compared to established 

protection guidelines and the degree of hazard due to exposure to possible MF is assessed. Results detailing 

the electromagnetic (EM) radiation in the University offices showed an appreciable increase from 

background level. It was found that 83.6% of the building area had magnetic flux densities of significant to 

extreme levels of concern, according to German guidelines. A remarkable discrepancy in the level of MF 

was also observed between rooms. 
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1. Introduction 

Electrical power and appliances have become deeply imbedded into our modern daily lives. The reliance 

of modern civilization on electricity and electronic instruments has made inadvertent exposure to artificial 

extremely-low-frequency magnetic field (ELF-MF) inevitable. There have been widespread concerns 

regarding exposure to radiofrequency fields (RF) from base stations and mobile phones. Exposure to RF has 

been reported to be linked to various health hazards, including cancer (Repacholi, 2001). However, the 

effects of ELF-MF exposure have been the subject of much debate. While all electromagnetic waves interact 

with the human body through absorption, ELF radiation functions differently to high-frequency fields. The 

energy absorbed into the body on exposure to ELF-MF is very small and does not cause a rise in 

temperature (ICNIRP, 1998). ELF-MF exposure is widespread and difficult to avoid. Increases in the 

production and transmission of electricity generate extremely-low-frequency electromagnetic fields (ELF-

MF) (Ahlbom et al., 2001). With a number of different sources, exposure can vary spatially and temporally. 

These properties render data interpretation problematic, especially in the absence of a well-known 

mechanism (Ahlbom et al., 2001). 

While the exact mechanisms are not well understood, several studies have suggested possible 

mechanisms; following laboratory research, one such mechanism is linked to calcium ion movements in 

cells. ELF-MF can potentially disturb ion flow, which would interfere with cell membrane function. 

Subsequent alterations to cellular division and growth may stimulate tumor growth. The effects on cellular 

function have been previously linked to exposure to low-frequency fields (Funk et al., 2009). 

Extremely-low-frequency electric fields (ELF-EF) and ELF-MF are able to penetrate most materials, 

including human tissue. There are no observable acute responses to ELF-MF exposure. Combined with the 

uncertainties relating to the effects and mechanisms of ELF-MF exposure, there has been deliberation as to 

the existence of long-term health hazards. 

Studies investigating ELF-MF exposure have yielded mixed results. A study into possible cardiovascular 

risks associated with ELF-MF exposure found no significant correlation below certain exposure levels 

(Jauchem, 1997). A five-year exposure analysis on implantable cardioverter-defibrillators investigated 

potential exposure to ELF-MF; it concluded that exposure to 50 Hz EMF fields did not result in interference 

with the implant (Souques et al., 2011).Another study examined the relationship between testicular cancer 
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and ELF-MF exposure in the workplace. It was found that ELF-MF exposure was not an applicable feature 

to the risk of developing testicular cancer (Baumgardt-Elms et al., 2002). 

Cherry,(1999) found that ELF-EMF exposure does cause adverse effects among physiotherapists in 

Sweden and Denmark, where there have been increasing numbers of still births, cot deaths, and deformities 

in children. However, Zahedi et al.(2013) have shown that daily exposure to strong magnetic fields during 

pregnancy had no deleterious effect on offspring, with minimal observations of developmental retardation 

and possible postnatal weight gain. 

ELF-MFs are thought to be carcinogenic to humans (IARC, 2001). Studying epidemiologic findings, a 

body of evidence was discovered that suggested occupational ELF-MF exposure has a connection to 

amyotrophic lateral sclerosis; however, previous studies that suggested links of ELF-MF to suicide, 

depression, and breast cancer were inconclusive (Ahlbom et al, 2001).Milham (1996)found a correlation 

between the length of cumulative occupational exposure to magnetic fields(1,200–1,300 nT) and the 

likelihood of developing cancer. The study established that between the years 1980 and 1994, 15 cancer 

cases had developed instead of the expected 4.2 cases (Milham, 1996). In another study, 142 municipal 

electrical utility employees were investigated over the course of a year. Their after-work Melatonine 

metabolite excretion was investigated in relation to their occupational exposure to ELF-MF and a reduction 

in its levels was observed (Burch et al., 1999). 

Lee et al. (2002) used personal data of employees to study the association between ELF-MF exposure and 

the risk of miscarriage. They found a dose-response relationship for clinical miscarriage risk with maximum 

ELF-MF exposures above 1,400 nT. 

Given the variation in the threshold limits and research outcomes relating to ELF-MF exposure effects, 

the precautionary principle has been suggested for risk management in the absence of an agreed upon 

procedure. The interpretation of the precautionary principle differs between authors; however, the principle 

for health and safety predominates due to the lack of decisive verification. The overall precautionary 

principle has been divided into three categories: 1-uncertainty does not justify in-action;2-uncertainty 

justifies action; and3-uncertainty requires shifting the burden and standard of proof(Rogers and Wieners, 

2002).These uncertainties have confirmed public concern regarding ELF-MF (Repacholi and Cardis, 1997). 

In response to the increasing interest in ELF, the World Health Organization (WHO) established the 

International EMF project in 1996. The project aimed to develop the research needed to evaluate any 

possible health concerns associated with EMF exposure (Repacholi and Cardis, 1997; Repacholi, 2001). In 

1998, exposure guidelines were published for 50 Hz frequency magnetic field exposure. The limits for 

public exposure were set as 100,000 nT, and the occupational exposure threshold as500,000 nT (ICNIRP, 

1998). The guidelines were set under the assumption of insufficient scientific evidence available to 

categorically conclude that long-term ELF-MF exposure is damaging. The values set as the guideline reflect 

this assumption. 

In another attempt to set precautionary principles for ELF-MF radiation, German guidelines in 1999 

stated that daytime ELF-MF exposure must not exceed 100 nT, while nighttime exposure must not exceed 

20 nT (Bonn, 1999). Further guidelines, dictated by the precautionary principle, were especially designed for 

night-time exposure (sleeping areas). 

According to German guidelines the ELF-MF exposure values were divided into four categories, with 

varying degrees of intensity: No Concern (0-20 nT), Slight Concern (20-100 nT), Severe Concern (100-500 

nT) and Extreme Concern (>500 nT) (Maes, 2008). The rigorousness of precautionary principle based 

guidelines exceeds others by orders of magnitude. The issue remains, with the enormous variation and 

conflicting ideas relating to ELF-MF exposures, the question is what levels are people actually exposed to in 

the workplace, and should it be a cause for concern? In order to determine the potential exposure levels of 
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values (Student`s t-test, p-value =0.01). The actual trends seen between magnetic flux values and time of the 

day will depend on the room work function and the neighboring environment.  

The values reported in Table (1) are similar to those stated in a survey on the exposure of Electricity 

Supply Industry Staff (UK) to MFs conducted by Merchant et al. (1994). A total of 258 employees from 

various sections of the business were monitored for a period of one week. The results showed that the level 

of exposure depended on the area the employees were based in. The range of workplace exposure found was 

170–1,160 nT. In another study, Schiffman et al. (1998) investigated the exposure effects of office workers 

to ELF-MFs. They concluded that only specific types of equipment (namely book theft device in the library) 

would increase the personal exposure of the employees.  

This study has not dealt with the biochemical changes caused by ELF-MF. Previously, a study by 

Funk et al. (2009) suggested that calcium transport changes may interfere with membrane function activity, 

which can result in increases in abortion. However, the conducted studies cannot provide conclusive 

evidence because ELF-MF has low energy and low intensity. In these cases, the effects will be subtle and 

difficult to detect, so acute changes will be difficult to observe. The potential small and subtle effects may 

contribute to the aging process, according to the wear and tear theory of aging(Goldsmith, 2014).  

 

4. Conclusions 

Offices can have different levels of MF, depending on the distribution of the electrical instruments and 

neighboring environment. In this study, neither the recorded MF readings nor the averages exceeded the 

guidelines set by the WHO. However, most of the measured ELF-MF values were found to be of concern for 

causing health effects according to German guidelines. For this reason, it is recommended that people 

should not be complacent towards ELF-MF hazards, at least until reliable and accurate rules based on 

rigorous experimentation are developed. 
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