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ABSTRACT 

Objective: This study is designed to measure the current level of Indoor Electromagnetic Radiation (IER) in Chongqing, 
a municipality of western P.R. China, on which further epidemiological investigation on the relation between the level 
of IER and certain health effects could be based. Methods: 118 Households in 4 urban residential districts in 
Chongqing were randomly selected. The IER intensity was measured in each household’s living room at different fre-
quencies under three different conditions. Results: The average electric field intensity measured at the frequency range 
of 1 MHz - 40 GHz was within the guidelines set by the International Commission on Non Ionizing Radiation Protec-
tion (ICNIRP). The electromagnetic field intensity measured at other frequencies were at the lowest range of the ac-
ceptable values. The average electric field intensity at the frequency range of 5 Hz - 1 kHz was higher at a standing 
posture than at a sitting posture with domestic appliances turned off in both cases (P < 0.01). Conclusion: The indoor 
electromagnetic radiation in Chongqing currently is still within the recommended public exposure limit set by ICNIRP. 
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1. Introduction 

High technology is now accessible to many consumers in 
the form of cell phones, computers, TV and other popular 
electronic appliances. The ubiquitous availability of these 
appliances has provided people with unprecedented con- 
venience. However, these modern conveniences may 
have exposed the consumers to some possible negative 
influences [1-3]. According to some recent studies, elec- 
tromagnetic radiation produced by various high-tech of-
fice equipment and household appliances has become 
another source of indoor environment pollutions in addi- 
tion to air pollution, radioactive pollution and noise pol- 
lution. Recently some researches have suggested that 
electromagnetic radiation may cause health problems to 
humans [4,5]. Therefore from a public health perspective, 
caution is always preferable to subsequent costly reme- 
dies [6]. The main purpose of this study is to evaluate the 
levels and characteristics of indoor residential environ- 
mental electromagnetic radiation in a modern living en- 
vironment. Specifically the study will analyze the addi- 
tional impact of household appliances on the average 
electromagnetic radiation field intensity, and examine the 
possible correlation between indoor electromagnetic ra- 
diation intensity and the total power output of household 

appliances, thus providing a reference for monitoring and 
evaluation of and developing safety standards for indoor 
electromagnetic radiation. 

2. Materials and Methods  

2.1. Measuring Equipment 

The measurements were taken by an electromagnetic ra- 
diation integrative Field Strength Analyzer from the Ital- 
ian PMM company (PMM 8053B) and a spectrum ana- 
lyzer from the German SPECTRAN Series (HF-2025E). 
PMM 8053B is an isotropic, broadband Field Strength 
Analyzer. In this measurement we selected 8 measuring 
probes with different frequency ranges for use in con- 
junction with the host. 

2.2. Measurement Methods 

4 residential communities were randomly selected (marked 
A, B, C and D) in Chongqing. Community A and B is 
located in urban area whereas C and D is in suburban 
area. 28, 32, 25, and 33 households were randomly se- 
lected in district A, B, C and D respectively. Since the 
long-term exposure to indoor electromagnetic radiation is 
our main concern, and a pilot investigation showed that 
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the people stay most of their time in bedroom, followed 
by living room and kitchen. Therefore the living room of 
each household was selected as the measuring site. Three 
kinds of states in the measurement were: State I: probe 
took place at 1.7 meters above ground where people were 
in the standing posture, with indoor electric appliances 
(TV, lights, air conditioner, microwave oven, personal 
computer) turned off; State II: probe took place at 1.7 
meters above ground where people were in standing 
posture, with indoor electric appliances turned on; State 
III: at 1.5 meters above ground where people were in the 
sitting posture, with indoor electric appliances turned on. 
Electric fields were measured in volts per meter (V/m). 
Magnetic fields were measured by magnetic flux inten- 
sity in micro-tesla (μT) and power flux density was ex- 
pressed in nW/m2.  

2.3. Statistical Analysis Methods 

Statistical software SAS 8.0 (SAS Institute, Inc., Cary, 
NC) was employed to conduct analysis of variance 
(ANOVA) and linear correlation analysis. Descriptive 
data was given as mean ± standard deviation (SD). Nor- 
mal distributions and box-cox transformation were con- 
ducted to test the measuring data. Homogeneity-of- 
variances were tested by Levene test. Statistical signify- 
cance was defined as P < 0.05. 

3. Results 

3.1. Results of Indoor Electromagnetic Radiation 
Intensity 

Under the current environmental electromagnetic radia- 
tion safety standards in China: Regulations for electro- 
magnetic radiation protection (GB8702-88) and Hygi- 
enic standard for environmental electromagnetic wave 
(GB 9175-88), there are no safety standards for electro- 
magnetic wave at frequency range below 100 kHz. 
Therefore, the Time-varying electric, magnetic and elec-
tromagnetic field exposure limit guidelines from the In-
ternational Commission on Non-Ionizing Radiation Pro-
tection (ICNIRP) recommended by the WHO was 
adopted to analyze the results of this measurement. Com- 
paring the results to the general public exposure limits 
established by the time-varying electric and mag- netic 
fields in the ICNIRP guidelines, it was found that none of 
the measured values exceeded the limit set in the ICNIRP 
guidelines in the corresponding frequency ranges. 

As can be seen in Table 1, the values of electric field 
intensities and magnetic flux intensities at the frequency 
range of 5 Hz - 100 kHz and 1 kHz - 100 kHz, plus the 
power flux density at frequency range of 700 MHz - 2.5 
GHz obviously changed while the values of the other 
frequency ranges were relatively stable. 

The average electric field intensities were measured at 
six frequency ranges and the values of which were 
showed in three conditions in Figure 1. The highest av- 
erage electric field intensity at frequency range from 1 
MHz to 40 GHz in three types of state were 17.171 V/m, 
17.176 V/m and 17.173 V/m respectively, which were 
close to the limit in the CNIRP guidelines (87/f1/2, f’s 
unit is MHz). The average electric field intensity at fre- 
quency range from 5 Hz to 1 kHz in state II was 16.797 
V/m. The average electric field intensities at frequency 
range from 1 kHz to 100 kHz were the lowest; the values 
 
Table 1. Values of frequency range of 5 Hz - 1 kHz, 1 kHz - 
100 kHz and 700 MHz - 2.5 GHz. 

Variable 
(frequency, Unit)

state Mean ± SD# Min.~Max.* Median

I 2.63 ± 4.60 0.07 - 17.90 0.96

II 16.80 ± 15.62a 0.68 - 77.96 11.90
E 

(5 Hz - 1 kHz, V/m)

III 3.26 ± 5.19b 0.05 - 24.06 2.14

I 0.04 ± 0.08 0.00 - 0.36 0.01

II 0.06 ± 0.08 0.01 - 0.32 0.02
B 

(5 Hz - 1 kHz, µT)

III 0.05 ± 0.09 0.01 - 0.44 0.02

I 0.21 ± 0.03 0.11 - 0.27 0.21

II 0.36 ± 0.33a 0.15 - 1.96 0.24
E 

(1 kHz - 100 kHz, 
V/m) 

III 0.22 ± 0.04 0.13 - 0.43 0.22

I 0.05 ± 0.00 0.03 - 0.06 0.05

II 0.05 ± 0.00 0.04 - 0.06 0.05
B  

(1 kHz - 100 kHz,
 µT) 

III 0.05 ± 0.00 0.03 - 0.06 0.05

I 216.07 ± 324.19 0.07 - 1570.00 79.19

II 212.85 ± 420.64 0.57 - 2750.00 76.78
S 

(700 MHz - 2.5 GHz, 
nW/m2) 

III 722.47 ± 3265.13 0.68 - 23230.00 57.18

*Minimum~maximum values. #Mean ± Standard Deviation. abmeans of 
statistical significance compared to state I and II, respectively. E, B and S 
stands for electric field intensity, magnetic field intensity and power density, 
respectively. 
 

 

Figure 1. Average electric field intensity (V/m) at different 
frequencies under three states. 
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of other frequency ranges were no more than 5 V/m. 

3.2. The Analysis of Indoor Electromagnetic 
Radiation Under the Three States 

The measurement and analysis of the indoor average 
electric field intensity and average magnetic flux inten- 
sity were carried out in three conditions. As shown in 
Table 2, the differences between the values of electric 
field intensity in state I and state II at the same frequency 
range, and the differences of the values at the frequency 
range of 5 Hz - 1 kHz (P < 0.05) and 1 kHz - 100 kHz (P 
< 0.01) were statistically significant. In addition, com-
bining the results in Table 1, we observed that at the 
aforementioned frequency ranges, the values of the av- 
erage electric field intensity in state II were much higher 
than that in state I. It means that when people were in the 
same standing posture, the average values of electric 
field intensity measured with indoor electric appliances 
turned on were much higher than that measured with 
indoor electric appliances turned off. 

A comparison of all the average electric field intensity 
between state II and state III illustrated that the differ- 
ences at the frequency range of 5 Hz to 1 kHz (P < 0.01) 
were the only significant ones. Likewise combining the 
results in Table 1 shows that the average electric field 
intensity as measured in a standing posture was much 
greater than that measured in a sitting posture when the 
indoor electric appliances was turned on. It became clear 
in the investigation that people in a standing posture al- 
ways stood between the TV and the sofa, and as such 
people’s head were relatively closer to the sources of the 
electromagnetic radiation, such as TV or electric light 
above the head, in contrast to the situation in which peo- 
 
Table 2. Inter-comparisons of each frequency range among 
the three states. 

Variable (Frequency, Unit) Sate I - II Sate II - III Sate I - III

E (5 Hz - 1 kHz, V/m) P = 0.000* P = 0.001* P = 0.631

B (5 Hz -1 kHz, µT) P = 0.459 P = 0.753 P = 0.539

E (1 kHz - 100 kHz, V/m) P = 0.037* P = 0.065 P = 0.755

B (1 kHz - 100 kHz, µT) P = 1.000 P = 0.302 P = 0.827

E (100 kHz - 800 MHz, V/m) P = 0.552 P = 0.768 P = 0.368

E (700 MHz - 3 GHz, V/m) P = 0.388 P = 0.845 P = 0.684

E (100 kHz - 3 GHz, V/m) P = 1.000 P = 1.000 P = 1.000

E (1 MHz - 40 GHz, V/m) P = 0.465 P = 0.519 P = 0.493

S (700 MHz - 2.5 GHz, nW/m2) P = 0.979 P = 0.349 P = 0.817

*Differences are of statistical significance; E, B and S stands for electric 
filed intensity, magnetic flux density and power density, respectively. 

ple were in sitting posture. Also the results described 
above confirmed that the intensity of the electromagnetic 
waves decreases significantly with increasing distance, a 
characteristic of electromagnetic waves [7]. 

3.3. Relation between Total Power of Electric 
Appliances and Field Intensity at Frequency 
Range from 5 Hz to 1 kHz 

The power of all sorts of household electrical appliances, 
50 Hz/60 Hz, is within the frequency range 5 Hz to 1 
kHz. Figure 2 shows a linear correlation between the 
average electric field intensity of the 118 households 
(measured in a standing posture) and the total power of 
turned-on electric appliances (r = 0.07). Figure 3 shows 
the average electric field intensity versus total power 
measurements in a sitting posture (r = 0.047). Figure 4 
shows the linear correlation between the average mag- 
netic flux intensity of the 118 households (as measured in 
a standing posture) and the total power of turned-on 
electric appliances (r = 0.072). Figure 5 shows the aver- 
age magnetic flux intensity versus total power measured 
in a sitting posture (r = 0.067). 

4. Discussion 

Indoor electromagnetic radiation is mainly produced by 
spatial spread and transmission emitted from conductors. 
Electromagnetic waves travel on multiple paths from 
senders to receivers and can be absorbed, reflected or 
shielded by reinforced concrete walls or other building 
materials, thus rendering windows, balconies or other 
open places the main path by which the outdoor electro- 
magnetic radiation leaks into the house [8]. Therefore, 
there are two main sources of indoor electromagnetic 
radiation pollution. One is outdoor electromagnetic ra- 
diation leakage whose sources is widespread but mainly 
at radio frequency range (30 MHz - 300 GHz). The other 
source is the ELF electromagnetic radiation (0 Hz - 100 
kHz) generated by many modern domestic electrical ap- 
pliances and electrical wires. The result of this study 
shows that when people were in a standing posture, the 
average electric field intensity with indoor electric ap- 
pliances turned on was much greater than that with in- 
door electrical appliances turned off. Accordingly we 
assume the turned-on electrical appliances, which operate 
at Chinese standard electric power frequency (50 Hz - 60 
Hz), may generate extremely low frequency electromag- 
netic waves of certain intensity. 

Since the late 1970s, questions have been raised 
whether adverse health consequences would result after 
exposure to the extremely low frequency (ELF) electric 
and magnetic fields (EMFs). The biological effects from 
cute exposure at high levels (well above 100 μT) are a 
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Figure 2. The scatter plot of total power of indoor electric appliances (W) versus electric field intensity (V/m) measured in 
standing posture (5 Hz - 1 kHz) , r = 0.07, P > 0.05. 
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Figure 3. The scatter plot of the total power (W) of indoor electric appliances versus electric field intensity (V/m) measured in 
sitting posture (5 Hz - 1 kHz), r = 0.047, P > 0.05. 
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Figure 4. The scatter plot of the total power (W) of indoor electric appliances versus magnetic flux intensity (µT) measured In 
standing posture (5 Hz - 1 kHz), r = 0.072, P > 0.05. 
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Figure 5. The scatter plot of the total power (W) of indoor electric appliances versus magnetic flux intensity (µT) measured in 
itting posture (5 Hz - 1 kHz), r = 0.067, P > 0.05. s     
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well established and explained by recognized biophysical 
mechanisms. However, since external ELF magnetic 
fields can induce electric fields and currents in the body, 
thus exposure to the ELF magnetic fields of high inten- 
sity may change the excitability of the nerve cells in the 
central nervous system. Much of the scientific researches 
examining long-term risks from exposure to ELF mag- 
netic field have focused on childhood leukemia. The 
pooled analyses of epidemiological studies have consis- 
tently demonstrated that a two-fold increase in childhood 
leukemia is associated with an average exposure at inten- 
sity of residential power-frequency above 0.3 - 0.4 μT. 
However, the causal relationship has yet to be convince- 
ingly established by data related to childhood leukemia 
[9]. 

This investigation has raised the following questions 
that warrant further studies and/or analyses: 

1) No single but multiple electromagnetic waves of 
various frequency ranges were present in the same indoor 
environment at different intensities. Although the meas- 
ured values at every frequency range were below the 
ICNIRP reference level, further studies are necessary to 
ascertain whether the value of all frequency ranges su- 
perimposed collectively exceeds, or whether the super- 
imposed field would lead to adverse health cones- 
quences. 

2) Both domestic and international electromagnetic ra- 
diation safety standards are established only for the 
known health hazards resulted from short-term electro- 
magnetic radiation exposure. However, electromagnetic 
radiation existing in the modern residential environment, 
particularly in the indoor environment, will subject the 
occupants to a long-term exposure whose potential dele- 
terious effects are yet to be determined. Accordingly, 
establishing the long-term exposure standards for elec- 
tromagnetic radiation takes on a heightened urgency. 

3) The measured values presented in this paper 
showed no correlation whatsoever between ELF fields 
and the total power of indoor electrical appliances. But in 
theory, the higher the power of the radiation source is, 
the greater the intensity of the electromagnetic radiation 
becomes. Furthermore, different manufacturing tech- 
nologies and materials used by different manufacturers 
can also exert an influence on the value of electromag- 
netic radiation. 

Therefore, aiming to address the potential health haz- 
ards that surfaced in this study, we offer the following 
advices on minimizing indoor electromagnetic radiation:  

1) Avoid placing household electrical appliances in 
close proximity to each other. 

2) Avoid using two or more electrical appliances si- 
multaneously.  

3) Minimize the frequency and duration of using elec- 

trical appliances as much as possible. Switch them off 
when they are not in use.  

4) Maintain a certain distance from electrical appli- 
ances when they are turned on [10]. 

5) Use low-power appliances and qualified products 
made by established manufacturers to save electricity and 
reduce the electromagnetic radiation. 
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