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Abstract

In recent years, the use of new electrical appliances, that use or emit intermediate frequency (IF; 300 Hz to 10
MHz) electromagnetic fields (EMFs), has been increasing. We have investigated genotoxic and promotion potentials of
a vertical and sinusoidal IF MF of 0.91mT (rms) at 2 kHz, 1.1mT (rms) at 20 kHz and 0.11mT (rms) at 60 kHz. We
used microbial mutagenicity tests, gene conversion tests, micronucleus tests or mouse lymphoma assay for genotoxicity,
and Bhas42 promotion tests for promotion. The results indicate that the IF MFs did not have genotoxic nor promotion
potentials in the experimental conditions.

1. Introduction

In contrast to extremely low frequency (ELF, related to power frequency; 50/60 Hz) and radio frequency (RF,
related to mobile telephony; 0.8-2.45 GHz) electromagnetic fields (EMFs), the biological effects of intermediate
frequency (IF; 300 Hz to 10 MHz) EMFs have not been studied extensively [1,2]. In recent years, the use of new
electrical appliances, such as induction cookers, proximity readers and electrical article surveillance that use or emit IF
EMFs (which also include both magnetic fields and electric fields), has been increasing. In Japan, the widespread use of
household induction cookers has raised public concern regarding the health effects of IF MFs. For heating, the induction
cookers generate approximately 20-90 kHz of MFs and the associated harmonic frequencies MFs. In addition, many
industrial inverters have a switching frequency of several to tens of kHz. For example, an inverter with a basic
frequency of approximately 2 kHz controls the main motors of the Shinkansen superexpress train in Japan [3].
According to the ICNIRP guidelines, the stray MFs from these devices are sufficiently low. However, there is lack of
data to evaluate the biological effects of IF MFs.

The WHO Environmental Health Criteria (EHC) 238 monograph published at 2007 is for risk assessment of
exposure to extremely low frequency electric and magnetic fields below 100 kHz [2]. However, the EHC monograph
stated that the majority of studies have been conducted on power-frequency magnetic fields, which are 50Hz and 60Hz.
Additionally, in “Recommendations for research”, the EHC has stated “further research on intermediate frequencies
(IF), usually taken as frequencies between 300 Hz and 100 kHz, is required.” and “General requirements for
constituting a sufficient IF database for health risk assessment include exposure assessment, epidemiological and human
laboratory studies, and animal and cellular studies.”

At present, there is no established mechanistic evidence linking MFs to carcinogenicity, however, the public
considers these issues as having an immediate potential health impact. In this paper, we have examined the genotoxicity
and promotion potentials of IF MFs (2 kHz, 20 kHz and 60 kHz) using bacterial cells for point mutations, using
budding yeast cells for point mutations and gene conversions, using V79 cells for micronucleus formations, using
L5178Y tk+/- 3.7.2¢c cells for point mutations and chromosomal aberrations, and using Bhas 42 cells for promotion
potentials

2. Materials and Methods

2.1 Exposure system

We constructed a Helmholtz type exposure system [4], which generates a vertical and sinusoidal IF MF in the
frequency range of 2—60 kHz (Fig. 1). The exposure system was designed to generate 0.91mT rms at 2 kHz (34 times
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greater than the strength proposed in the ICNIRP guideline), 1.1mT rms at 20 kHz (41 times) and 0.11mT rms at 60
kHz (4 times), respectively. This system provided a large uniform IF MF environment (20 cm’, field variation below
2.5%). The effects of vibration and sound in the incubation space, or generated from coils and electrical power supplies,
were minimized using a water-jacketed incubator. The incubator was located in the center of the system. The incubation
temperature was controlled at 37+0.4 °C for bacteria and mammal cells, and 30+0.4 “C for yeast, respectively.

2. 2 Mutagenicity Tests

Four strains of Salmonella typhimurium (TA98, TA100, TA1535, TA1537) and two strains of Escherichia coli
(WP2 uvrd, WP2 uvrd/pKM101) were chosen to examine a wide spectrum of point mutation, including AT base
substitution, GC base substitution, suppressor mutation, and frame shift. Twelve plates were randomly divided into two
groups; six plates were placed at the center of the MF exposure system while the other six were placed in a control
incubator. Revertant colonies were scored after 48 hr of incubation at 37 “C [5].

2. 3 Gene Conversion Tests

The yeast strain, Saccharomyces cerevisiae XD83 (MATa/ MATo, his4-519/his4-519, leu2-3/leu2-3, lysi-
Vlysl-1, +/petl, arg4-4/+, +/arg4-17, ade2-18/+), was obtained from American Type Culture Collection (Manassas,
VA, USA). The cells inoculated into plates and exposed to MFs for 48h at 30 °C. The rate of gene conversion was
estimated by counting revertant colonies [6].

2. 4 Micronucleus Tests (MN)

The Chinese hamster V79 cells were used. The cells inoculated into T-175 flasks and exposed to MFs for 24h
at 37 °C in 5% carbon dioxide. After the MF exposure for 24h, the cells were collected and inoculated into a chamber
slide (Lab-Tekll, 4well, Nalge-Nunc). Rates of micronucleus formation were determined as the proportion of binucleus
cells with micronucleus to the total number of binucleus cells [7, 8].

2. 5 Mouse Lymphoma Assay (MLA)

The MLA can detect both point mutation (as large colony) and chromosomal aberration such as deletion (as
small colony). A mouse lymphoma cell line, L5178Y tk+/- 3.7.2c, was used. The cells were exposed to the MFs for 24h
at 37 °C in 5% carbon dioxide. After the exposure, the cells were inoculated into 96 well plate. After the plates were
incubated for 10-14 days, the colonies were counted to evaluate the ratio of mutation frequency of point mutation,
chromosomal aberration or total mutation between MF exposed and unexposed control groups [9, 10].

2. 6 Promotion Tests

The Bhas 42 cells, which derived from BALB/c 3T3 and transfected v-Ha ras gene, were used. The v-Ha ras
gene is well known as an oncogene, and the cell could be used as initialized cell in 2-step transformation assay. The
cells exposed to the IF-MFs for 10days at 37 ‘C in 5% carbon dioxide from day 4 to day 10. After the MF exposure, the
cells were incubated for 7 days to make a focus by transformed cells. The number of focus was counted after 21 days
total incubation [11, 12].

3. Results and Discussion

3.1 Genotoxicity

To examine the genotoxicity of the IF MFs (2 kHz, 20 kHz and 60 kHz), we used bacterial cells to assay for
point mutations, budding yeast cells to assay for point mutations and gene conversions, V79 cells to assay for
micronucleus formations, and L5178Y #k+/- 3.7.2¢ cells to assay for point mutations and chromosomal aberrations. In
statistical analysis for all genotoxicity tests, neither significant nor reproducible difference was found between exposed
and control groups (Table 1), even if each test replicated five times.



3.2 Promotion Potential

To examine the promotion potentials of IF MFs (2 kHz, 20 kHz and 60 kHz), we used Bhas 42 cells to assay
for promotion potentials. In statistical analysis for promotion tests, neither significant nor reproducible difference was
found between exposed and control groups (Table 1) , even if each test replicated five times.

Table 1. Effect of IF- MF on genotoxicity and promotion potentials in in vitro tests
Exposure Conditions

. . 2kHz 20kHz 60kHz
Tests Test Strain Endpoints 0.91mT | 1mT 0.11mT
(5 times) (5 times) (5 times)
S.typhimurium
TA98 Frameshift 0 0 I
TA100 Base substitution (GC) 0 (M 0
Bacterial TA1535 Base substitution (GC) 0 0 0
Mutation Tests TA1537 Frameshift (1) (1) 0
E.coli
WP2 uvrA Base substitution (AT) (M 0 0
WP2 uvrd /pKM Base substitution (AT) 0 0 0
S. cereviciae
Yeast Gene
Conversion XD83  Gene Conversion 0 0 0
Tests
Nucleotide Substitution 0 0 0
Micronucleus derived from Chinese hamster
Formation Tests V79 MN formation 0 0 0
Mouse lymphoma cell line
L5178Y tk+/-3.7.2¢ S-MF 0 0 0
Mouse
Lymphoma L-MF 1I(T) 0 0
Assay
T-MF 0 0 1(1)
%SC 0 0 0
derived from BALB/c 3T3
Promotion Tests
Bhas 42 Promotion 0 0 0

The numbers show the number of statistically significant results, and the arrows show the trend of the change. S-MF:
mutation frequency for small colony, L-MF: mutation frequency for large colony, T-MF: total mutation frequency (S-
MF+L-MF), %SC = (S-MF/T-MF) x100

These results indicate that the strong IF MFs used in this study did not have genotoxic potentials, which are
related with the mechanisms of point mutation, gene conversion, micronucleus formation and chromosomal aberrations



in both prokaryotic and eukaryotic cells by using in vitro genotoxicity tests. The results also indicate that the strong IF
MFs did not have promotion potentials by a sensitive in vitro promotion tests.

4 Conclusions

We have investigated the effect of the IF MHs of 0.91mT rms at 2 kHz (34 times greater than the strength
proposed in the ICNIRP guideline), 1.1mT rms at 20 kHz (41 times) and 0.11mT rms at 60 kHz (4 times) on
genotoxicity and promotion potential. These strong I[F MFs did not have both genotoxicity and promotion potentials
which relate with the mechanism of carcinogenesis.
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