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Advances in the biological effects of terahertz
wave radiation
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Abstract

The terahertz (THz) band lies between microwave and infrared rays in wavelength and consists of non-ionizing
radiation. Both domestic and foreign research institutions, including the army, have attached considerable importance
to the research and development of THz technology because this radiation exhibits both photon-like and electron-like
properties, which grant it considerable application value and potential. With the rapid development of THz technology
and related applications, studies of the biological effects of THz radiation have become a major focus in the field of life
sciences. Research in this field has only just begun, both at home and abroad. In this paper, research progress with
respect to THz radiation, including its biological effects, mechanisms and methods of protection, will be reviewed.
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Introduction
Essentially, THz is an electromagnetic wave with frequen-
cies ranging from 0.3 THz to 3 THz and wavelengths ran-
ging from 0.1 mm to 1 mm. THz waves were formally
named in the late 1980s, before which time they were col-
lectively referred to as far-infrared rays. Because of the
limited availability of effective THz-generating sources
and THz-sensitive detectors, there has been very little re-
search into this band; therefore, this band is also called
the THz Gap. The term THz Gap is applicable in the fol-
lowing two respects: First, the THz band is located be-
tween millimeter waves and infrared rays, both of which
bands have been more extensively investigated, thus form-
ing a relatively undeveloped “blank.” Second, studies of
the long-wavelength regime, of which the THz band is a
part, rely predominantly on electronics, whereas studies of
the short-wavelength regime rely predominantly on pho-
tonics, resulting in a “gap” between these two research
fields.
Compared with other bands, the THz band offers the

following unique advantages: First, THz pulse widths on
the subpicosecond scale allow for the facile analysis of
various materials (such as liquids, semiconductors, super-
conductors, biological samples, etc.) through the technol-
ogy of time-resolved transient spectroscopy. Second, a
* Correspondence: ruiyunpeng18@126.com
Department of Experimental Pathology, Beijing Institute of Radiation
Medicine, Beijing 100850, China

© 2014 Zhao et al.; licensee BioMed Central L
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.
THz pulse source must produce only a few cycles of oscil-
lation, and the frequency range of each single pulse spans
from the range of GHz (giga-Hz) to 10 THz. This feature
of THz sources is beneficial for the analysis of the spectral
properties of a wide range of sample materials. Third, THz
radiation is highly coherent, including strong temporal co-
herence and strong spatial coherence. This property as-
sists in the accurate acquisition of the refractive indices
and absorption coefficients of samples. Fourth, THz pho-
tons possess very low energies; therefore, THz radiation
does not cause tissue damage or harmful ionization and is
thus highly suitable for biopsy. Fifth, THz radiation offers
strong penetration power for non-polar substances and
can be used for detection. Sixth, THz waves are strongly
absorbed by polar molecules, meaning that THz radiation
can be used to study material compositions by analyzing
the corresponding spectroscopic characterizations of the
materials and can be used in product quality control.
In recent years, research and technology in the field of

THz science has undergone tremendous development. In
addition to THz radiation sources, remarkable develop-
ments have also been made in traditional THz detection,
THz spectroscopy, THz imaging studies, THz radar, THz
remote sensing, THz communication, THz measurement,
and THz applications for non-damaging methods of de-
tection as well as THz technology for use in material
characterization and environmental monitoring. Research
has been conducted in the petrochemical, aerospace, and
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biomedical industries as well as by the military and agen-
cies concerned with national defense and national secur-
ity, among others. Naturally, this extensive research
program has aroused worldwide concern. With the rapid
development of THz science and technology, exploration
of the biological effects of THz radiation has become a
major new effort in the field of life sciences. At present,
research in this field, both at home and abroad, is still in
its initial stages.
In this paper, research progress with respect to THz

radiation, including its biological effects, mechanisms
and methods of protection, will be reviewed.

Biological effects of THz radiation
At present, studies of the biological effects of THz radiation
are largely supported by “THz-BRIDGE,” an international
cooperative project with the objective of studying the
mechanisms involved in the interaction of THz radiation
with cells and biological molecules to estimate the potential
genotoxicity of THz radiation [1]. Meanwhile, the project is
also committed to identifying the potential target organs,
cells or sites of THz radiation, mostly focusing on lympho-
cytes, epidermal cells and cell membranes [2].
Similar to other bands of the electromagnetic spectrum,

the biological effects of THz waves can be divided into ther-
mal effects and non-thermal effects. Because of the low en-
ergy of THz waves and the overlap of their vibration and
rotational levels with biological macromolecules, the non-
thermal biological effects of THz radiation may demon-
strate unique features and application prospects [3].
To study the thermal effects of THz waves, Wilmink et al.

[4] have exposed human cells to THz radiation (2.52 THz,
227 mW/cm2, durations of 1 ~ 40 min). They found that the
vast majority of cells underwent apoptosis or necrosis after
being exposed for 20 min or longer; 60% of Jurkat cells sur-
vived for 30 min, and only 20 percent lived to 40 min. In a
subsequent study, human dermal fibroblasts were exposed
to continuous THz radiation (2.52 THz, 84.8 mW/cm2, du-
rations of 5, 10, 20, 40, and 80 minutes). It was found that
cell viability was significantly affected when cellular temper-
atures increased by 3 °C, and the expression of both heat
shock proteins and DNA damage markers tended to
increase. Compared with the radiation groups, the groups
subjected to hyperthermic exposure (3°C higher than
physiological conditions) exhibited equivalent levels of heat
shock protein expression [5]. These findings suggested that
radiation at 2.52 THz generates predominantly thermal ef-
fects in mammalian cells.
As a major aspect of the study of related mechanisms,

the non-thermal biological effects of THz waves have re-
ceived greater attention. Bourne et al. [6] have exposed pri-
marily cultured human keratinocytes and ND 7/23 cell
lines characterized by sensory neurons to 0.14 THz radi-
ation for 80 ns, with power densities ranging from 24 mW/
cm2 to 62 mW/cm2, but no changes occurred in the gluta-
thione and heat shock protein 70 levels, which are typically
indicators of the degree of stress response. Through the ob-
servation of the effects of THz radiation on neurons
in vitro, Ol’shevskaia et al. [7] have observed that THz radi-
ation causes injury to the morphology of neurons in a
power- and wavelength-dependent manner.
Meanwhile, there have been many negative results in

the study of the biological effects of THz radiation. Studies
have indicated no effects of THz radiation on the differen-
tiation or cell viability of human keratinocytes or neurons
at a frequency of 0.14 THz or a power of 0.45 J/cm2 [6,8].
In addition, THz radiation has also been found to have no
significant effect on the morphology, adhesion, prolifera-
tion and differentiation of human epithelial and embry-
onic stem cells as well as the chromosomes of human
lymphocytes [9,10].

Biological mechanisms involved in THz radiation
THz radiation may interact with cellular components at
multiple levels, including chromosomes, DNA (deoxy-
ribonucleic acid), genes and proteins.
At the level of DNA and chromosomes, Hintzsche

et al. [11] have exposed a monolayer-cultured human-
hamster hybrid cell line to a 0.106 THz radiation source
for 0.5 h, with power densities ranging from 0.043 mW/
cm2 to 4.3 mW/cm2. The results indicated that the THz
radiation affected chromatid separation during the mi-
totic anaphase and telophase. Recently, several studies
have indicated that the non-thermal effects of THz radi-
ation may affect the stability of DNA by establishing a
system in vitro, leading to chromosomal aberrations of
human lymphocytes and genetic changes during the dif-
ferentiation of mouse stem cells [12-16].
At the levels of genes and protein, the USA Air Force Re-

search Laboratory [5] has studied the genetic changes in
Jurkat cells exposed to continuous THz radiation (2.52
THz, 227 mW/cm2, durations of 1 ~ 40 min). They ob-
served that the THz radiation primarily affected genes
encoding inflammatory cytokines, including IL2-inducible
T-cell kinase (ITK), integrin-linked kinase-associated
serine/threonine phosphatase (ILRAP), RAD1, interleukin
6 (IL6), and interleukin 8 (IL8). Bock et al. [13] have inves-
tigated the relationship between broad-spectrum THz radi-
ation and genetic changes and have found that the
application of THz irradiation accelerated cell differenti-
ation by activating the transcription factor peroxisome
proliferator-activated receptor gamma (PPARγ), indicating
that THz radiation may be a potential tool for cellular re-
programming. Alexandrov et al. [14,15] have observed
changes in gene expression in mesenchymal stem cells
following exposure to 2.52 THz radiation for 2 h under
non-thermal conditions, including changes in adiponectin;
solute carrier family 2 (facilitated glucose transporter),
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member 4 (GLUT4); and PPARγ. Titova et al. [17,18] have
exposed human skin tissue to 0.2 ~ 2.5 THz radiation for
10 min. As a result, the expression of more than half of the
epidermal differentiation complex (EDC), which is predom-
inantly involved in epidermal differentiation and is often
highly expressed in skin cancer and other diseases, changed
at the gene level. At the same time, they also observed that
THz radiation could induce significant alterations in the
phosphorylation of H2AX, indicating that THz radiation
could lead to potential DNA damage in skin tissues. Kim
et al. [19] have irradiated mouse skin with femtosecond-
terahertz (fs-THz) radiation and, through genomic analysis,
found that transforming growth factor-beta (TGF-β) medi-
ated the damage response of the skin. Recently, E. coli/
pKatG-gfp biosensor cells have been used to study the bio-
logical effects of THz radiation. The results demonstrated
that exposure to THz radiation at wavelengths of 130, 150,
and 200 μm and a power of 1.4 W/cm2 induced changes in
green fluorescent protein (GFP) fluorescence values and
thus modified the expression of GFP [20].
However, there have also been some negative results in

the study of the biological mechanisms involved in THz
radiation. Hintzsche et al. [21] have exposed HaCaT and
HDF cells to THz radiation for 2 h, 8 h, and 24 h at vari-
ous power intensities ranging from 0.04 to 2 mW/cm2,
and no DNA strand breakage or chromosomal damage
was observed. In their follow-up study, at higher frequen-
cies (0.380 and 2.520 THz), non-ionizing radiation did not
induce genomic damage in human skin cells [22].

Research on materials for protection against
THz radiation
The development and application of protective/shielding
materials constitute an effective means of ensuring the
survival of personnel and weapon systems for future
battlefield applications of technologies; such studies are
therefore highly valued in the world’s major military na-
tions. Many patents have been filed abroad in regard to
protection/shielding materials that are compatible with
multiple bands, and several domestic units have also de-
veloped multi-band camouflage screens that are compat-
ible with visible light, infrared, and radar and are designed
for stealth to achieve multi-band protection/shielding. Al-
though considerable achievements have been made with
respect to protection/shielding materials that are effective
against multiple bands, including the microwave and in-
frared bands, a great deal of development is still required
in the THz band.
Liu et al. [23] have studied the THz spectra of four

stealth cloths, including gray shielding cloth, brick red
shielding cloth, and light and dark calibration shielding
cloth. The results indicated that the shielding effectiveness
of these four cloths was no less than 30 dB, suggesting
that these cloths could be effective in shielding electronic
devices against microwave or THz waves to prevent infor-
mation leakage or interference. The gray and brick red
shielding cloths exhibited better performance, with shield-
ing effectiveness exceeding 60 dB and as high as 72.5 dB
in the band from 0.33 to 1.15 THz. These four shielding
cloths demonstrated a good shielding effect against THz
radiation, especially the gray shielding cloth. These cloths
would considerably hinder THz detection if they were to
be applied to aerospace or military equipment.
Thus far, however, most studies have focused on the

shielding effects of materials for electronic equipment;
there has been very little investigation into the protec-
tion of humans against THz radiation. Therefore, one of
the key problems currently facing the field of THz re-
search is the study of materials for the protection of
humans from THz-wave radiation.

Conclusions
As a typical frontier cross-disciplinary science, THz sci-
ence integrates the characteristics of both electronics
and photonics and represents various unique mecha-
nisms and methods that require elucidation, with the
potential to lay the foundation for the next generation of
science and technology and promote the development of
information technology after the Moore era. THz sci-
ence may lead to revolutionary developments and break-
throughs in science and technology, including military
applications. However, studies of the biological effects of
THz radiation are still lacking, far behind the develop-
ment of the corresponding applied research. Therefore,
cross-integration involving physics, biology, medicine,
materials science and other fields should be strength-
ened in the field of THz science to advance the research
and biomedical applications of THz waves. The scientific
problems that have yet to be resolved include the inter-
action between THz waves and biological macromole-
cules, the mechanisms of this interaction, the biological
effects of THz radiation on specific tissues and cells, and
the key technologies and equipment involved in the bio-
medical applications of THz radiation.
The emergence and development of each new major

technology for biological spectroscopy has caused a revo-
lution in the field of biology. As an important strategic re-
source, THz science will contribute immeasurably to the
life sciences and clinical medicine. However, the determin-
ation of whether it can play a role as significant as that of
X-rays still requires a global effort.
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