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Exposure Guideline and biological 
effects of THz radiation

1. Exposure Guidelines at THz frequencies by ICNIRP
ICNIRP: International Commission on Non-Ionizing Radiation ProtectionICNIRP: International Commission on Non Ionizing Radiation Protection

2. Biological Effects of MMW (30-300 GHz)
3 Results of THz-BRIDGE3. Results of THz BRIDGE

THz-BRIDGE: Tera-Hertz radiation in Biological Research, Investigation
on Diagnostics and study of potential Genotoxic Effects

4. Fröhlich Hypothesis
5. Summary 

16.7.2012 Slide 2 Iwao Hosako, NICT/Japan



Doc.:IEEE 802.15-12-0376-00-0thz_Exposure_Guideline_THz radiation

h // i i d /http://www.icnirp.de/

16.7.2012 Slide 3 Iwao Hosako, NICT/Japan



Doc.:IEEE 802.15-12-0376-00-0thz_Exposure_Guideline_THz radiationJuly  2012

16.7.2012 Slide 4 Iwao Hosako, NICT/Japan



Doc.:IEEE 802.15-12-0376-00-0thz_Exposure_Guideline_THz radiation

http://www icnirp de/documents/StatementEMF pdf

July  2012

http://www.icnirp.de/documents/StatementEMF.pdf

Statement on the "Guidelines for limiting exposure to time-varying electric, 
magnetic and electromagnetic fields (up to 300 GHz). Health Physics 97(3):257-
259; 2009259; 2009.

Basic restrictions
Different scientific bases were used in the development of basic exposure p p
restrictions for various frequency ranges:

Between 1 Hz and 10 MHz, basic restrictions are provided on current density to 
prevent effects on nervous system functions;

Between 100 kHz and 10 GHz, basic restrictions on SAR are provided to prevent 
whole-body heat stress and excessive localized tissue heating; in the 100 kHz–10 
MHz range, restrictions are provided on both current density and SAR; and

B 10 d 300 GH b i i i id d d iBetween 10 and 300 GHz, basic restrictions are provided on power density to 
prevent excessive heating in tissue at or near the body surface.
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Note:  For frequencies exceeding 10 GHz, Seq, E2, H2, and B2 are to be averaged over any 68/f 1.05-min period (f in GHz).

Note:  For frequencies exceeding 10 GHz, Seq, E2, H2, and B2 are to be averaged over any 68/f 1.05-min period (f in GHz).
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Guidelines on Limits of Exposure to Laser Radiation of Wavelengths between 180 nm 
and 1 mm. Health Physics 71 (5): 804-819; 1996.
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R i f Bi l i l Eff t f MMW (30 300 GH )Review of Biological Effects of MMW (30-300 GHz)
Bioelectromagnetics 19:393–413 (1998)

The studies reviewed demonstrate effects of low intensity MMW (10 mW/cm2 and less) on cell growth and
proliferation, activity of enzymes, state of cell genetic apparatus, function of excitable membranes, peripheral
receptors, and other biological systems. In animals and humans, local MMW exposure stimulated tissue repair
and regeneration, alleviated stress reactions, and facilitated recovery in a wide range of diseases (MMW
therapy) > 1 mW/cm2 = 10 W/m2 (ICNIRP Guideline for General Public)

Physicochemical Effects
Influence at the Subcellular, Cellular and Tissue Levels

Eff H E h

 1 mW/cm  10 W/m (ICNIRP Guideline for General Public)

Mainly, f < 100 GHz
Effects on Human Erythrocytes
Effects on Growth Rate
Effects on Proteins, Chromosomes and Genes
Eff t M b ThermalEffects on Membranes .

Influence at the Organism Level
Effects on Receptors
Animal Studies

Thermal 
v.s. 

Non-thermal
Animal Studies
Influence on SurfaceWounds
Influence on Organism Self-Repair
Influence on Tumor Growth
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What the Terahertz Bridge had doneWhat the Terahertz Bridge had done
Evaluation of genotoxic effects on human peripheral blood leukocytes following in vitro 
exposure to THz radiation.

Overall, the findings of present investigations have demonstrated that, 20 min THz exposures of whole blood 
samples, at 120 and 130 GHz, in different exposure conditions, do not induce neither direct DNA damage in 
human leukocytes, nor long lived damage in human lymphocytes. These results suggest that THz exposure, 
in our experimental conditions, cannot produce genotoxic effects by directly causing DNA damage.

Evaluation of genotoxic effects on lymphocyte cultures following in vitro exposure to THzEvaluation of genotoxic effects on lymphocyte cultures following in vitro exposure to THz 
radiation
Both genotoxic and epigenetic effects are induced in lymphocytes following exposure to CW 100 GHz
radiation of 0.05 mW/cm2 intensity when the exposure period exceeds one hour. The induced effects seem
to saturate already for short exposures Although the reported effects have been observed on cells directlyto saturate already for short exposures. Although the reported effects have been observed on cells directly
exposed to THz radiation, without the shielding effect of the human body, they occurred at a relatively low
intensity when compared to the exposure limits set by the ICNIRP guidelines (1mW/cm2 for general public
exposure and 5mW/cm2 for occupational exposure). More experiments are needed to establish accurate
doseresponse relationshipsdoseresponse relationships.

Effects on membrane model systems
Our results indicate that terahertz fields can affect lipid bilayer permeability; we observed an increase in
substrate permeation rate across the liposome bilayer (DPPC:Chol:SA = 5:3:2) over two minutes ofp p y ( )
exposure to 130 GHz radiation with a pulse repetition rate of 7Hz and an incident intensity of about 7.8
mW/cm2.
To verify the specific role of carrier frequency and pulse repetition rate in eliciting the THz-induced effect,
additional experiments have been conducted changing the carrier frequency from 130 GHz to 3 GHz.
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p g g q y
Continuous wave (CW) irradiation was also performed at a carrier frequency of 150 GHz. No effects were
observed in the two latter cases.
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Effects on epithelial models
No changes compared with the unexposed controls, in terms of cell activity (Resazurin assay) or
differentiation (Fluorescein Cadaverine assay), or barrier function in terms of the air liquid interface
models (sodium fluorescein assay), were observed with any of the exposure conditions. It was also found
that no damage in terms of cell activity, measured via oxidative stress, or differentiation was caused to

Effects on epithelial models

g y, ,
ND7/23 cells or human keratinocytes. This was also true even if the cells were stressed by the surfactant,
sodium lauryl sulphate, which could form a residue on the skin of patients, prior to GHz exposure. Hence
we are reasonably confident that the THz/GHz exposure rendered to potential patients by the Teraview
imaging system is not potentially harmful at least upon one exposure and probably a few exposures.

Evaluation of biological effects on DNA bases
From the analysis of the mass spectra, and the number of photons, which were required to break one CN
bond, it was found than the damage on the DNA bases under high irradiation conditions is only thermal,
with no indication of any photochemical damage.

g g y p y p p p y p

y p g

The results indicate that under various exposure conditions no biological effects could be detected.
However, under some specific conditions of exposure, change in membrane permeability of liposomes was
detected and an induction of genetoxicity was observed to occur in lymphocytes These studies suggest that

CONCLUSIONS

detected and an induction of genetoxicity was observed to occur in lymphocytes. These studies suggest that
medical imaging employing appropriate exposure parameters is probably unharmful at least for single
exposures. Moreover, since some effects were observed to be induced by the THz radiation at a relatively
low intensity when compared to the limits set by the ICNIRP for exposure, these studies should be extended
to establish more accurate dose response relationships This is expected to provide in future improvedto establish more accurate dose-response relationships. This is expected to provide in future improved
guidelines of exposure.

Different THz sources have been employed for irradiation studies, including 
a Backward-wave oscillator operating at 100 GHz, 
a Compact Free Electron Laser operating in the frequency range between 90 and 150 GHz, 

16.7.2012 Slide 17

p p g q y g ,
a solid state IMPATT diode operating at 150 GHz and 
a laser driven solid state source operating in the range between 0.3 and 3 THz. 
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Fröhlich Hypothesis

Metastable states in membranes suggest that the space and time dependent 
oscillations due to the polarisation properties of the molecules in the membrane are 

Fröhlich Hypothesis 
(Electric Resonant Longitudinal Vibration of Cell Membrane)

coupled nonlinearly to the electric field and this results in chaotic oscillatory behaviour. 
The transition from a non‐polar to a highly polar metastable state becomes established 
when a system is forced into large amplitude electrical vibrations through supply of 
energyenergy. 
Excitations of coherent modes of large molecules, the supply of energy to these

modes leads to coherent excitation of a single mode provided the energy supply is
larger than a critical value.g

Fundamental frequency may be approximately 75 GHz using d=10 nm, and v=1500 m/s                    
(d: membrane thickness v: acoustic velocity of water)

But water molecules or proteins around the cell 
membrane may cause the vibrational frequency 

Lipid 
bilayer

Lipid

However, the mechanisms have been insufficiently studied
because of the lack of widely tunable MMW&THz source

become lower… 
Lipid

Protein
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because of the lack of widely tunable MMW&THz source.

*1 H. Fröhlich, “The extraordinary dielectric properties of biological materials and the action of enzymes,” Proc. Natl. Acad. Sci. USA, 1975, 72, p. 4211. 
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Summary
1 Exposure Guidelines at THz frequencies by ICNIRP1. Exposure Guidelines at THz frequencies by ICNIRP

There is a gap at 300 GHz 

2 Biological Effects of MMW (30-300 GHz)2. Biological Effects of MMW (30-300 GHz)
Lots  of biological  effects has been reported
Exposed powers were sometimes larger than ICNIRP guideline

Difficult to distinguish thermal or non-thermal effects

3. Results of THz-BRIDGE
N bi l i l ff t ld b d t t dNo biological effects could be detected. 

4. Fröhlich Hypothesis
Electric Resonant Longitudinal Vibration of Cell MembraneElectric Resonant Longitudinal Vibration of Cell Membrane

 This might cause biological effects
Lots of researcher will try to this issue.
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