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Abstract. Ultra-weak photon emission in the visible range 
was measured on palm and dorsal side of left and right 
hand by means of a low noise photomultiplier system. To 
study the dynamics of this photon emission in a 24 h period 
photon emission was recorded in 2 h intervals in 5 
experiments, utilizing strict protocols for dark adaptation 
and recording of subjects. 

Fluctuations in photon emission in the course of 24 h 
period were demonstrated for each anatomic location. 
Mean photon emission over the 24 h period differed both 
between subjects and hand locations. To detect a pattern in 
the fluctuations the mean value for each location of each 
subject in each experiment was utilized to calculate 
fluctuations during the course of 24 h for each anatomical 
location. 

The fluctuations in photon emission in the course of 24 h 
were more at dorsal sides than palm sides. The correlation 
between fluctuations in palm and dorsal side was not ap-
parent. During the 24 h period a change in left-right 
symmetry occurred for the dorsal side but not for the palm 
of the hands. Photon emission at the left dorsal location 
was high at night, while the right dorsal side emitted most 
during the day. 

It is concluded that a daily rhythm in photon emission can 
be recorded from both the dorsal and palm sides of the 
hands. 
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1. Introduction 
Fröhlich postulated coherent electrically polar longi-

tudinal vibrations in biological systems [1-4]. Electrically 
polar vibrations generate electromagnetic field [5]. In 
eukaryotic cells polar vibrations in microtubules of the 

cytoskeleton are excited by energy supply [6], [7]. Elec-
tromagnetic field is generated in a very wide range of 
frequencies as was predicted by Fröhlich [4]. The oscilla-
tions in acoustic [8], megahertz [9], gigahertz [10] and far 
infra red [11] range were detected. Photon emission is 
measured in the visible and UV range of the electromag-
netic spectrum [12-17]. 

Living biological systems, including humans, con-
stantly and spontaneously emit a very small amount of 
photons in the visible and UV part of the electromagnetic 
spectrum (200-800 nm) [12-17]. Terms such as ultra-weak 
photon emission and spontaneous ultra-weak, low-level, or 
dark bio-/chemi-luminescence or biophoton are used to 
describe this phenomenon.  

Human ultra-weak photon emission (UPE) is not seen 
by unaided eye due to its ultra low intensity, of order of 
100-1 photons/s.cm2, corresponding to 10-16 – 10-18 W/cm2. 
The threshold sensitivity of a human eye can be 
individually different, and ranges from 106 - 104 pho-
tons/s.cm2 (10-12 - 10-14 W/cm2). 

There already has been some work done on spatial 
mapping of photon emission intensity [18-20] and it was 
found that there exists a typical anatomic “pattern” 
of photon emission. Temporal variations of photon emis-
sion intensity have been observed on the time scale of 
weeks and months [21], [22]. 

Photon emission displays fluctuations in subsequent 
dwell periods, but already a few minutes of measurement 
yields a reliable mean value of intensity [19]. When photon 
emission intensities over periods of hours were compared, 
their fluctuations demonstrated the instability of the 
complex biological system [19]. However, fluctuations or 
rhythms during the day have not been studied systemati-
cally.  

Spectral analysis of spontaneous emission is com-
monly utilized to identify the molecular origin of photon 
emission. Experimental evidence cumulated, to date, has 
indicated that the spectrum is in the wavelength range 
between 430 and 650 nm [19] corresponding to spectra 
obtained from carbonyl compounds in the excited singlet 
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and triplet states and excited dimers of singlet molecular 
oxygen [23]. Such compounds are formed during the de-
composition of lipid peroxides. Lipid peroxides are very 
common emitters of ultra-weak low emission. A perspec-
tive for a non-invasive diagnostic tool may be created with 
the further research and gathering the necessary set of data. 

The present paper reports on the fluctuations in 
spontaneous photon emission from human subjects in the 
period of hours, recording the photon emission in regular 
time intervals during day and night.  

2. Materials and Methods 

2.1 Measurement System 
A special darkroom (2m x 2m x 1m) and photon 

counting device were used to record photon emission of the 
subjects. Walls and ceiling of that darkroom were covered 
with black matt paint. The temperature of the dark room 
was registered before and after every set of measurement. 
The darkroom could be vented. The darkroom had a bed 
inside and subjects could be easily measured in lying or 
sitting position. The darkroom was built inside a control 
room without windows, and separated by a light tight door 
and black matt curtain to ensure that there is no light 
leakage to the dark room. The control room contained the 
electrical equipment (high voltage supply for 
photomultiplier tube (PMT), PMT shutter and steering 
system), an active air moisture filter, a cooling unit for 
PMT as well as a remote computer system for the pho-
tomultiplier. The control room was illuminated by red 
light. 

 
Fig. 1.  Dimensions of the photomultiplier. 

The photomultiplier tube (EMI 9235 QB, selected type) 
used could be manipulated in three directions. It is a 52-
mm diameter, especially selected, low noise, end window 
photomultiplier that was mounted in a sealed housing 
under vacuum with a quartz window. An additional ring at 
the front of the photomultiplier tube allowed measuring a 
9-cm-diameter area at a fixed distance from the body 
(70 mm) – see Fig. 1. The photomultiplier had a spectral 
sensitivity range of 160–630 nm with two peaks of 30% on 

200 nm and 400 nm. It was maintained at a low tempera-
ture of –25 °C in order to reduce the dark current (elec-
tronic noise). The typical dark current (electronic noise) 
under these conditions was about 5 counts per second 
(cps). The exact value of the dark current was measured 
before and after each measurement of spontaneous photon 
emission and then subtracted to gain the actual photon 
emission. 

2.2 Measurement Protocol 
The protocol included the setting and timing for the 

experiment. Subjects were self-reportedly healthy and non-
smokers. Between the measurements, the subjects kept 
their normal activities. Subjects were dark accommodated 
for at least 1 hour prior to measurement. Practically, the 
subjects were staying in the dim red light of the control 
room. The final part of dark accommodation included a 10 
min period in the darkroom in the same position as the 
measurement was carried out to avoid changes in photon 
emission due to abrupt change of body position. Subjects 
were measured every two hours in time span of 24 hours. 
Measurements were carried out on palm and dorsal sides of 
both hands. 

2.3 Processing of the Data 
Data from each measurement have been automatically 

stored by software for the operation of photomultiplier and 
counting system. Specified scripts of Python programming 
language are utilized for data processing and evaluation. 
MS Office – Excel and Statistica 6.0 were utilized for 
statistical analysis and representation of data in graphs and 
charts. 

3. Results 
Five experiments of whole day (24 hours long) pho-

ton emission measurements were analyzed for (a) mean 
photon emission of different anatomical locations in indi-
vidual experiments, and (b) fluctuations in time of the day. 
Mean values for photon emission are presented in Tab. 1. 
Commonly, palm locations show higher emission than 
dorsal locations. Differences in emissions between left and 
right locations were also observed but were less obvious 
than emission between palm and dorsal sides. 

To study common fluctuations in time, data were 
normalized. The mean over 24 h, taken as 100%, was used 
to normalize the photon count values of each measurement 
series. Then, for each time point the mean over the 5 ex-
periments was calculated. The fluctuations in mean emis-
sion intensity of the hand based on measurements of all 
hand locations and all experiments at different times 
(n=60) are presented in Fig. 2. 

The fluctuations in mean emission intensity of the 
hand based on measurements of all hand locations and all 
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experiments at different times (n=60) are presented in 
Fig. 2. These data show that mean emission of the hand is 
low during the day, rises during the evening and remains 
high during the night. It decreases in the early morning. 
The first measurement is an exception. 
 

Mean ± SEM 

Experiment 
n. 

Left palm Left 
dorsum 

Right palm Right 
dorsum 

1 5.68 ± 0,25 3.54 ± 0,16 7.34 ± 0.34 4.24 ± 0.20

2 5.00 ± 0.17 2.28 ± 0.12 6.29 ± 0.24 3.16 ± 0.22

3 4.69 ± 0.19 2.24 ± 0,21 4,57 ± 0.22 2.62 ± 0,18

4 5.63 ± 0.31 2.60 ± 0,19 7.10 ± 0.29 3.95 ± 0.26

5 6.98 ± 0.57 3.73 ± 0.40 7.46 ± 0.46 3.78 ± 0.22

Tab. 1. Mean values of photon emission [counts/s] from all 
experiments and locations. 

Fig. 2 also presents the fluctuations in emission for both 
dorsal and both palm locations, separately. Data demon-
strate that both sides of hands show qualitatively similar 
emission patterns during the day. Quantitatively, the emis-
sion from dorsal locations fluctuates more than the emis-
sion from palm locations during the day. 

Mean normalized emissions of five 24 h 
long measurements
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Fig. 2. Mean normalized emissions of the five 24 h long 

measurements (11:00-9:00) Every two hours left and 
right palm as well as dorsal sides of the left and the right 
hand were measured. The data are shown for all locations 
(average palm-dorsum), and for palm (palm) and dorsal 
(dorsum) sides separately. 

Finally, the fluctuations in mean (normalized) emis-
sion intensity are calculated for both locations of the left 
hand and both locations of the right hand (Fig. 3). The data 
demonstrate that larger fluctuations occur in emissions of 
the left hand than those of the right hand. 

Left-right symmetry of emission during the day was 
studied. Two types were calculated: (a) left-right symmetry 
of palms, and (b) left-right symmetry of hand dorsum. To 
determine left-right symmetry, the difference in emissions 
between left and right locations was calculated for each 
time of the day. The data are presented in Fig. 4. 
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Fig. 3. Mean normalized emissions of the five 24 h long 

measurements (11:00-9:00) Every two hours left and 
right palm as well as dorsal sides of the left and the right 
hand were measured. The data are shown for both left 
hand locations (left) and both right hand locations (right).  

The data suggest a shift in asymmetry during the day. 
In the period that average emissions are low (lower than 
the normalized value of 100%) the left sides emissions 
were less than the right side emissions. In the periods 
where the average emissions are higher than the 100% 
mean value the left sides emitted more than the right sides. 
However, the shift in relative emission intensities does not 
correspond perfectly to the shift in left-right asymmetry. 
To substantiate this conclusion however, more experiments 
are necessary. 
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Fig. 4. Left-right differences in emission for palm and dorsal 

sides of the hands during the day calculated from the 
mean photon emission for each time period. 

Finally, it was apparent that the asymmetry of dorsal 
sides was greater than the asymmetry of palm sides. 

The shift in the left-right asymmetry was analyzed by 
the utilizing a T-test of dependent samples. Comparing the 
L-R values of the palms in the period 11.00- 21.00 h with 
values in the period 23.00 – 9.00 h, they showed mean 
emission of –4.73 ± 3.11 and +4.21 ± 1.28, respectively. 
This difference was significant (p=0.030). The L-R values 
for the dorsum in the same periods were –12.65 ± 4.79 and 
+12.37 ± 5.61, respectively (p=0.026). 
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4. Discussion 
A 2 h sampling period in a 24 h experiment is on the 

edge of the feasibility of the study, without violation of 
physiology of subjects. In a study on rhythmic patterns of 
spontaneous emission, a frequency of sampling must be 
selected that allows, on the one hand, registration of as 
many time periods within the 24 h experimental period as 
possible, and, on the other hand, to keep physiological 
conditions between recording periods. However, these two 
variables act in an opposite manner: a higher frequency 
increases the accuracy of the pattern, but violates physio-
logical conditions. Therefore, the protocol was limited to a 
2 h sampling period. Each recording period included a 10 
min physiologic adaptation in the dark room followed by 
the recording of the four anatomic locations. 

The number of subjects in this pilot study was limited. 
However, data evaluation yielded interesting and useful 
results even from this small group of subjects. The data 
suggest that this protocol is sufficient for an accurate study 
on the issue of diurnal rhythms in human ultra-weak 
photon emission. 

It is concluded that intensity as well as left-right 
symmetry vary diurnally, suggesting similar fluctuations in 
endogenous pro- and anti-oxidative capacities. A few 
studies have focused on such diurnal rhythms. It has been 
estimated in rats that lipid peroxidation levels increased 
progressively during the night and started to decline in the 
morning [24[, [25]. 

5. Conclusion 
The aim of this experimental work was to collect 

more information about the dynamics of human photon 
emission fluctuations in the interval of 24 hours, since the 
data concerning dynamics of human photon emission 
found in the literature are rather scarce and oriented more 
on the long term observation in time intervals of weeks and 
months. 

It was found that observed diurnal fluctuations of the 
photon emission intensity as well as left-right asymmetry 
are not negligible. The knowledge about diurnal rhythms in 
photon emission intensities and symmetry are crucial for 
evaluation of any further experiments that rely on 
comparison between left and right anatomical locations, 
particularly in the case of left-right asymmetries in patients 
[21], [22] to avoid false conclusions. 

If, however, this peculiar rhythm is better understood 
through further research, this new set of data may serve as 
a perspective for a non-invasive diagnostic tool. 
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