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Abstract
Objectives: Nowadays more and more newly introduced light sources (tungsten-halogen, compact fluorescent (CFL) 
and light-emitting diode (LED) lamps) are used in households. It is important to know whether their radiation poses 
any possible risk for human health or not. These light sources emit optical radiation not solely in the visible spectrum. 
Other bands emitted by these sources, i.e., ultraviolet and infrared, are potentially hazardous for human health. The 
visible light, especially the blue light, could also damage human retina. The purpose of this study was to determine the 
ultraviolet (UV) and blue light (BL) emissions from halogen bulbs, CFLs and LED lamps, and to evaluate them from the 
point of view of possible health risks for general public. Material and Methods: The exposure of UV and BL emissions 
from 19 types of CFLs, 11 types of halogen lamps and 4 types of LED lamps produced by different manufacturers were 
measured at 200 mm distance from the source. Results: The exposures to UV and BL were below the International Com-
mission on Non-Ionizing Radiation Protection (ICNIRP) exposure limits in spite of the very conservative assumption 
of the assessment. Conclusions: Results of this study indicate that the UV and BL radiation from the newly introduced 
lamps does not exceed the current exposure limit values and thus, in comparison with the former incandescent bulbs, 
does not result in a higher risk for general public.
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INTRODUCTION

In the past century conventional incandescent bulb was al-
most the only source of electric light used in households. 
Due to energy saving policy [1] conventional incandes-
cent bulbs (and other inefficient lighting methods) had 
to be phased out until September 2012. Consumers had 
to replace them with energy efficient light sources such 
as halogen bulbs, compact fluorescent lamps (CFLs) or 
light-emitting diode (LED) lamps. Since currently, these 
light sources are used in the majority of households it is 

important to know whether their optical radiation can 
pose any risk to human health or not.
These sources of light emit mainly optical radiation but 
not solely in the visible spectrum (VIS). There are some 
other ranges of non-ionizing radiation that are emitted by 
these sources and that are possibly hazardous for human 
health, such as: ultraviolet (UV), infrared (IR) radiation 
and intermediate frequency electromagnetic fields [2]. 
Also visible light, especially blue light (BL), can impair 
eyesight. 
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time is 100–1300 s) [16]. Okuno et al. [17] have measured 
various light sources, e.g., welding arc lights, incandescent, 
halogen, LED, fluorescent and arc lamps, with a conclu-
sion that the lamps used in households have low effective 
radiance and mean no hazard (at least in the case of short 
exposure time).
Development of manufacturing and spreading new light 
sources require drawing attention to these questions. The 
purpose of this study was to determine the  UV and  BL 
emissions from halogen bulbs, CFLs and LED lamps, re-
spectively in order to evaluate the possible health risks 
they pose to general public.

MATERIAL AND METHODS

Ultraviolet and  BL emissions from  19 types of  CFLs, 
11  types of halogen lamps and 4 types of LED lamps of 
different manufacturers were measured according to the 
IEC  62471:2006 standard [18]. Distribution of the in
vestigated lamp types is shown in Table 1.
The measurement distance was set at  200  mm, which 
is the minimum distance permitted by the standard 
to simulate the worst case situation during the use of 
lamps. Spectral irradiance of the lamps was measured 
by an  IL783A spectroradiometer (International Light 
Technologies, Peabody, USA) in the 250–400 nm (UV) 
wavelength and by an ILT-900C spectroradiometer 
(International Light Technologies, Peabody,  USA) in 
the 300–700 nm (BL) wavelength range. Both of them 
had a cosine corrected input optics with fused silica dif-
fuser dome. In the case of BL measurements the instru-
ment was set at 0.1 radian by the appropriate masking of 
the source. In addition, a 20 mm circle shaped hole was 
placed in front of the lamp and the irradiance was mea-
sured at 200 mm distance from the hole. The measure-
ment uncertainties were 20% and 18% for UV and BL, 
respectively. Both instruments have a stray light better 
than 0.1%.

The health effects of  UV and  BL radiation have been 
studied for decades. Besides beneficial effects of UV ra-
diation (generation of vitamin D), overexposure to it can 
cause acute (e.g.,  erythema, photokeratitis) and chronic 
(e.g.,  skin aging, melanoma and nonmelanoma skin can-
cer, cortical cataract) skin and ocular diseases [3,4]. In ad-
dition, “exposure to UVR contributes to immunosuppres-
sion, which is increasingly recognized as important in the 
development of skin cancer” [4].
Exposure to BL (300–700 nm with a 438 nm peak) could 
damage retina causing photoretinitis (“blue-light haz-
ard”)  [5]. The age-related macula degeneration (AMD) 
can also be induced by exposure to BL and near UV light, 
especially in the case of aphakic eye [6,7].
In past decades, there were several studies carried out to 
determine the UV radiation from lamps used for residen-
tial lighting (e.g.,  incandescent bulbs, halogen and fluo-
rescent lamps) [8–11]. The results show that these sour
ces of light emit various levels of UV radiation but the 
values are significantly lower than the natural UV irra-
diance coming from the sun. Generally, the emitted UV 
levels from lamps are considered not to be dangerous 
for healthy persons [12]. Bloom et  al. have stated that 
halogen lamps have  UV-C and  UV-B emissions which 
could harm human skin [13]. Early studies about  UV 
radiation from CFLs had different results. Khazova and 
O’Hagan [14] have concluded that the UV emission from 
single-enveloped  CFLs may cause overexposure of the 
skin by desk use. Klein et al. have examined 19 different 
compact fluorescent light bulbs, and they have found that 
despite the low UV irradiance the long time use can lead 
to a significant cumulative damage in the case of pho-
tosensitive people, such as lupus erythematosus [12,15].
There are few reports about the blue-light hazard of 
artificial light sources. Behar-Cohen et  al. have as-
sessed  LED sources and concluded that the cold-white 
and warm-white  LEDs are also in the “low-risk” group 
at 200 mm distance (the maximum permissible exposure 
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(1)

where:
ES – effective ultraviolet irradiance (W×m–2),
Eλ(λ) – spectral irradiance (W×m–2×nm–1),
SUV – actinic UV hazard weighting function,
Δλ – bandwidth (nm).

The near-UV hazard the UV-A irradiance (EUV-A) was cal-
culated using the following formula:

	 �
(2)

where:
EUV-A – UV-A irradiance (W×m–2),
Eλ(λ) – spectral irradiance (W×m–2×nm–1),
Δλ – bandwidth (nm).

The retinal BL hazard weighted radiance was calculated 
by the use of this formula:

	 �
(3)

where:
LB – blue-light hazard weighted radiance,
Lλ(λ) – spectral radiance (W×m–2×sr–1×nm–1),
B(λ) – blue-light hazard weighting function,
Δλ – bandwidth (nm).

After measuring spectral irradiance, the biologically effec-
tive values were calculated according to the standard [17]. 
To assess the possible health risk of the exposure caused 
by the investigated lamps, actinic  UV, near-UV and  BL 
were determined and compared to the relevant exposure 
limit values (ELV).

Applied exposure limit values
Exposure limits of the International Commission on 
Non-Ionizing Radiation Protection (ICNIRP) [19,20] 
were used for the evaluation of safety of the lamps. 
These exposure limit values are equal to the exposure 
limits of exempt group of IEC  62471:2006 standard. 
Lamps that classified into this exempt group do not 
pose any photobiological hazard for unprotected skin 
and eye.
The  ELV for actinic  UV hazard radiant exposure is 
30  J×m–2, which corresponds to  1.042×10–3  W×m–2 ef
fective integrated irradiance for 8-h period. 
The ELV for near-UV radiant exposure is 10 000 J×m–2, 
the irradiance of which is 3.47×10–1 W×m–2 for 8-h period.
The  ELV for  blue light hazard weighted radiance 
is 100 W×m–2×sr–1 for a t > 104 s period.

Applied formulas
For the assessment of actinic UV hazard, the effective ul-
traviolet irradiance (ES) was calculated using the following 
formula:

Table 1. Distribution of the investigated lamps specified by construction, color temperature and transparency

Lamp type
Construction

(n)
Transparency

(n) Total
(n)

linear helical bulba transparent frosted
CFL 11 6 2 0 19 19
Halogen 0 0 11 11 0 11
LED 0 0 4 2 2 4

CFL – compact fluorescent; LED – light-emitting diode.
a The bulb shape means a double-covered lamp with a bulb-shaped housing.
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(e.g., lupus erythematosus) despite the low emission level, 
it is important to consider exposure duration [12].
Another question is whether emission levels are influ-
enced by the construction of the lamps or not. All of 
the investigated halogen lamps were double-enveloped 
(the inner quartz glass is covered by a bulb-shaped glass 
housing) which reduces emissions in the entire UV range. 
Due to this coating, the emission spectrum of these lamps 
is similar to the former incandescent bulbs. However, hal-
ogen bulbs without this layer cause much higher exposure, 
as has been found by Bloom et al. [13]. Therefore, using 
a double-layered halogen bulb is worth considering.
In our study, the investigated compact fluorescent lamps 
had 3 different constructions: linear, helical and double-
coated (‘bulb’). The results showed that the  UV-A irra-
diance is also influenced by their construction: the aver-
age  UV-A emissions from the double-coated  CFLs are 
significantly lower than the emissions from the linear and 
helical models (Figure 2).
Former studies concerning UV radiation from household 
light sources have similar results – namely the UV level 

RESULTS AND DISCUSSION

The biologically effective UV and BL radiation from the 
investigated lamps was calculated and compared to the 
relevant exposure limit values. 
Generally, the measured UV and BL values were below 
the exposure limit values of exempt group. It was so, even 
in spite of the very conservative assumption of exposure 
distance (200  mm) and exposure duration (8  h continu-
ously), which are very unlikely during the intended nor-
mal use of these lamps. Technical specification and the 
calculated biologically effective  UV and  BL radiation 
from the investigated lamps are summarized in Table 2.

Ultraviolet
Correlations between power consumption and the ef-
fective UV irradiation also deserved examination. Since 
the CFLs consume less power to achieve the same lumi-
nous flux (energy per unit time (dQ/dt) that is radiated 
from a source over visible wavelengths) than the other 
light sources, it is more worthwhile to assess the rela-
tionship between the luminous flux (‘brightness’) and 
the measured UV levels.
The CFLs commonly have actinic UV radiation 4 times 
higher than the halogen bulbs of the same ‘brightness’ 
(Figure 1). The average luminous flux and actinic UV 
level of LED lamps are notably lower than those of the 
other sources due to different emission spectrum and 
lower energy consumption. The calculated effective UV 
radiation is below the ELV in every case, therefore, it 
is safe for healthy people provided the lamps are used 
properly. 
The near-UV hazard of measured  CFLs, halogen 
and LED lamps is also acceptable for compliance. Simi-
larly to the full UV range, there is also a difference be-
tween the near-UV emissions from different types of the 
lamps. The UV level of CFLs is higher than that of hal-
ogen or  LED lamps. These exposure levels are safe for 
healthy people. However, in the case of certain illnesses 
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Fig. 1. The relationship between the luminous flux and the 
effective ultraviolet (UV) irradiance (ES) of the investigated 
lamps
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Table 2. The actinic UV (ES), near-UV (EUV-A) and BL (LB) emissions from the investigated lamps*

No. Type Construction Power 
(W)

ES 
(W×m–2)

EUV-A 
(W×m–2)

LB 
(W×m–2×sr–1)

1 CFL linear 11 4.85×10–4 9.09×10–2 7.11×100

2 CFL linear 11 4.23×10–4 6.63×10–2 7.87×100

3 CFL linear 11 3.51×10–4 7.02×10–2 1.44×101

4 CFL linear 11 5.29×10–4 7.02×10–2 1.51×101

5 CFL linear 14 4.43×10–4 1.00×10–1 1.13×101

6 CFL linear 14 2.16×10–4 1.02×10–1 9.25×100

7 CFL linear 15 3.09×10–4 8.55×10–2 1.25×101

8 CFL linear 15 9.47×10–4 1.38×10–1 1.01×101

9 CFL linear 18 5.10×10–4 1.15×10–1 1.30×101

10 CFL linear 20 8.35×10–4 1.79×10–1 1.25×101

11 CFL linear 20 7.40×10–4 1.56×10–1 1.18×101

12 CFL bulba 16 2.71×10–4 2.09×10–2 9.56×100

13 CFL bulb 20 5.13×10–4 4.49×10–2 1.36×101

14 CFL helical 11 4.70×10–4 5.62×10–2 9.52×100

15 CFL helical 11 1.38×10–4 8.46×10–2 9.88×100

16 CFL helical 15 2.71×10–4 1.17×10–1 1.14×101

17 CFL helical 20 5.44×10–4 1.06×10–1 1.03×101

18 CFL helical 20 4.57×10–4 9.46×10–2 1.14×101

19 CFL helical 23 5.38×10–4 1.28×10–1 1.52×101

20 halogen bulb 18 7.00×10–5 4.32×10–3 7.32×100

21 halogen bulb 28 2.40×10–5 9.33×10–3 1.49×101

22 halogen bulb 28 4.90×10–5 2.07×10–2 1.79×101

23 halogen bulb 52 6.00×10–6 3.25×10–2 4.86×101

24 halogen bulb 52 2.74×10–4 5.80×10–2 4.31×101

25 halogen bulb 53 2.90×10–4 3.17×10–2 4.27×101

26 halogen bulb 53 6.10×10–5 5.21×10–2 3.66×101

27 halogen bulb 70 6.07×10–4 4.49×10–2 6.88×101

28 halogen bulb 70 4.75×10–5 3.38×10–2 6.39×101

29 halogen bulb 70 1.86×10–4 6.22×10–2 4.93×101

30 halogen bulb 105 3.48×10–4 1.89×10–2 9.16×101

31 LED bulb 2 7.00×10–6 5.00×10–5 1.21×101

32 LED bulb 2 3.00×10–6 2.00×10–5 4.97×100

33 LED bulb 2 6.00×10–6 1.90×10–5 1.00×100

34 LED bulb 5 2.90×10–5 1.09×10–4 3.59×100

35 incandescent bulb 60 5.00×10–5 3.22×10–2 2.57×100

UV – ultraviolet; BL – blue light.
* Every measured and calculated value is below the relevant ELV.
a The ‘bulb’ construction means a double-covered lamp with a bulb-shaped housing except the incandescent lamp.
Other abbreviations as in Table 1.
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these lamps have low relative emission at the peak wave-
length of the BL hazard weighting function (438 nm). Due 
to this, low emission level of BL hazard radiance reaches 
approximately 1/10 of the ELV. On the contrary, the BL 
radiance of halogen lamps is increasing linearly along 
with the luminous flux. There are few publications report-
ing about the BL radiation of residential lighting. Okuno 
et al. [17] have measured resembling BL values for fluo-
rescent lamps.

CONCLUSIONS

The results of this study indicate that the UV and BL ra-
diation of the newly introduced lamps does not exceed 
the current exposure limit values and thus, in compari-
son with the former incandescent bulbs, does not cause 
a  higher risk for general public. Despite the low  UV 
and  BL radiation, in sensitive subjects an increased risk 
of detrimental skin and eye reactions may occur due to 
the illness or medications used. In addition, the halogen 
bulbs with equivalent luminous flux have lower actinic UV 
emission than CFLs. Therefore, these lamps are safer for 
the purpose of desk lighting. It is difficult to compare our 
results with the formerly published studies since measure-
ments were not made at a standardized distance from the 
sources. The distances lower than 200 mm are irrelevant 
for general household use. The measurements must be 
carried out according to the requested minimal distances 
specified by the international standards.
The rapid development and introduction of new types of 
lamps require continuous monitoring of their hazards and 
assessment of the risks they pose in the future.
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of  CFLs does not exceed the limit values, but at some 
wavelengths (especially in the  UV-C range) it is higher 
than the  UV level of the sunlight and therefore, it can 
lead to a cumulative damage to human health [9,21]. 

Blue-light
The calculated values of BL hazard radiance over all the 
investigated lamps were also under the exposure limit val-
ues. The relationship between the luminous flux and the 
level of BL radiation was also analyzed (Figure 3). The BL 
levels of CFLs and LEDs were nearly constant, with only 
a  minimal rising noticeable at high luminous flux. This 
phenomenon is caused by the emission spectrum since 
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Fig. 3. The blue-light radiance (LB) of the investigated lamps
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