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Measurement of UV radiation of LED lighting
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Abstract

Many countries and researchers in the lighting field have focused on the LED light source as a

solution to energy savings and environmental pollution. The LED light source consumes less power,

has a long life and is highly economical. It is vibration and shock-resistant, and environment friendly

as well. But LED lighting has some problems. In particular, the photobiological safety of LED light

sources is emerging as an issue. Ultraviolet radiation from the LED light source emitted directly to the

human body over a long period of time is harmful. In this paper, UV radiation from white LED was

measured. Finally, the LED light source emits UV radiation, but it is relatively small when compared to

others.
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1. Introduction 

Over the past several years, many countries

around the world have focused on LED light sources

to save energy and reduce environmental pollution.

For example, the U.S., Korea and Japan have banned

the manufacture and sale of incandescent lamps

which are poor in terms of energy efficiency by 2012

to reduce greenhouse gas emissions. As a substitute,

the environment-friendly LED, which stands up well

to vibration and shock and has a long lifespan, has

drawn great attention from the world. This

mercury- and lead-free light source is also very

economical due to low maintenance cost. As a result,

the LED light industry has dramatically grown

through close cooperation between the government

and the private sector. In fact, LED lighting has

become mainstream in the lighting industry.

However, LED lights do have some problems:

difficulty in generating diffused light and

high-capacity light sources, high luminance at a

certain angle due to strong condensing, necessity of

constant current driving circuit, high manufacturing

cost and heat generation. In addition, photobiological

safety has become a critical issue in LED lighting.

These days, safety is the main issue in UV due to

the depletion of the ozone layer caused by

environmental pollution. The UV region covers

100-400[nm] of wavelength range. Basically, UV

generates vitamin D with sterilizing and disinfecting

effects. UV-A (315-400[nm]) is mostly used in the

Journal of the Korean Institute of IIIuminating and Electrical Installation Engineers (2011) 25(3)：7～14 25-3-2

DOI : 10.5207/JIEIE.2011.25.3.007



8

Measurement of UV radiation of LED lighting

Journal of KIIEE, Vol.25, No.3, March 2011

textile industry, archeology, geological rock

exploration, crime scene investigation, counterfeit

detection and special lighting while UV-B

(280-320[nm]) is used for cosmetic tanning,

photochemical treatment, skin disease treatment,

meteorological testing and medical purposes. In

addition, UV-C (200-280[nm]) is used to sterilize

and deodorize water and air.

Even though UV is widely used in many fields, it

can cause many problems (ex: skin inflammation,

skin cancer, cataracts, skin aging, etc.) if it is

directly irradiated to the human body. People can be

exposed to the UV generated from the LED light

over a long period of time. In the end, it can have a

bad impact on humans, animals, plants and objects.

Considering that UV can be generated from LED

light sources, the UV output from each light source

has been measured using a UV light meter.

2. Characteristics and impact of 

UV lighting

2.1 Characteristics of UV lighting

Since it is known that UV sterilizes, people have

disinfected things through sunlight. UV light is an

electromagnetic wave in the short wave visible light

spectrum. It was first detected by German chemist

J.W. W.Ritter in 1801. He discovered the existence

of light which strongly melanizes silver chloride

outside the violet beams. The abbreviation ‘UV’ was

first used in the 1930s [1].

In LED devices, the energy level differs depending

on the type of materials. This kind of difference

causes differences in wavelength. In other words, a

red light with a long wavelength can be displayed at

a low energy level and a blue light with a short

wavelength at a high energy level [2].

The light in a short wavelength (shorter than

200[nm]) is easily absorbed by the air. Therefore, it

is handled in vacuums only, called ‘Vacuum UV.’

Even if the UV has a long wavelength (300[nm]

or longer), it can cause burns. It has strong

bleaching and fluorescent effects. In particular, the

fluorescent function is used in fungal detection and

gem grading.

2.2 Type of UV light

(1) UV A : 
UV ray with 315-400[nm] wavelength

With the longest wavelength and good

permeability, it can pass through a glass window. It

accounts for up to 95 percent of solar UV radiation

reaching the Earth's surface.

(2) UV B : 
UV ray with 280-315[nm] wavelength

It is the main cause of sunburn (or erythema). It

accounts for about 0.2[%] of solar UV radiation

reaching the Earth’s surface. It is hard to remove

noise when measuring UV B.

(3) UV C : 
UV ray with 200-280[nm] wavelength

It is fatal to creatures on Earth, but it is fully

absorbed by the ozone layer. It is very powerful in

destroying cells and germs, but it is completely

filtered by the ozone layer.

(4) Vacuum UV : 
UV ray with less than 200[nm] wavelength

It is absorbed by all gases so that it is detected

in a vacuum only. Therefore, it is called ‘Vacuum

UV.’ It is easily absorbed by almost all materials

including air. It sometimes emits electrons as

well.
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Table 1. Mechanism and characteristics by type of UV [3]

UV Radiation Applications and Effects Light Sources Mechanism and Characteristics

UV-A

Hemochromatosis,

UV-A-induced cataracts, retinal

damage in aphakic, discoloration,

photo cross-linking

(photocurable resin), counterfeit

detection, crime scene

investigation, archeology

Black light, medical UV-A

fluorescent light,

photochemical mercury

lamp

- Weak energy but long

wavelength à 95[%] of the

UV light reaches the skin

- Passes through window and

thin curtain

UV-B

Generation of negative ions,

erythema, solar dermatitis,

creation of vitamin D, tanning,

medical testing apparatus

Medical UV-B fluorescent

lamp, health-centered

fluorescent lamp,

medium-pressure mercury

lamp

- Main cause of skin cancer

and burn

- Significant impact on skin

aging

- UV blocking

UV-C

Ozone generation, sterilization,

generation of negative ions,

UV-induced ophthalmia

(keratitis, conjunctivitis)

Sterilization lamp,

low-pressure mercury

lamp, welding arc

- Possible to have a significant

impact on the skin with

strong energy

- Blocked by the ozone layer

2.3 Effects of UV light  

The UV ray irradiated to the skin is directly

reflected on the border of skin layers, diffused,

absorbed and permeated by cells, strands or

particles. Then, the absorbed rays cause skin lesions.

UV-A oxidizes melanin and darkens the skin. It

permeates up to the dermis and causes skin cancer

and skin aging [4].

Among the UV rays, UV-C, with the shortest

wavelength, is most hazardous. As the wavelength

is shorter, UV rays generate more energy causing

them to be more harmful to the human body. UV-C

causes chromosome aberrations, kills unicellular

organisms, harms the cornea and causes cancer with

a single wavelength.

UV radiation (UV-B in particular) can cause

cataracts which include tumors and speckling in the

whites of the eyes. All these problems make it

necessary to protect the eyes from UV radiation [3].

There are many factors that cause damage to

materials through lighting. In terms of direct

influential factors, however, radiant energy and UV

radiation time are significant. The effect of radiant

energy is greater at the radiation of a single

wavelength. The effect is also strong in visible rays.

95[%] of photochemical damage is observed in

300-380[nm] UV rays while 5[%] of damage is

detected in visible rays (380-780[nm]). In other

words, photochemical damage mostly occurs in UV

rays [5].

UV rays also help with the generation of vitamin

D. Therefore, an appropriate level of tanning

(10-15 minutes a day) is necessary. The effects of

UV rays differ depending on their intensity to the

skin.

A lack of calcium phosphate due to a shortage of

vitamin D can cause the softening of skull bone

tissue, osteomalasia and rachitic rosary [3].
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Table 2. Risk-group classification by light source safety standards [6]

Category Requirements (Concept)

Risk-free
- No acute damage to the eyes or skin despite irradiation for 8 hours

- No retinal blue light hazard despite gazing at the light for 10,000 seconds (2.8 hours)

Risk Group 1

(Low Risk)

- Light source with no possibility of photobiological damage

- It exceeds the level of the ‘Risk-free’ group.

- No acute damage to the eyes or skin despite irradiation for 10,000 seconds (2.8 hours)

- No retinal blue light hazard despite gazing at the light for 100 seconds

Risk Group 2

(Medium Risk)

- Light source with a possibility of damage even though there is no burden of the retina or

heat discomfort caused by extreme brightness

- It exceeds the level of the RG-1 group.

- No acute damage to the eyes or skin despite irradiation for 1,000 seconds

- No retinal blue light hazard despite gazing at the light for 0.25 seconds

Risk Group 3

(High Risk)

- Light source with a risk of photobiological damage after instant or long-time irradiation

- It exceeds the level of the RG-2 group.

3. Measurement of UV rays in 

each light source and review 

of the results

3.1 Preparation

(1) Measuring equipment – 
In this paper, illuminance, color rendering and UV

radiation on each light source have been measured

under the same conditions using MINOLTA’s UV

RADIOMETER UM-10 (220-300 [nm], 310-400

[nm]) and CS-100[A] (luminance meter) and

SMART SENSOR’s AR823 (lux meter).

Fig. 1. Measuring equipment

(2) Test apparatus – 
A rectangular non-reflective, black-coated box

(30[cm] in length, 120[cm] in width) and a box

whose front is silver-plated (same dimensions) in

consideration of reflected light have been

prefabricated.

Fig. 2. Test apparatus

(3) Test lamp – 
For comparative analysis of various test data,

various lighting fixtures have been selected. In

addition to the LED light source, UV rays,

illuminance, color temperature and color rendering

index have been measured.
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Table 4. Experiment of non-reflected light(5[cm])

Lighting Fixtures Capacity [W] Illuminance [lx] UV-C [µW/㎠] 100 UV-C [µW/㎠/lx] UV-A [µW/㎠] 100 UV-A [µW/㎠/lx]

LED Lamp (H, Daylight) 11 56800 54.7 0.096 0 0

LED Lamp (H, Natural) 11 64200 89.6 0.140 0 0

Incandescent Lamp (K) 100 8450 6.1 0.072 112.9 1.336

Bulb-type Fluorescent Lamp (A) 11 7140 12.8 0.179 49.2 0.689

LED Lamp (P) 3 8430 9.4 0.112 0 0

LED Lamp (K) 3 14600 19.3 0.132 0 0

Black Light (K) 20 115 9.2 8 1242 1080

Infrared Lamp (G) 100 38200 445 1.165 3.7 0.010

Infrared Lamp (P) 150 29800 325 1.090 2.9 0.010

Halogen Lamp (P) 50 92400 313.7 0.340 154.5 0.167

Halogen Lamp (O) 20 82300 234.5 0.285 102 0.124

Fig. 3. Test lamps

3.2 Measuring method

The luminance, color rendering index and color

temperature of each lighting fixture have been

measured in a non-reflective coated box in a

darkroom and an aluminum foil-coated box in which

reflected light was considered. The proximity UV

with 5[cm] of lighting fixture-sensor distance has

been measured.

The UV rays at 220-300[nm] and 310-400[nm]

have been measured, and UV radiation per 100[lx]

has been marked.

※ MINOLTA’s UV RADIOMETER UM-10

ranges up to 220-300[nm], 310-400[nm] and

360-480[nm] in terms of the spectral band.

Therefore, the data which exceed 400[nm] and

include the visible light spectrum have been

excluded. The rays at 220-300[nm] and

310-400[nm] were regarded as UV-C and

UV-A, respectively.

Table 3. Test lamps

Lighting Fixtures
Color

Temperature

Color Rendering

Index

Capacity

[W]

LED (self-ballast, daylight) (H) 3026 88 11

LED (self-ballast, natural) (H) 4895 77 11

Incandescent Lamp (K) 2680 93 100

3-wavelength bulb (A) 5528 84 11

LED Lamp (P) 3487 80 3

LED Lamp (K) 6881 72 3

Black Light (K) - -1 20

Infrared Lamp (G) - 6 100

Infrared Lamp (P) - 34 150

Halogen Lamp (P) 2756 96 50

Halogen Lamp (O) 2958 62 20
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Table 5. Experiment of reflected light (5[cm])

Lighting Fixtures Capacity [W] Illuminance [lx] UV-C [µW/㎠] 100 UV-C [µW/㎠/lx] UV-A [µW/㎠] 100 UV-A [µW/㎠/lx]

LED Lamp (H, Daylight) 11 59700 58.4 0.098 0 0

LED Lamp (H, Natural) 11 78900 95.2 0.121 0 0

Incandescent Lamp (K) 100 9730 7.9 0.08 134.2 1.379

Bulb-type Fluorescent Lamp (A) 11 7920 13.4 0.169 49.7 0.628

LED Lamp (P) 3 9450 9.8 0.104 0 0

LED Lamp (K) 3 22500 21.2 0.094 0 0

Black Light (K) 20 125 10.2 8.16 1347 1077.6

Infrared Lamp (G) 100 45200 582 1.288 3.9 0.009

Infrared Lamp (P) 150 32400 338 1.043 4.8 0.015

Halogen Lamp (P) 50 114200 392 0.343 158.2 0.139

Halogen Lamp (O) 20 84200 238 0.283 107.4 0.128

Fig. 4. UV energy per 100[lx] of test lamp
(non-reflected light)

Fig. 5. UV energy (reflected light) per 100[lx] of
test lamp

3.3 Review of the results

Because no standardized UV measuring methods

or standards were available in the beginning, UV

radiation was measured by randomly taking test

standards based on illuminance and setting the

distance with a sensor to 1m.

When UV rays were measured based on

illuminance, however, the measuring distance with

each light source changed. Therefore, the test failed

to consider the UV rays that are absorbed in the air.

As a result, the test was less reliable. When the

distance with the sensor was set to 1m, the UV rays

absorbed into the air were not considered. As a result,

according to the false data, some lamps emitted a

small amount of (or never emitted) UV rays.

Then, the UV radiation from each light source has

been investigated by setting the light source-sensor

distance to 5[cm]. Analyzing diverse results by

adding more light sources was attempted. According

to a comparison between the non-reflected test and

the reflected light test, both illuminance and UV

levels increased through reflection.
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As the light source-sensor distance got closer,

more UV rays were detected. As a result, the

relationship between the absorption of UV rays in

the air and distance has been confirmed. For the

black light, the illuminance level was very low

compared to the UV level. Therefore, it has been

confirmed that the UV radiation per 100[lx] was

very high. Hence, the black light values were

excluded in the graphs. In the relationship between

non-reflective and reflective light, the test was

performed at close range (5[cm]). Compared to

previous tests, there were no significant numerical

fluctuations between illuminance and UV radiation.

In this test, however, there is a possibility of

reliability error due to a mismatch between the

measurement band and defined band (UV-A, B and

C) and error in measurements which fluctuate

depending on the subtle change in location in the

sensor unit. These problems can be taken care of by

using an appropriate UV meter proposed by CIE and

developing a measuring system which can

systematize and standardize the test and restrict

variables.

4. Conclusion

In this paper, UV radiation which could harm

humans and objects has been measured to

investigate the safety of LED light sources that are

expected to become mainstream in the light industry

in the coming years.

Through several tests, the most reasonable

measuring method has been obtained. The problem

of failing to consider the characteristics of each

lighting fixture has been solved by sorting out the

measured values (µW/㎠) at UV radiation per

100[lx] in order to equally compare them with the

UV radiation per illuminance from each light source.

Based on an analysis of the measured values

which have been summarized as shown above, the

following results have been obtained:

First, no UV radiation has been detected in the

range of 310-400[nm] in LED light sources.

Second, in terms of UV radiation (µW/㎠) per

100[lx], the UV radiation from LED light sources

was not relatively high compared to other light

sources.

In terms of a way to generate white light in order

to use LED as an ordinary light source, there are

two methods: ‘mixed-color white light’ in which a

white color is generated through the balanced

mixture of blue, green and white LED lights and

‘phosphor-converted white light’ in which yellow

fluorescent materials coat the blue LED light [7].

The LED light sources used in this paper have

used ‘phosphor-converted white light.’ It can be

estimated that UV-C has been detected after

detecting the UV rays that have not been used in

generating fluorescent light.

It cannot be said that all LED light sources

generate UV rays. In this paper, however, it has

been confirmed that LED light sources emit UV

rays just like other light sources, but the level of

UV radiation is relatively low. For photobiological

safety, it is necessary to keep reducing UV rays in

lighting. If the problems mentioned in the beginning

of the paper are solved, and the standards and

methods to handle UV rays from LED lighting are

systematized, LED light sources could be used more

safely and efficiently.
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