
Ultraviolet (UV) light is an electromagnetic 
radiation with a wavelength shorter 
than that of visible light, but longer than 
X-rays, in the range 10 nm to 400 nm, 
and energies from 3 eV to 124 eV. It is 
named because the spectrum consists of 
electromagnetic waves with frequencies 
higher than those that humans identify as 
the color violet.

The sun emits ultraviolet radiation in the UVA, UVB, and UVC bands. The Earth's ozone 
layer blocks 97-99% of this UV radiation from penetrating through the atmosphere. Of the 
ultraviolet radiation that reaches the Earth's surface, 98.7% is UVA. Although ultraviolet is 
invisible to the human eye, most people are aware of the effects of UV through the painful 
condition of sunburn, but the UV spectrum has many other effects, both beneficial and 
damaging, to human health. An overexposure to UVB radiation can cause sunburn and 
some forms of skin cancer. In humans, prolonged exposure to solar UV radiation may result 
in acute and chronic health effects on the skin, eye, and immune system.
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Many polymers used in plastic consumer products are 
degradable by UV radiation. When exposed to sunlight for a 
prolonged period, discoloration or even cracking of the product 
may occur. Many dyes and pigments may change color after 
exposure to UV radiation. Many polymers used in consumer 
products are degraded by UV light, and need addition of UV 
absorbers to inhibit attack, especially if the products are exposed 
to sunlight. The problem appears as discoloration or fading, 
cracking, and, sometimes, total product disintegration if cracking 
has proceeded sufficiently. The rate of attack increases with 
exposure time and sunlight intensity. 

It is known as UV degradation, and is one form of polymer 
degradation. Sensitive polymers include thermoplastics, such 
as polypropylene, polyethylene, and poly(methyl methacrylate) 
as well as speciality fibers like aramids. UV absorption leads 
to chain degradation and loss of strength at sensitive points 
in the chain structure. They include tertiary carbon atoms, 
which in polypropylene occur in every repeat unit. Aramid 
rope must be shielded with a sheath of thermoplastic if it is 
to retain its strength. The impact of UV on polymers is used in 
nanotechnology, transplantology, X-ray lithography and others 
fields for modification of properties (roughness, hydrophobicity) 
of polymer surface. For example, it is known about smoothing 
effect of vacuum ultraviolet (VUV) on a poly (methyl 
methacrylate) surface.30 

The spectral region is often separated into two parts which are 
of primary concern to human health issues. The UVA spectrum is 
just below the visible spectrum with a wavelength range of 315 
to 400 nm. The UVB region, which is sometime referred to as 
the erythermal region, covers the range from 280 to 315 nm. 

The transmittance spectrum of a material in either region can 
be averaged in order to produce one value which describes the 
amount of UVA or UVB blocking. 

The average transmittance in each region is given by...

Consequently, the percent blocking for UVA and UVB, 
respectively, is…

where T(UVA) and (T(UVB) are expressed as percentages.

 
Materials and Procedure

A Lambda 35 is an ideal UV/Vis spectrometer for measuring 
the UVA and UVB light transmittance of materials. This system 
incorporates a holographic grating to ensure that the stray 
radiation level is very low (<0.01% T), ensuring that the light 
transmission reading near blocking levels is measured accurately. 
If clear materials are required to be measured, the samples can 
be fitted in the normal sample compartment (for films a solid 
sample holder is useful) and the transmission scans collected. 
If the materials are diffuse or scattering (i.e., various packaging 
materials) an integrating sphere accessory is recommended 
(pictured). Light that is scattered by the sample is not fully 
detected with the normal sample compartment configuration.  
An integrating sphere corrects for that light loss, by collecting the 
scattered light at a broad angle to produce an accurate reading. 

Based on the wavelength, UV radiation can be broadly subdivided into UVA, UVB and UVC, with their main characteristics are shown 
in the following table. The ISO standard on determining solar irradiances (ISO-DIS-21348)1 describes the following ranges:
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Though a wavelength range from 400-280 nm is only required 
for UVA and UVB determinations, often full characterization of 
the transmittance of the samples is sometimes a requirement. 
The example plastic sheets and lenses which were scanned for 
this paper were measured from 800 to 280 nm. This is a typical 
set of operating parameters for the Lambda 35:

Wavelength Range: 800 – 280 nm

Slit:   2 nm

Scan Speed:  480 nm/min

Data Interval:  1 nm

Figure 1: Some spectra examples of plastic sheets and plastic lenses acquired with the described method.
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UVA and UVB Calculations

UVWinLab Version 6 has the capability of programming custom equations for incorporating calculations in the final report. The 
equations for UVA and UVB were programmed to do so. In Figure 2 are example results for the spectra shown in Figure 1. 

Figure 2. Calculated UVA and UVB light transmission values and percent blocking values from the example spectra shown in Figure 1. The results were calculated using 
custom equations programmed into the Processing section of the UVWinlab method. 

 
Using the built-in Communiqué Report Builder, a report can be created to display the spectra and calculated results. A report for these 
example samples is shown in Figure 3.

Figure 3. An example of UVA and UVB Light Transmission report. The template for this report was created using the Communique reporting tools of UVWinlab, where 
outputted results such as spectra and tables can be added to the report page by a simple drag and drop sequence. 
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