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TIP NO. 63-002-0422 

Effects of Ophthalmic Lens Properties and Spectrophotometer Type on 
Ultraviolet Cutoff Specification 

 

PURPOSE 
The U.S. Military Combat Eye Protection (MCEP) system and prescription lenses use multiple 
lens materials. The purposes of this study were to examine effects of different ophthalmic lens 
properties (i.e., material, thickness, and curvature) on the ultraviolet (UV) spectral transmittance 
cutoff wavelength (“UV cutoff”) and compare the performance of instruments used for 
measuring the UV cutoff wavelength.  
 

BACKGROUND 
The MCEP system protects military members from ballistic hazards and harmful optical 
radiation such as UV radiation. UV radiation is defined as electromagnetic energy with 
wavelengths from 100 to 400 nanometers (nm). Excessive UV radiation exposure may cause 
acute and long-term cumulative damage to human eyes.1-4 
 
A standard issue MCEP kit includes two pairs of spectacles (i.e., clear and dark). Soldiers and 
Marines often wear clear MCEP outdoors during the day because they may not be able to 
switch lenses in combat or training. Both UV and ballistic fragmentation protection are required 
in all MCEP configurations;5 however, not all MCEP lenses provide “equal” levels of UV 
protection.6 For instance, Gao and colleagues showed that the UV cutoff wavelength (i.e., below 
which the lens’ UV protective quality substantially increases) of MCEP lenses may vary from 
380 nm to 400 nm.7 Thus, the spectacle UV cutoff wavelength is important in force protection 
and risk mitigation. 
 
In addition, DOD prescription lenses also use multiple lens materials based on their optical 
application (private communication, CAPT B. Hatch, Optical Fabrication Program Executor, 
Military Health System). The U.S. military started fabricating prescription spectacle lenses for 
Service members in World War II, during which glass was the conventional lens material.8 In the 
1970s, Columbia Resin 39 (CR-39, hard resin plastic lenses), replaced glass as the DOD’s 
preferred lens choice for its lighter weight, lesser risk of lens shattering, and better optical 
quality than glass. Trivex, another high-impact resistant plastic lens, was introduced in the 
2000s.  
 
CR-39 lenses were phased out of U.S. military spectacles in recent decades because of its 
inferior UV protection compared to other materials. Moreover, any additional UV resistance 
coating of CR-39 lenses increases cost and reduces high velocity impact resistance of the lens. 
Therefore, polycarbonate and some high-index lenses are now the main lens materials for 
military prescription spectacles (e.g., private communication, CAPT B. Hatch).  
 
With the above background, the study objectives were to—  
 

(1) Examine effects of different ophthalmic lens properties on the UV cutoff, depending on 
lens material (i.e., CR-39, polycarbonate, Trivex, and high-index lenses), lens center 
thickness (CT), and base curvature (BC) using a Lambda 1050 UV/Vis/NIR 
spectrophotometer (PerkinElmer, USA); and  
 

(2) Evaluate the effect of changing the spectrophotometer’s bandwidth setting on the 
measured UV cutoff; measure the lenses’ UV spectral transmittance with a different type 
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of instrument (i.e., rapid scan spectrometers); and compare the results using four 
polycarbonate lenses.  
 

METHODS 
All study lenses were plano (i.e., no vision correction). As shown in Table 1, six types of lens 
materials were tested, with four lenses each (24 lenses total). Each four-lens set differed in their 
combinations of lens CT and/or front surface BC.  
 
 
Table 1. Ophthalmic Lens Specifications Studied 

Material 
Diameter 

(mm) 
Power 

Front Base Curve 
(mm) 

Center Thickness  
(mm) 

CR-39 65 Plano* 

4 2.0 

0.5 2.0 

4 1.5 

0.5 1.5 

 
 
Polycarbonate 

 
 

65 

 
 

Plano 

4 1.5 

0.5 1.5 

4 1.0 

0.5 1.0 

Trivex 65 Plano 

4 2.0 

0.5 2.0 

4 1.5 

0.5 1.5 

High-Index 1.60 65 Plano 

4 1.5 

0.5 1.5 

4 1.0 

0.5 1.0 

High-Index 1.67 65 Plano 

4 1.5 

0.5 1.5 

4 1.0 

0.5 1.0 

High-Index 1.74 65 Plano 

4 1.5 

0.5 1.5 

4 1.0 

0.5 1.0 

Note: *Plano indicates lens provides no vision correction. 
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Each lens’ spectral transmittance was measured by the Lambda 1050 spectrophotometer. The 
system scanned through a pre-programmed range of wavelengths in 1-nm steps. The 
spectrophotometer used built-in sources of optical radiation (i.e., a deuterium lamp and a quartz 
tungsten halogen lamp), rotating diffraction grating, and beam splitter configuration so that a 
beam of nearly monochromatic radiation was transmitted through the sample and compared to 
an unblocked reference beam. The signal difference between the sample beam and reference 
beam was used to calculate the sample’s transmittance at a particular wavelength.  
 
The spectrophotometer’s bandwidth setting was 2 nm when measuring the UV cutoff of all lens 
samples [objective (1)], and was changed to 5 nm to re-measure the UV cutoff for the four 
polycarbonate lenses [objective (2)]. Because polycarbonate is the most common lens material 
for MCEP6 and prescription spectacles (private communication, CAPT B. Hatch), only 
polycarbonate lenses were used for spectrophotometer evaluation [objective (2)]. 
 
In addition, for objective (2), the polycarbonate lens’ UV cutoff and spectral transmittance was 
measured with a FieldSpec® 3 Rapid Scan Spectrometer (ASD Inc., Malvern, United Kingdom) 
and a BTS-2048-UV-S Rapid Scan Spectrometer (Gigahertz-Optik, Tuerkenfeld, Germany). 
Unlike the spectrophotometer, the rapid scan spectrometers used detector arrays, which 
measured many wavelengths at once. An external light source was used for this configuration 
(i.e., a quartz tungsten halogen lamp (Model 63355, Oriel Corp. Stratford, Connecticut)), which 
emitted UV, visible, and IR radiation.  

 
RESULTS 
Lens Material. As shown in Figure 1, lens material had the largest effect on spectral 
transmittance at the UV cutoff. The High-Index 1.74 lenses provided more UV protection, and 
the CR-39 lenses provided relatively less UV protection. Figure 1 compares the average 
spectral transmittance for lenses with the same CT (1.5 mm) and BC (4.0 mm). The CR-39 
lenses had the highest spectral transmittance at 400 nm (93%), followed by the polycarbonate 
lenses (69%), Trivex lenses (42%), High-Index 1.60 lens (21%), High-Index 1.67 lens (17%), 
and High-Index lens 1.74 (13%). The CR-39 lenses’ UV spectral transmittance decreased to 5% 
at 361 nm, while the other lenses blocked the UV radiation more effectively. The other lenses’ 
spectral transmittance decreased to 5% at relatively higher (i.e., safer) wavelengths:  
polycarbonate lenses (385 nm), Trivex lenses (393 nm), High-Index 1.60 lenses (396 nm), High-
Index 1.67 lenses (397 nm), and High-Index lenses 1.74 (398 nm).  
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Figure 1. Effects of Lens Material on Spectral Transmittance 

The chart on the left shows the full range of spectral transmittance (up to 100%), and the chart on the 
right highlights the low-transmittance detail (transmittance up to 10%). Spectral transmittances were 
measured at 2 nm bandwidth setting by the Lambda 1050 spectrophotometer (PerkinElmer, USA). 
 
 

Lens Thickness and Base Curve. Changes in lens CT and BC showed minimal effects on the 
measured spectral transmittance. Using the polycarbonate lenses as an example, Figure 2 
shows that increasing the lens CT (1.0 mm vs. 1.5 mm) and BC (0.5 mm vs. 4.0 mm) led to a 
slight increase in protective quality and shifted the transmittance curve slightly to the right (i.e., 
filtered more UV radiation). The spectral transmittance of all four polycarbonate lenses 
decreased to 5% transmittance at approximately 385 nm, regardless of each lens’ CT and BC.   
 
 

 
 

Figure 2. Effects of Lens Center Thickness (CT) and Base Curve (BC) on Spectral 
Transmittance 

At 385 nm wavelength, spectral transmittance of Lens 1 with CT (1.5)/BC (4.0) was 4.8%; Lens 2 with CT 
(1.5)/BC (0.5) was 5.3%; Lens 3 with CT (1.0)/BC (4.0) was 4.1%; and Lens 4 with CT (1.0)/BC (0.5) was 
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4.6%. Spectral transmittance was measured at 2 nm bandwidth setting by Lambda 1050 
spectrophotometer (PerkinElmer, USA). 

 
Spectrophotometer Bandwidth Setting. Adjusting the spectrophotometer’s measurement 
bandwidth had a small effect on the spectral transmittance measurements. Using the 
polycarbonate lenses as an example, Figure 3 shows that using the spectrophotometer’s 5 nm 
bandwidth setting shifted the spectral transmittance curve to the left by ~1 nm, relative to the 
curve measured with the 2 nm bandwidth setting.  
 

 
Figure 3. Effects of Adjusting the Spectrophotometer’s Measurement Bandwidth Setting 

At the 5% spectral transmittance level, the 2 nm bandwidth setting had spectral transmittance at 385 nm 
and the 5 nm bandwidth setting had spectral transmittance at 384 nm. A moving average of the 
transmittances for the four polycarbonate lenses was used for the plot. Spectral transmittance was 
measured by Lambda 1050 spectrophotometer (PerkinElmer, USA). 

 
 
Instrument Comparison. Compared to the PerkinElmer spectrophotometer, the FieldSpec® 3 
Rapid Scan Spectrometer and a BTS-2048-UV-S Rapid Scan Spectrometer could not measure 
< 5% spectral transmittance through the lenses in the UV range (Figure 4). This occurred 
because the lamp’s broad-spectrum emissions caused stray light within the rapid scan 
spectrometers. The stray light caused their UV spectral measurements to be erroneously high, 
especially for the ASDI spectrometer. The Gigahertz-Optik spectrometer was more effective at 
mitigating stray light effects, but was not sensitive enough to measure the low-levels of 
transmitted UV radiation through the lenses at the shorter UV wavelengths.  
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Figure 4. Instrument Comparison 

A moving average of the four polycarbonate lens measurements was used to plot for each 
spectrophotometer. Spectral transmittance was measured by Lambda 1050 spectrophotometer, 
FieldSpec 3 Rapid Scan Spectrometer, and BTS-2048-UV-S Rapid Scan Spectrometer. The two rapid 
scan spectrometer used an external light source, a quartz tungsten halogen (emits UV-visible-IR) lamp 
(Model 63355). 

 
 
DISCUSSION 
Lens material had the greatest effect on the measured UV cutoff. The CR-39 lenses transmitted 
higher levels of UV radiation, between 360 and 400 nm, than the other materials. Polycarbonate 
lenses showed more UV absorbance, and the high-index lenses still showed higher UV 
absorbance, particularly in the 380-400 nm region.  
 

 
Figure 5. Basic Lens Geometry 

Top diagram shows a plus lens: when a convex front surface (positive power) is stronger than a concave 
back surface (negative power) of the lens, the net power of the two surfaces is positive. Bottom figure 
shows a minus lens: when the concave back surface (negative power) is stronger, the net power of the 
two surfaces is negative. A plano lens indicates equal power of the front and back surface and the net 
power of the lens is zero.  
 
 

Figure 5 shows basic lens geometry. Lens center thickness increases with increasing plus-
power for correction of hyperopia (far-sightedness), and a thicker lens shifts its spectral 
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transmittance curve to the right (i.e., filters more UV). For instance, when comparing to a plano 
lens with a CT of 1.5 mm, the cutoff wavelength of a +3.00 diopter lens with a CT of 4.0 mm of 
the same lens material increases from 396 nm to 404 nm at the 5% spectral transmittance 
level.9 
 
A minus lens is for correction of myopia (near-sightedness). To ensure sufficient impact 
resistance, center thickness of a minus lens does not go down to zero. Minimum center 
thickness of a minus lens is around 1.0 mm to 2.2 mm, which is similar to a plano lens. 
 
Current MCEP are plano lenses (i.e., no power). Lens thickness (1.0 mm vs. 1.5 mm) or base 
curve (0.5 mm vs. 4.0 mm) of plano polycarbonate lenses had minimal effects on spectral 
transmittance or cutoff wavelength at the 5% spectral transmittance level. Thus, a UV cutoff limit 
based on plano lens is adequate for occupational safety consideration because (1) a thicker, 
plus-powered lens increases UV protection, and (2) center thickness/base curve of a plano lens 
have minimal effect on UV cutoff. 
 
The Lambda 1050 spectrophotometer was the preferred instrument in this study for measuring 
the UV cutoff. The two rapid scan spectrometers (ASDI and Gigahertz-Optik spectrometers) 
could not measure <5% spectral transmittance with the team’s measurement configuration. The 
FieldSpec 3 rapid scan spectrometer’s spectral irradiance measurements in the UV region were 
distorted by stray light inside the spectrometer housing. This led to measurement data 
suggesting that the lenses transmitted more UV radiation than actually occurred. Stray light 
errors may worsen if the measured light source is a broad-spectrum lamp (e.g., UV-visible-IR), 
which is similar to that used in the team’s measurement configuration. Stray light effects can be 
reduced by using a more-monochromatic light source (e.g., narrowband light emitting diodes or 
rare-gas lamps with strong emission lines at particular wavelengths).10 The Gigahertz-Optik 
spectrometer was more effective at mitigating stray light effects than the FieldSpec 3, though it 
was not as sensitive as the PerkinElmer spectrophotometer at measuring low-levels of UV 
radiation transmitted through the lenses at shorter UV wavelengths.  
 
Note that the spectral transmittances measured by the Lambda 1050 spectrophotometer 
depended on its bandwidth setting. Relative to the 2 nm bandwidth setting, the 5 nm bandwidth 
setting reduced the wavelength by 1 nm at the 5% spectral transmittance level (i.e., shifted the 
transmittance curve to the left). A similar finding was also found in glass material.9 Therefore, 
the instrument test requirements (e.g., bandwidth for measurement) as well as error tolerance 
specifications are critical for quality control measurement of ophthalmic lenses.  
 
CONCLUSIONS 
Spectacle UV cutoff mainly depends on lens material and to a lesser extent on lens BC and lens 
CT. Spectral transmittance of a plano lens is adequate to be used for establishing a UV cutoff 
standard for occupational and consumer protection. Rapid-scan spectrometers are not suitable 
instruments for evaluating the UV protective quality of MCEP or prescription lenses, due to 
possible distorted readings caused by stray light and the spectrometers’ relative lack of 
sensitivity in measuring low signal through lens samples at shorter UV wavelengths. Instead, a 
scanning dual beam spectrophotometer, similar to that used in the team’s study, would be 
preferable. The spectrophotometer’s bandwidth setting can affect the measured UV cutoff; 
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therefore, the spectrophotometer’s bandwidth setting should be described among the test 
specifications. 
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