
 

 

 

 

 
 

 

 

 

The Effects of Ultraviolet Radiation on Aircraft Crewmember Health 
 
 
 
 

By 
 

Erin Johnston 
 

 
 

A thesis submitted to the College of Aeronautics 
Florida Institute of Technology 

in partial fulfillment of the requirements 
for the degree of  

 
 
 

Master of Science 
in 

Human Factors in Aeronautics 
 
 
 

Melbourne, Florida 
July, 2021 



 

We the undersigned committee hereby approve the attached thesis, 
“The Effects of Ultraviolet Radiation on Aircraft Crewmember Health,” 

by 
Erin Elizabeth Johnston 

 
 

 
 
 
Deborah Carstens, Ph.D. 
Professor 
College of Aeronautics 
Major Advisor 
 
 
 
 
 
Victoria Dunbar, Ph.D. 
Associate Professor 
College of Aeronautics 
 
 
 
 
 
Heidi Hatfield Edwards, Ph.D. 
Professor 
School of Arts and Communication 
 
 
 
 
 
Ulreen Jones-McKinney, Ph.D. 
Assistant Professor and Dean 
College of Aeronautics 



 
 

iii 

Abstract 
 

Title: The Effects of Ultraviolet Radiation on Aircraft Crewmember Health 

Author: Erin Johnston 

Major Advisor: Deborah Carstens, Ph.D. 

Ultraviolet (UV) radiation and its effects on crewmember health will be evaluated 

by examining the variables that impact the intensity of UV radiation and the health 

concerns associated with this exposure. The purpose of this study was to (a) 

identify how Ultraviolet A (UVA) exposure is different in an aircraft cockpit when 

compared to the exposure at sea-level and (b) expose the adverse health impacts 

associated with an increased exposure of UVA radiation. This was accomplished 

through an examination of UV radiation and the variables that impact its 

effectiveness. After this analysis, the adverse health impacts experienced from UV 

radiation were discussed: skin damage, ocular damage, and immunosuppression. 

These areas are essential as they all relate to how crewmember health is impacted 

by UV radiation. Next, a quantitative experimental design was conducted by 

examining and analyzing archival data of UVA radiation measurements previously 

collected in the cockpit of a Citation X. By so, a greater understanding of UV 

radiation exposure in the cockpit was obtained and these findings can add to the 

current body of literature in this area. 

Keywords: UV, UVA, Ultraviolet, Radiation, Aircraft, Crewmembers, Skin 

Damage, Ocular Damage, Immunosuppression, Citation X 
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Chapter 1 
Introduction 

 

Ultraviolet (UV) radiation exposure experienced by aircraft crewmembers 

has become an increasingly concerning issue. While more modern research is 

bringing to light the occupational hazard experienced by aircraft crewmembers as a 

direct result of their sun exposure, there is still much to learn about this topic. Most 

of the research on the topic of UV radiation experienced in aircraft has come 

throughout the last 15 years. Because most of the research has only been done with 

this century, this topic is still considered rather new. And due to the recency of this 

body of literature, this study aims to add more research findings and aid in the 

development of this topic. 

Problem Statement 
The current body of literature on UV radiation in aircraft cockpits is still in 

its infancy with a greater emphasis on research studies growing with each year. 

However, the majority of the studies conducted involved commercial aircraft 

within the last decade. There is still a lack of understanding of the effects 

experienced by various aircraft manufacturer’s windshields.  

The material of an aircraft windshields makes a large impact on the 

protection received from UV radiation. This will be discussed further in Chapter 2. 

Through researching more aircraft, there can be a better understanding of the 

amount of UV protection provided by aircraft windshields. Furthermore, this 

research will assist in identifying the UV radiation pilots are exposed to and how 

pilots can protect themselves from these occupational hazards associated with UV 

exposure from specific aircraft. 

The purpose of this study is to add to the current body of literature by 

identifying the UV radiation aircraft crewmembers are exposed to while operating 
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an aircraft. This study aims to identify the amount of UV radiation transferred 

through a Citation X windshield. Additionally, the study findings will assist in 

identifying the relationship between this amount of UV exposure and skin damage, 

ocular damage, and immunosuppression. Lastly, the UV exposure experienced in 

an aircraft will be compared to the exposure experienced at sea-level to determine 

if there is a statistically significant difference in exposure. 

Literature has been examined and a relationship between adverse health 

impacts and UV radiation was identified in past research studies. This study will 

examine the specific health effects faced from this relationship. Additionally, the 

increased exposure of UV radiation in the cockpit will similarly be addressed. In 

doing so, these adverse effects can be identified, and responses can be made to 

ensure that these impacts can be mitigated. 

Operational Definitions 
 In this study, there are various terms that will be referenced. The operational 

definitions of these terms are identified and discussed in this section. Ultraviolet 

radiation, or commonly referenced as UV radiation, is the non-ionizing radiation 

emitted from the sun. UV radiation is composed of various types: UVA, Ultraviolet 

B (UVB), and Ultraviolet C (UVC). However, when discussing UV in general 

terms, this encompasses every type (A, B, & C) within the UV spectrum. 

 Sea-level, as the name suggests, is the average level of the surface of 

Earth’s bodies of water. This term is typically used as a reference for measurement. 

In this research, the reference will be used frequently as a comparison of various 

UV exposures based on altitude.  

 UV Irradiance is a way to measure the intensity of UV radiation. It is 

essentially the radiant power of a particular measured UV light. The irradiance is 

measured at a specific wavelength in watts (W) or in milliwatts (mW) per square 

centimeter (cm2). 
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 Non-ionizing radiation exists on the electromagnetic spectrum, is composed 

of low energy wavelengths, and has the ability to heat objects. 

 The UV Index (UVI) is a unitless measure of the UV radiation. It is globally 

accepted way to measure and reference UV radiation emitted from the sun. 

 The Federal Aviation Administration (FAA) is a government agency that 

operates within the U.S. Department of Transportation. 

 A UV spectrometer is a tool used to measure the intensity of UV light. 

Some spectrometers measure specific portions of the UV spectrum (UVA, UVB, 

and/or UVC). The areas measured will typically be specified. Without 

specification, the assumption will be the entire UV spectrum is measured. 

 The American Conference of Governmental Industrial Hygienists (ACGIH) 

is a non-governmental organization that establishes employee occupational, safety-

related threshold limits and recommendations. 

 The Occupational Safety and Health Administration (OSHA) is a 

government agency that operates within the U.S. Department of Labor. 

Background 
While the current research on UV radiation and its impact on aircraft 

crewmembers is modern, UV radiation itself is not by any means a new discovery. 

Johann Wilhelm Ritter first discovered UV radiation in 1801 when he observed an 

invisible light beyond the optical region of the electromagnetic spectrum 

(Swinburne University of Technology, n.d.). The health impacts associated with 

UV exposure would not be identified until much later after this discovery. Though, 

now the relationship between skin cancer and UV radiation has been well 

established. This relationship was expected by physicians in the late 19th century, 

and these expectations were confirmed in the early 20th century through animal 

experiments (de Gruijl, 1999).  
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Studies are still emerging in the 21st century that expose the harmful effects 

from sun exposure. One particular study by Brieva & Gordon (2012) presented an 

image of a truck driver with continual sun exposure on one side of his face. This 

image depicted below became rather famous because of the shocking nature of the 

aging effects of UV radiation.  

Figure 1 

69-year-old Truck Driver’s Sun Exposure 

 

Note. An image of the 69-year-old truck driver with perpetual sun exposure on the 

left side of his face (Brieva & Gordon, 2012). 

Now, the Federal Aviation Administration (FAA) has sponsored studies to 

further identify the hazards of optical radiation experienced by aircraft 

crewmembers with one of the first studies on this topic completed in 2007. In this 

study, Nakagawara et al. (2007) observed and evaluated several aircrafts’ 
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windshields and their ability to block UV light. This study identified the hazards of 

exposure in various aircraft. Since this study, there has been more modern 

evaluations of this topic, but this topic would still benefit greatly from more 

research. 

In the current study, UV radiation and its effects on crewmember health will 

be evaluated by examining the variables that impact the intensity of UV radiation 

and the health concerns associated with this exposure. First, UV radiation and the 

variables that impact its effectiveness are examined. After this analysis, the major 

negative health impacts experienced from UV radiation are identified: skin damage, 

ocular damage, and immunosuppression. These areas are essential as they all relate 

to how crewmember health is impacted by UV radiation. Then this study analyzes 

the archival data of UV exposure in a Citation X to further add to the body of 

literature examined. This study aims to outline the adverse health effects faced by 

aircraft crewmembers from UV radiation and the UV radiation intensity 

experienced in the cockpit. 

Research Questions (RQs) and Hypotheses 
The purpose of this study is to (a) identify how UVA exposure is different 

in an aircraft cockpit when compared to the exposure at sea-level and (b) expose 

the adverse health impacts associated with an increased exposure of UVA radiation. 

This will be accomplished through a quantitative experimental design by 

examining and analyzing archival data of UVA radiation measurements previously 

collected in the cockpit of a Citation X. 

In this section, both the research questions as well as hypotheses of this 

study will be discussed. While the general research questions outlined will attempt 

to identify the “how” and “why” questions involving UVA radiation exposure, the 

hypotheses aim to determine a general existence of increased UVA radiation 

exposure in the cockpit. As will be discussed in Chapter 2, the amount of UVA 
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radiation pilots are exposed to while in the cockpit is still largely unknown. 

Therefore, this study will answer the following research questions: 

RQ1: How does UVA radiation exposure change with altitude in an aircraft 

cockpit? 

RQ2: Does UVA radiation exposure in an aircraft cockpit increase linearly 

with an increase in altitude? 

In addition to these various research questions, the following are the 

hypotheses this study aims to test: 

H01: There is no significant increase in UVA radiation exposure in a 

Citation X at cruising altitude when compared to the exposure at sea-level. 

H11: There is a significant increase in UVA radiation exposure in a Citation 

X at cruising altitude when compared to the exposure at sea-level. 

H02: UVA radiation exposure does not increase with altitude in the Citation 

X. 

H12: UVA radiation exposure increases with altitude in the Citation X. 

Significance of the Study 
The more information provided to crewmembers with respect to the 

occupational hazards they experience, the better equipped pilots can be to protect 

themselves while operating their respective aircraft. As it currently stands, the 

existing body of literature on this topic is still in its infancy, and this study is 

important to grow that existing body of literature. As previously mentioned, by 

researching more aircraft, there can be a better understanding of the amount of UV 

protection provided by aircraft windshields. Furthermore, this research will assist in 

identifying how pilots can protect themselves from these occupational hazards 

associated with UV exposure from specific aircraft. 
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While there is no tracking of UV radiation in aircraft crew members, the 

FAA has taken action to make the information accessible to the public regarding 

crewmembers’ exposure to cosmic radiation. In fact, the FAA operates a Solar 

Radiation Alert (SRA) System to aid the aerospace community and other members 

of the flying public in their decision-making with respect to ionizing radiation. This 

system continually evaluates proton flux measurements on Geosynchronous 

Operational Environmental Satellites (GOES) (Copeland, et al., 2009).  

 If these measurements indicate the likelihood of a substantial increase in 

ionizing radiation levels, the FAA’s Civil Aerospace Medical Institute (CAMI) will 

issue a SRA to the National Oceanic and Atmospheric Administration Weather 

Wire Service (NWWS). These messages can be received by individuals interested 

in subscribing to the NWWS. These messages can also be referenced to those not 

subscribed by visiting their website at https://www.swpc.noaa.gov/products/alerts-

watches-and-warnings (Copeland et al., 2009). For operators using these alerts and 

data, it is recommended to minimize flight time at altitudes that exceed the 

recommended maximum flight altitude listed on the respective Solar Radiation 

Alert (Copeland & Friedberg, 2003).  

 In addition to monitoring the alerts for increased cosmic radiation 

intensities, one can also observe and monitor one’s individual exposure throughout 

the year. An interactive program allows anyone interested in calculating the amount 

of radiation exposed to on any flight. The program called CARI-6 can be reached 

through the Radiobiology Research Team’s Website, 

https://jag.cami.jccbi.gov/cariprofile.asp (Copeland & Friedberg, 2003). Similarly, 

astronauts are required to wear sensors that track and add up their total radiation 

exposure over time (ESA, n.d.). While astronauts are equipped with space suits, 

these measurements and tracking allow for a greater understanding of the radiation 

exposure experienced at the extreme altitudes that astronauts experience. Because 

of the existence of these programs and alerting systems, it’s all the more imperative 



 
 

8 

to continue studying UV exposure to assist in gathering information to allow for 

similar programs that could be incorporated for UV exposure in the future. 

Generalizability 
 The results of this study can be generalized to the accessible population of 

all pilots of aircraft with the same windshield as the Citation X. This Citation X 

aircraft windshield was manufactured by PPG aerospace and is composed of a 3-

ply Herculite II glass design, Urethane, and/or PVB interlay between each ply and 

an anti-static coating composed of propriety material. The aircraft that share this 

windshield composition include various Citation aircraft. The specific aircraft 

include the Citation VII, Citation Excel, Citation Sovereign, CJ4, Citation Mustang, 

Citation Latitude, Citation Longitude, Citation Denali, and Citation SkyCourier. 

Although the archival data was collected from one specific Citation X, the findings 

from this study can be generalized to all pilots operating the Citation X and aircraft 

with the same windshield previously listed. It is important to note that all aircraft 

windshields vary, so the specific archival data from the Citation X can only be 

generalized to aircraft with the same windshield. The impact of the aircraft 

windshield on UV radiation transmittance is discussed in Chapter 2. 

Limitations and Delimitations 
 Due to the compressed timeframe of this study and limited financial 

resources, this study will focus on the archival data limited to the Citation X. 

Additionally, due to the nature of the type of UV radiation typically blocked by 

windshields, it was determined that measuring UVA radiation, specifically, would 

be more beneficial. This topic will be discussed further in Chapter 2. The data is 

also limited in how it can be compared and analyzed. Because of the nature of the 

data, it can only be compared to the exposure experience at sea-level. Because the 

irradiance values were not depicted in the raw data, this analysis cannot include any 

comparisons to occupational limitations of UV exposure discussed at length in 

Chapter 2. 
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Meanwhile, the delimitation included the choice made to minimize the 

scope of the study population. This study delimited the area of focus to a particular 

location in the aircraft. The UV radiation measurements of interest are only in the 

cockpit, so the population is limited to pilots and will not include flight attendants 

or passengers. 
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Chapter 2 
Review of Related Literature 

 

Introduction  
In this chapter, UV radiation and its effects on crewmember health are 

evaluated by examining the variables that impact the effects of UV radiation and 

the health concerns associated with the exposure. Previous studies on UV radiation, 

skin damage, ocular damage, immunosuppression, and UV exposure in the cockpit 

are examined. Despite past studies on the positive effects of UV radiation, the 

scope of this chapter is limited to the negative effects of this exposure and how the 

effects are potentially amplified while in an aircraft cockpit.  

This evaluation first examines UV radiation and the variables that impact its 

effectiveness. While other factors impact UV radiation exposure, such as sun 

elevation, latitude, cloud cover, and ground reflection, only the specific items 

related to UV radiation experience in an aircraft cockpit are examined. After this 

analysis, the remainder of this chapter analyzes the major adverse health impacts 

experienced from UV radiation: skin damage, ocular damage, and 

immunosuppression. These areas are essential as they all relate to how 

crewmember health is impacted by UV radiation. By doing so, the review examines 

the potency of UV exposure in the cockpit and adverse health effects from this 

exposure. 

Ultraviolet Radiation 
 UV radiation is one type of non-ionizing radiation and electromagnetic 

energy mostly invisible to the human eye (World Health Organization, 2016). This 

type of radiation is also classified as a “complete carcinogen” because it is both a 

non-specific damaging agent and a mutagen that has the properties of both a tumor 

initiator and promoter (D’Orazio et al., 2013). 
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UV radiation effectively represents only a small portion of the total 

electromagnetic spectrum, but this type of radiation is responsible for a wide range 

of effects (Radosevich, 2014). Radiation found in the Electromagnetic Spectrum is 

categorized by wavelength. Typically, shorter wavelength radiation contains the 

highest energy and is considered the most dangerous. These high-energy rays are 

generally more dangerous and include Gamma rays, X-rays, and UV rays 

(Michaud, 1999). 

UV radiation covers the wavelength range of 100-400 nm (World Health 

Organization, 2016). The wavelengths of this radiation fall between x-rays and the 

visible light spectrum and the details of these wavelength ranges are depicted in 

Figure 2. 

Figure 2 

Electromagnetic Spectrum: UV Rays 

 

Note. A visual depiction of the electromagnetic spectrum (Canadian Centre for 

Occupational Health & Safety, 2017) 

The most common producer of this electromagnetic energy is sunlight 

which creates three types of UV radiation: UVA (315-400 nm), UVB (280-315 
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nm), and UVC (100-280 nm). The main differences between these three categories 

are their wavelengths and ozone and skin penetration capabilities.  

UVA rays have the longest wavelengths and are mostly transmitted through 

the atmosphere. The UV radiation that reaches the Earth’s surface comprises 95% 

UVA (Radosevich, 2014). Due to the long wavelength of UVA, its rays and can 

penetrate the middle layer of one’s skin.  

Meanwhile, UVB rays have shorter wavelengths than UVA, while still 

longer than UVC, and are also transmitted through the atmosphere. However, some 

UVB rays are absorbed by the Earth’s ozone such that the UV radiation the reaches 

the Earth’s surface is composed of 5% UVB radiation (Radosevich, 2014). Due to 

UVB’s shorter wavelength, the rays tend to reach the outer layer of one’s skin.  

Lastly, UVC rays have the shortest wavelengths, but these rays are typically 

completely absorbed by the Earth’s ozone. In fact, humans are only exposed to 

UVC through lamps or lasers since the ozone completely protects the Earth from 

these rays (FDA, 2020). 

This increased exposure of UVA radiation with an increase in altitude was 

exemplified when Sanlorenzo et al. (2015) observed that pilots flying for 56.6 

minutes at 30,000 feet received the same amount of UVA radiation one would from 

a twenty-minute tanning bed session. While it was not made clear, this could have 

resulted from both the exposure of high altitude and the attenuation through the 

aircraft windshields. Because both conditions affect the UV exposure in an aircraft 

cockpit, both are examined further. 

Effects of Increased Altitude 
Because the Earth’s ozone layer observes all UVC and portions of UVA 

and UVB, the depletion of the ozone leads to an increase in UV radiation exposure 

(Department for Environment Food & Rural Affairs, n.d). Therefore, an increase in 
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altitude will similarly increase the exposure to this radiation due to less ozone 

protection with an increase in altitude. 

Aceituno-Madera et al. (2011) observed an increased melanoma occurrence 

to UV radiation among individuals at higher altitudes. The pathogenic effect of 

UVA radiation and melanoma is well established (Sanlorenzo, 2015). So, it would 

be likely the increase in altitude allowed for a greater amount of UVA radiation that 

has a clear association with melanoma rates. 

Effects of Aircraft Windshields  
Airplane windshields are typically composed of polycarbonate plastic or 

multilayer composite glass. UVC (100-280 nm) transmissions have not been 

detected through windshields, and UVB (280-320 nm) transmission was reported at 

less than 1%. However, UVA (320-380 nm) transmission ranged from 0.41% to 

53.5% (Nakagawara et al., 2008).  

Serrano & Moreno (2020) compared the different glass and plastic materials 

and their UV radiation transmittance. They observed that polycarbonate plastic held 

the lowest transmittance of 30% UVB compared to methacrylate and smoked glass. 

Interestingly, there existed differences in transmittance among all categories in 

various seasons and at different time intervals. In their findings, transmittance was 

higher at 8-hour intervals than at 12-hour intervals. Additionally, transmittance was 

higher in the winter than in the summer seasons. 

Meerkötter (2016) also determined the significance of direct sunlight hitting 

the windshield. Without direct sunlight, the UV radiation transmittance inside the 

cockpit amounts to approximately 5% of the ambient UV irradiance outside the 

aircraft. However, in cases where sunlight directly hit the windshield, reaching the 

pilots, percentages grew to 50% to 100% transmittance. Also examined were the 

transmittance in various commercial aircraft: Airbus 320, Boeing 727/737, and MD 

88. The UVB transmittance of the glass windshields of the Airbus 320 and Boeing 
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727/737 was less than 1%. However, the UVA transmittance of this type of 

windshield reached values of 65-70%. Meanwhile, the MD88’s windshield was 

found to have blocked slightly more of the UVA spectrum due to its different 

windshield composition.  

Cadilhac et al. (2017) observed 14 flights from July to October 2016 and 

identified UVA radiation in the cockpit of Boeing 777s. However, the researchers 

determined that these UVA levels were well below the values found at sea-level. 

Additionally, this radiation in the cockpit was heavily reduced (by more than 10 

times) by cockpit sun visors. 

Due to the different findings on the UVA transmittance of aircraft 

windshields in multiple studies, it can be determined that the aircraft windshield’s 

material is a large contributor to the amount of UVA transmitted.   

UV Radiation and Skin Damage 
 UV radiation exposure is directly linked to various types of skin damage. 

These can range from innocuous to deadly. Sun-damaged skin can include any of 

the following conditions: suntans, first-degree sunburns, second-degree sunburns, 

wrinkles, uneven skin tone, freckles, melasma, solar lentigines (age spots), actinic 

keratosis (solar keratosis), actinic cheilitis (farmer’s lip), squamous cell carcinoma, 

Bowen disease, basal cell carcinoma, and melanoma (D’Orazio et al., 2013). 

Skin Cancer 
In general, cancer is a condition where the body’s cells divide without 

stopping and spread through surrounding tissues (NIH National Cancer Institute. 

2015). In general, skin cancer is a type of cancer that affects the various layers of 

the skin. The skin is composed of two primary layers: the epidermis and the dermis. 

Several different skin cancers are named based on the cells they impact, mostly 

located in the epidermis. The layers of the epidermis are outlined in detail in Figure 

3. 
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Figure 3 

Layers of the Epidermis 

 

Note. A visual depiction of the layers of the epidermis (Open Educational Resource 

Services, n.d.) 

As previously noted, most skin cancers develop in the top layer of the skin 

called the epidermis. There are three main types of cells within this layer associated 

with the most common types of skin cancer: squamous cells, basal cells, and 

melanocytes. As the name suggests, squamous cell carcinoma develops when the 

cancer is in the squamous cells located in the Stratum Spinosum depicted in Figure 

3. Similarly, basal cell carcinoma develops in the basal cells. The basal cells are in 

the lower part of the epidermis called the Stratum Basale, shown in Figure 3. 
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Meanwhile, melanoma is a type of skin cancer that starts in the body when 

melanocytes grow uncontrollably (American Cancer Society, 2019). Melanocytes 

are located at the very bottom of the epidermis closest to the dermis layer, as shown 

in Figure 2. Though melanoma is one of the less common skin cancers, it is by far 

the most aggressive and deadly (The American Cancer Society Medical and 

Editorial Content Team, 2019). 

 While melanoma is a less common form of skin cancer, within the past 

decade (2011-2021), the number of new melanoma cases has increased by 44% 

annually (American Cancer Society, 2021). Of these cases, a vast majority have 

likely been resultants of sun exposure. One United Kingdom (UK) study suggests 

that 86% of melanoma diagnoses are attributed to UV radiation exposure from the 

sun (Parkin et al., 2011). While these rates apply to the general global public, 

Gudmundsdottir et al. (2017) suggest the melanoma rates in pilots and Icelandic 

Air pilots specifically are higher than compared to the standard melanoma rates. 

This study’s findings suggest an increased risk of malignant melanoma and basal 

cell carcinoma among all pilots compared to the global male population. This 

comparison was made with men because the majority of the pilot population are 

male. Additionally, this increased risk was notably higher among commercial 

airline pilots in comparison to other non-commercial pilots. This suggests a 

relationship between UV exposure and altitude since commercial airline pilots 

typically operate more advanced aircraft that operate in higher altitudes than 

aircraft operated by non-commercial pilots. In fact, the pathogenic effect of UVA 

radiation and melanoma is well established. The DNA damage in cell structures 

and animal models has been previously observed (Sanlorenzo, 2015). In this 

respect, while aircraft windshields may block UVB, they do not prevent the 

damaging effects of UVA radiation. 
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UV Radiation and Ocular Damage 
 It has been determined through multiple studies and observations that UV 

radiation can additionally cause ocular damage. One study’s findings in particular 

found the following: 

“Summer sun exposure for one season leads to clinically undetectable,

 microstructural changes affecting the cornea, bulbar, and palpebral

 conjunctiva with transient, but possible cumulative nature” (Health and

 Medicine Week, 2018, para. 3).  

The damages inflicted by UV radiation can ultimately impact the eyesight of an 

individual. Specific conditions associated with UV radiation are examined further: 

cataract, pterygium, and pinguecula. 

Cataracts 
A cataract is present when the eye’s natural lens becomes cloudy. 

Generally, the eyes are composed of several major components as depicted in 

Figure 4: cornea, conjunctiva, sclera, pupil, iris, lens, retina, optic nerve, fovea, and 

macula (WebMD, n.d.).  
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Figure 4 

Anatomy of the Human Eye 

 

Note. A visual depiction of the anatomy of the eye (WebMD, n.d.). 

The purpose of the eye’s lens is to bend/refract light rays that approach the 

eye to help the individual see. In a healthy eye, the lens should be clear. However, 

with cataracts, the lens becomes cloudy. This ultimately can lead to various vision 

changes such as blurry vision, seeing double, light sensitivity, or issues with night 

vision. While many factors can cause cataracts, one of the major contributors is 

exposure to UV rays (Boyd, 2021). 

 Taylor (1989) observed, in a survey among 838 watermen who worked in 

the Chesapeake Bay, that those cortical lens opacities had a 21% higher UVB 

exposure each year compared to those without cortical lens opacities. As previously 

discussed, this lens opacity is an indicator of cataracts. Those with high annual 

UVB exposure rates increased their risk of cataracts over threefold. On the other 

end of the spectrum, it was similarly determined that reducing the UVB exposure 
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by wearing sunglasses or a hat could prevent the cortical lens opacities from 

developing. 

 In a similar study, Hollows & Moran (1981) observed a positive correlation 

between cataracts and UV radiation exposure. Specifically, they found that 

Australian Aborigines living in higher UV climates were more likely to acquire 

cataracts than non-Aborigines in Australia, located in low UV irradiation areas. 

Pterygia and Pingueculae  
A pterygium (plural pterygia) and pinguecula (plural pingueculae) are 

abnormal growths that form on the human eye's surface. They are very similar in 

their symptoms and causes, but they are ultimately different conditions (Eye 

Institute: The Visionaries, 2021). 

 A pterygium is an abnormal wedge-shaped growth of the conjunctiva. The 

conjunctiva of the eye is depicted for reference in Figure 4. These growths extend 

into the cornea, where they can impact an individual’s vision. Meanwhile, a 

pinguecula is an abnormal growth that occurs only on the conjunctiva and does not 

extend into the cornea. Therefore, this condition will not affect the individual’s 

vision (Eye Institute: The Visionaries, 2021). 

  Ultimately, in both conditions, the main cause is exposure to UV radiation. 

There is a high incidence rate of these conditions in areas with depleted ozone 

layers, such as New Zealand (Eye Institute: The Visionaries, 2021). In addition to 

the prevalence of cataracts, Taylor (1989) also observed a strong association 

between pterygium/pinguecula and high UVB exposure.  

UV Radiation and Immunosuppression 
 Another biological effect experienced by UV radiation is the suppression of 

the immune system. This can ultimately increase the risk of skin damage and ocular 

damage onset due to the body’s weakened immune system response. UV radiation 
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weakens the immune response in multiple ways, including inhibiting antigen 

presentation, stimulating the release of immunosuppressive cytokines, and inducing 

suppressing lymphocytes (Schwarz, 2002).  

Baadsgaard (1991) also determined that exposure of human skin to UV 

radiation can facilitate the growth of neoplasms and the spreading of skin-

associated infections due to suppressed T cells. Neoplasms are essentially excessive 

growths without any purpose or function. These can be tumors, irregular lumps, or 

moles. While not all neoplasms are malignant, they have the potential to become so 

(Robertson, 2018.). 

UV Radiation Exposure Limits 
 In order to understand UV exposure rates, it’s important to have limitations 

to reference. This way, there is a distinct line to reference to understand if an 

exposure value is relatively considered high or low. The Occupational Safety and 

Health Administration (OSHA) will typically offer similar limitations and has an 

obligation to ensure the safety of workers by setting and enforcing specific 

standards. For example, OSHA provides standards and employee exposure 

limitations for non-ionizing and ionizing radiation. The non-ionizing standard 

covers microwaves, and the ionizing standard covered alpha, beta, gamma, and x-

rays. However, OSHA does not provide any employee exposure limits to UV 

radiation. The only guidance for protecting employees from UV light involves laser 

hazards (United States Department of Labor, 2002).  

 Meanwhile, the American Conference of Governmental Industrial 

Hygienists (ACGIH), a non-governmental organization, has established employee 

threshold limits and recommendations for ocular and skin exposure, and these 

limitations are wavelength-dependent (“Ultraviolet Radiation Guide,” 1992). Due 

to the nature of aircraft exposure typically allowing the transmittance of UVA, the 

limitations outlined for only the UVA (315-400 nm) spectrum are depicted in Table 

2.1.  
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Table 2.1 

ACGIH UV Threshold Limits 

Wavelength (nm) Energy Density Limit (Jm-2) 

315 1.0 104 

320 2.9 104 

325 6.0 104 

330 7.3 104 

335 8.8 104 

340 1.1 105 

345 1.3 105 

350 1.5 105 

355 1.9 105 

360 2.3 105 

365 2.7 105 

370 3.2 105 

375 3.9 105 

380 4.7 105 

385 5.7 105 

390 6.8 105 

395 8.3 105 

400 1.0 106 

Note. Threshold Limit Values for UV radiation exposure in relation to wavelength 

in the UVA spectrum (“Ultraviolet Radiation Guide,” 1992). 
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 In Table 2.1, the limitations are measured in energy density expressed in 

joules (J) per square meter (m2). These measurements additionally incorporate time 

as a part of the measurement as one watt per second is equivalent to one joule. As 

depicted, these measured energy densities are associated with a specific wavelength 

(“Ultraviolet Radiation Guide,” 1992). 

 Additionally, these values can be depicted in a different way. Instead, the 

effective irradiance (Eeff) is shown in relation to duration of exposure per day in 

Table 2.2. 
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Table 2.2 

ACGIH Effective Irradiance Duration of Exposure per Day Recommendations 

Duration of Exposure per Day Effective Irradiance Eeff (µWcm-2) 

8 hours 0.1 

4 hours 0.2 

2 hours 0.4 

1 hour 0.8 

30 minutes 1.7 

15 minutes 3.3 

10 minutes 5 

5 minutes 10 

1 minute 50 

30 seconds 100 

10 seconds 300 

1 second 3,000 

0.5 second 6,000 

0.1 second 30,000 

Note. Threshold Limit Values for UV radiation exposure in relation to the duration 

of exposure per day (“Ultraviolet Radiation Guide,” 1992). 
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The measured Eeff is limited by a specific duration of exposure per day. In this 

instance, Eeff is the irradiance measured in microwatts (µW) per square centimeter 

(cm2).  

In addition to the limitations discussed, the World Health Organization uses 

the UV Index to measure the intensity of sun exposure and give exposure 

recommendations based on these values. The Global Solar UV Index was 

formulated using the International Commission on Illumination (CIE) reference 

action spectrum for UV-induced erythema on the human skin. Erythema is defined 

as the reddening of the skin, and it is used as a measure of sun exposure in the UV 

Index (World Health Organization, 2002). The UV Index is a measure of the UV 

radiation relevant to and defined for a horizontal surface. The UV Index is a 

unitless quantity defined by the formula: 

𝐼UV = ker ∙ ∫ 𝐸𝜆

400nm

250nm

∙ 𝑠er(𝜆)d𝜆 

The formula, 𝐸𝜆 is the solar spectral irradiance expressed in W/(m2•nm) at a 

wavelength , d is the wavelength interval used, ser is the erythema reference 

action spectrum, and ker is a constant equal to 40 m2/W (World Health 

Organization, 2002). The UV Index measurements are depicted in Table 2.3.  
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Table 2.3 

Global Solar UV Index Measurements and Recommendations 

Exposure 

Category 

Index 

Number 

Recommendations 

Low 1-2 Wear sunglasses on bright days, cover up, and 

use sunscreen if you burn easily 

Moderate 3-5 Use sunscreen and cover up, sit in the shade near 

midday when the sun in the strongest 

High 6-7 Protection against sunburn is needed, reduce 

time in the sun between 11 AM and 4 PM, wear 

a hat and sunglasses, use sunscreen, and cover 

up 

Very High 8-10 Take extra precautions; unprotected skin will be 

damaged and can burn quickly, try to avoid the 

sun between 11 AM and 4 PM; otherwise, seek 

shade 

Extreme 11+ Take all precautions; unprotected skin can burn 

in minutes. 

Note. UVI exposure category, UVI number, and recommendations (World Health 

Organization, 2002). 

As discussed in this section, there are recommendations at specific UV intensities, 

but the government does not provide any limitations based on UV exposure for 

employees. However, the ACGIH has exposure limitations based on time and 

wavelength, as previously outlined in Table 2.1 and Table 2.2. 
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Summary 
This chapter analyzed UV radiation and the variables that impact its 

intensity. The specific variables examined were those related to UV radiation 

experienced in an aircraft cockpit. These variables included an increase in altitude 

and windshields. After identifying the impact these variables had on UV radiation 

intensity, UV radiation's health impacts were also examined. 

Ultimately, UV radiation exposure was determined to increase with altitude 

and vary between aircraft windshields. While aircraft windshields were determined 

to generally block UVB radiation, there were multiple findings of UVA 

transmittance. Additionally, increased UV exposure was directly linked to adverse 

health effects. The major adverse health impacts caused by UV radiation include 

skin damage, ocular damage, and immunosuppression. These areas are essential as 

they all relate to how crewmember health is impacted by UV radiation. By doing 

so, the review examined the potency of UV exposure in the cockpit and the 

negative health effects from this exposure. 
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Chapter 3 
Methodology 

 

 This chapter includes a detailed description of the study’s design, sample, 

procedures, data analysis, instrumentation, and disclosures. This study was 

designed to add to the body of literature on UV radiation exposure experienced by 

aviation crewmembers. The purpose of this study was to (a) identify how UVA 

exposure is different in an aircraft cockpit when compared to the exposure at sea 

level and (b) expose the adverse health impacts associated with this increased 

exposure to UVA radiation. This will be accomplished through a quantitative 

experimental design by examining and analyzing archival data of UVA radiation 

measurements previously collected in the cockpit of a Citation X. 

Research Design 
The best research design for this study is a quantitative approach through 

the analysis of archival data. Trends and statistical significance can be drawn from 

the raw data by analyzing archival data collected by a UV spectrometer. 

Additionally, regarding UV radiation exposure in the cockpit, this archival data can 

be analyzed and compared to other studies in the future. This way, trends in UV 

radiation exposure between various aircraft can be further identified. 

Setting and Sample 
 This study will be completed from January to June of 2021. Because the 

data used in this study is about UV radiation levels and the aircraft, this study does 

not classify as human subject research. The archival quantitative data used does not 

involve any human perceptions, behaviors, or emotional responses to this material. 

Therefore, institutional review board approval is not required and will not be 

obtained for this study. 
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Target Population 
The target population for this study is pilots that work with privately 

operated jets. Privately operated jets, otherwise known as business jets, are aircraft 

that are flown personally, owned, and operated by professional pilots or operated 

for chartered aircraft.  

The reason for the selection of this specific target population is that there is 

a limited amount of data available on pilots flying privately operated jets. This 

sector of the pilot occupation accounts for a large percentage of pilots flying these 

aircraft. However, as discussed in Chapter 2, most previous studies on this subject 

matter analyzed UV exposure in commercial jets. This study aims to identify 

similar findings in business jets. 

Accessible Population 
The accessible population for this study is pilots who operate the Citation X 

because the Citation X will be the specific aircraft used during data collection. The 

archival data measures the windshield of the Citation X at various altitudes.  

The Citation X is a mid-sized business jet that entered into service in 1996. 

To date, Citation has delivered 338 copies of this aircraft model, and 2018 marked 

the last copy produced (Goyer, 2014).  

Sample 
The sample selected for this research was chosen based on the availability 

of data on this aircraft and the degree of popularity regarding this type of aircraft. 

This aircraft is still used and operated widely in the charter and corporate aircraft 

space, so this data analysis will still be relevant to pilots flying this aircraft make 

and model. 
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Data and Instrumentation 
 In this study, previously measured UVA data points will be analyzed 

compared to the exposure at sea-level. This data will then be statistically analyzed 

to fully understand its significance. 

Archival Data Source 
The data used has been collected by the company Method Seven and the 

data collection period was throughout 2016. Method Seven collected this data 

through the use of their custom-made UV spectrometer. As a sunglasses company, 

their knowledge of the specific instrumentation necessary allowed for accurate 

measurements through this custom-made spectrometer. 

Instruments 
A computer program will be used to perform the statistical tests in 

analyzing the data. Specifically, the IBM SPSS Statistics version 27 processor 

application will be the tool used to analyze this archival data.   

Variables 
 The variables included in this data analysis include the make and model of 

the aircraft, the altitude the measurement was recorded, equivalent sea-level 

exposure multiplier, UVA transmittance percentage, and the sea-level factor.  

 Specifically, the make and model of the aircraft and the altitude 

measurements were recorded to serve as the independent variables. The aircraft's 

make and model is the Citation X and the altitudes being the various cruising 

altitudes of the aircraft. 

 The dependent variables involved in this study include the equivalent sea-

level exposure multiplier, UVA transmittance percentage, and the sea-level factor. 

The equivalent sea-level exposure multiplier is essentially the factor of UVA 

exposure experienced at a particular altitude depicted in a sea-level multiplier. For 
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example, a multiplier of “1 x” is the same exposure experienced at sea level. 

However, a multiplier of “1.5 x” indicates exposure of 50% more UVA light than 

one would experience at sea-level. This particular dependent variable will be found 

using the other dependent variables. The equivalent sea-level exposure multiplier 

can be calculated by multiplying the UVA transmittance percentage and the sea-

level factor. The UVA transmittance percentage was observed on the UV 

spectrometer as the percentage of UVA light that passed through the windshield. 

Meanwhile, the sea-level factor is the multiplier for the amount of UVA present in 

the atmosphere at the particular altitude at which the measurement occurred. By 

multiplying these measurements, one can identify the specific amount of UVA 

radiation transmitted through the windshield regarding what is experienced at sea-

level to compare the exposures. 

Procedures 
 The archival data collected by Method Seven will first be organized into 

tables and inputted into graphs. By depicting the data in graphs, the increase in 

UVA exposure with relation to altitude can be plotted to identify if the progression 

is linear.  

Then, to identify the statistical significance of the increase in UVA 

exposure with altitude, the t-tests will be applied individually to the various 

altitudes to establish if and when the increase in UVA is significant for this 

particular aircraft.  

Assumptions 
By completing the t-test for this analysis, the following assumptions are 

present:  

1. The scale of measurement applied to the data collected follows a 

continuous or ordinal scale. An example of this is seen in an IQ test or any grading 

scale. 
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2. The data is collected from a representative portion of the total population. 

In this case, the Citation X is a representative aircraft as well as the cruising 

altitudes selected. 

3. It is assumed the data results in a normal distribution.  

4. A reasonable sample size is used.  

5. The final assumption is homogeneity of variance. Homogeneous, or 

equal, variance exists when the standard deviations of samples are approximately 

equal. 

Research Questions (RQs) and Hypotheses 
Because this study will use a quantitative approach by analyzing archival 

data, both the research questions as well as hypotheses of this study will be 

discussed. While the general research questions outlined will attempt to identify the 

“how” and “why” questions involving UV radiation exposure, the hypotheses aim 

to determine a general existence of increased UV radiation exposure in the cockpit. 

This study aimed to answer the following research questions: 

RQ1: How does UVA radiation exposure change with altitude in an aircraft 

cockpit? 

RQ2: Does UVA radiation exposure in an aircraft cockpit increase linearly 

with an increase in altitude? 

In addition to these various research questions, the following are the 

hypotheses this study aims to test: 

H01: There is no significant increase in UVA radiation exposure in a 

Citation X at cruising altitude compared to the exposure at sea-level (μaltitude = μsealevel). 
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H11: There is a significant increase in UVA radiation exposure in a Citation 

X at cruising altitude compared to the exposure at sea-level (μaltitude ≠ μsealevel). 

H02: UVA radiation exposure does not increase with altitude in the Citation 

X. 

H12: UVA radiation exposure increases with altitude in the Citation X. 

Disclosures 
 Because the data used in this study was collected by the company Method 

Seven, it is important to note no prior affiliation between the researcher and the 

company. Method Seven and the researcher corresponded via email and phone and 

discussed the free usage of their collected data. All data, graphs, or images 

provided by Method Seven will be cited to ensure no confusion on what 

information was used from this company. 

Summary 
 This study used previously collected quantitative data on UVA exposure, 

specifically in Citation X aircraft. As discussed previously in this chapter, the data 

will be analyzed, and the hypotheses will be tested to identify any potential 

increase in UVA exposure within the cockpit of the Citation X at various cruising 

altitudes.  

 

 

 

 

 



 
 

33 

Chapter 4 
Results 

 

Introduction 
 The purpose of this study was to (a) identify how UVA exposure is different 

in an aircraft cockpit when compared to the exposure at sea-level and (b) expose 

the adverse health impacts associated with increased exposure to UVA radiation. 

This was accomplished through a quantitative experimental design by examining 

and analyzing archival data of UVA radiation measurements previously collected in 

the cockpit of a Citation X. The UVA radiation values were collected by a UV 

spectrometer customized by the company Method Seven. The raw data is outlined 

below in Table 4.1. 
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Table 4.1 

UVA Radiation Levels in Citation X Aircraft at Various Altitudes 

Altitude of 
Measurement (ft 
above sea level) 

Sea Level 
Factor 

UVA % 
Transmittance 

Equivalent Sea 
Level Exposure 

5,000 1.3 45% 0.6 x 
12,000 1.7 3% 0.1 x 

13,000 1.8 4% 0.1 x 
8% 0.1 x 

15,000* 
(15,100) 2.0 13% 0.3 x 

6% 0.1 x 

18,000 2.3 8% 0.2 x 
64% 1.5 x 

19,000* 
(18,950) 2.4 48% 1.2 x 

20,000 2.5 
 

2% 0.1 x 
4% 0.1 x 
5% 0.1 x 
5% 0.1 x 
6% 0.2 x 

21,000* 
(20,700) 2.6 9% 0.2 x 

21,000 2.7 3% 0.1 x 
25,000 3.2 36% 1.1 x 
27,000 3.5 15% 0.5 x 
30,000 4.0 35% 1.4 x 
33,000 4.7 45% 2.1 x 

35,000 5.1 

14% 0.7 x 
16% 0.8 x 
18% 0.9 x 
42% 2.1 x 

43,000* 
(43,100) 7.4 15% 1.1 x 

45,000 8.1 14% 1.1 x 
50,000 10.3 20% 2.1 x 
51,000 10.8 20% 2.2 x 

Note. UVA Radiation levels in Citation X aircraft at various altitudes measured in 

equivalent sea level factor with * next to rounded altitudes (Method Seven, 1992). 
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Figure 5 

Sea Level Factor at Various Altitudes in Citation X Aircraft 

 

Note. Sea level factors graphically depicted comparing the UVA radiation levels at 

sea level, various altitudes in the Citation X cockpit, and various altitudes outside 

the Citation X. 

In this graph, the dotted orange line represents the sea level factor of UVA 

radiation as altitude increases. This data represents the increase in radiation as 

altitude increases outside of the Citation X cockpit. The best fit line associated with 

this trend is exponential (𝑦 = 1.1336𝑒0.1263𝑥). Meanwhile, the dashed blue line 

represents the average sea level factor of UVA radiation at each altitude as altitude 

increases within the Citation X cockpit. The best fit line associated with this trend 

is linear (𝑦 = 0.1019𝑥 + 0.1124). Additionally, the solid grey line represents the 

UVA exposure at sea level. This is a reference line to document that the exposure 

level will remain stable and constant. Both best fit lines yielded a positive slope. 
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This indicates an increase in sea level factor as altitude increases inside and outside 

the Citation X cockpit.  

The graphical depiction of the sea level factor recorded in the Citation X 

cockpit illustrates the inconsistent data points plotted. Due to the unknown 

conditions at the time of the recorded data, it is impossible to know what caused 

specific readings to vary so much. It can be assumed that this may have resulted 

from readings occurring throughout various times of the day, sky coverage, season, 

or latitude/longitude. Without this background information on these data points, it 

cannot be deciphered one way or another what contributed to these variations. 

Statistical Analysis 
This study also required a statistical analysis of the quantitative data. The 

data points involved in this analysis included the altitude of measurement, sea level 

factor, UVA percent transmittance, and the equivalent sea level exposure. To 

identify the statistical significance of the increase in UVA exposure with altitude, 

the t-tests were applied to the sea level equivalent factor for various altitudes to 

establish if and when the increase in UVA is significant for this particular aircraft. 

By completing the t-test for this analysis, the following assumptions are present:  

1. The scale of measurement applied to the data collected follows a 

continuous or ordinal scale. An example of this is seen in an IQ test or any grading 

scale. 

2. The data is collected from a representative portion of the total population. 

In this case, the Citation X is a representative aircraft as well as the cruising 

altitudes selected. 

3. It is assumed the data results in a normal distribution.  

4. A reasonable sample size is used.  
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5. The final assumption is homogeneity of variance. Homogeneous, or 

equal, variance exists when the standard deviations of samples are approximately 

equal. 

 The t-test specifically compared the UVA exposure levels at various 

altitudes in the Citation X to the exposure at sea level. The test yielded a t-value of 

1.64059 and p-value of 0.053403. The results of this test were not significant at 

p<0.01.  

Summary 
 While higher altitudes in the Citation X yielded higher exposure rates, as 

depicted in Table 4.1, the total measurements were not significantly different from 

the exposure levels at sea level. 

 Therefore, the null hypothesis is accepted: 

H01: There is no significant increase in UVA radiation exposure in a 

Citation X at cruising altitude compared to the exposure at sea level (μaltitude = μsealevel). 

 However, the graphical depiction and the best fit line in Figure 5 does 

represent a linear increase in UVA exposure as altitude increases in the Citation X. 

Therefore, the null hypothesis is rejected, and the following hypothesis is accepted: 

H12: UVA radiation exposure increases with altitude in the Citation X. 
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Chapter 5 
Discussion 

 

Research Summary 
 The purpose of this study was to (a) identify how UVA exposure is different 

in an aircraft cockpit when compared to the exposure at sea-level and (b) expose 

the adverse health impacts associated with an increased exposure to UVA radiation. 

This was accomplished through an examination of UV radiation and the variables 

that impact its effectiveness. After this analysis, the adverse health impacts 

experienced from UV radiation were discussed: skin damage, ocular damage, and 

immunosuppression. These areas are essential as they all relate to how 

crewmember health is impacted by UV radiation. Next, a quantitative experimental 

design examined and analyzed archival data of UVA radiation measurements 

previously collected in the cockpit of a Citation X. The study findings contribute to 

the existing body of literature in this area.  

Discussion 
 The statistical analysis of the archival data yielded no significant difference 

between the UVA radiation exposure experience in the Citation X cockpit and the 

UVA exposure at sea level. However, the graphical analysis did show a 

representation of the best fit, linear increase in the UVA exposure in the Citation X 

cockpit with respect to altitude. These findings are discussed further to identify 

their relevance, implications, and the overall impact on the aviation industry. 

UVA Radiation in Citation and at Sea Level 
The t-test yielded no significant difference between the level of exposure in 

the Citation X cockpit compared to the exposure experienced at sea level.

 Therefore, the null hypothesis is accepted: 
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H01: There is no significant increase in UVA radiation exposure in a 

Citation X at cruising altitude compared to the exposure at sea level (μaltitude = μsealevel). 

UVA Radiation and Altitude in Aircraft Cockpits 
While the statistical analysis of the UVA measurements in the Citation X 

cockpit did not yield a statistical significance, the finding of an increase in UVA 

radiation with altitude in the Citation X cockpit was determined. The graphical 

depiction and the best fit line in Figure 5 represents a linear increase in UVA 

exposure as altitude increases in the Citation X. Therefore, the null hypothesis is 

rejected, and the following hypothesis is accepted: 

H12: UVA radiation exposure increases with altitude in the Citation X. 

Implications for Practice 
As previously discussed in Chapter 2, there are many negative health 

implications associated with UV radiation exposure. Since pilots are exposed to an 

increased level of UV radiation due to the increased altitude, they are at higher risk 

of being susceptible to these adverse health effects. Therefore, it’s imperative pilots 

protect their skin and eyes with sunscreen, hats, clothing, and sunglasses. Until 

more research is conducted to determine the specific exposure levels in various 

aircraft, it is safer to assume the worst and use protection. 

Future Impact on Aviation Industry 
As aircraft become more advanced and their cruising altitudes increase, the 

health concerns associated with these increased operating altitudes should be 

considered. As determined within this study, with an increase in altitude comes 

increased exposure to UVA radiation. With this modernization, it is of the utmost 

importance that crewmembers understand the risks of experiencing this exposure 

without eye protection or sunscreen. The increased rate of skin cancer amongst 

pilots has already been determined in previous studies. For example, as previously 

discussed, Gudmundsdottir et al. (2017) suggest that melanoma rates in pilots and 
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Icelandic Air pilots, specifically, are higher than compared to the standard 

melanoma rates. The study findings suggest an increased risk of malignant 

melanoma and basal cell carcinoma among all pilots in comparison to the global 

male population.  

With increased flying altitudes and an ozone-depleting with time, the UV 

exposure will only worsen. The recommendations outlined within this section 

provide insight into how this issue can be further analyzed. Additionally, pilots and 

passengers can be informed of the risks associated with this exposure.  

Recommendations 
 In addition to the current study findings, recommendations have developed 

from the exploration of the archival data. The overarching theme of these 

recommendations include the need for more studies and observations to gather a 

greater understanding of this subject. Additionally, data on the risks to pilots need 

to be more accessible to the general public. 

Future Studies 
The more data collected on this topic, the more it can be understood 

regarding the specific exposure levels in various aircraft. Therefore, it is 

recommended that future studies are conducted to expand the amount of data on 

radiation in more types of aircraft to broaden information on various windshields. 

Specifically, it is important to take multiple readings of UVA radiation at the same 

altitudes. Because the archival data had only a few data points at the same altitudes, 

they could not be precisely compared to the sea level values. Instead, the data’s 

average was compared, which can ultimately skew the results. For instance, the 

readings from 41,000 feet can be directly compared to the sea level readings 

separately from readings taken from 5,000 feet. In addition to multiple data points, 

it’s important to include the environment in which the data points were collected. 

As previously mentioned in Chapter 4, many of the data points were skewed for 

unknown potential factors. To avoid having unknown factors in future studies, the 
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following environmental factors should be included in subsequent studies: sky 

coverage, time/date, and latitude/longitude). 

 Additionally, it is worth noting the importance of comparing the exposure 

levels in an aircraft to the exposure limits designated by the ACGIH. Therefore, the 

data collected will need to be comparable to the exposure limits to assure 

crewmembers are not outside these limitations. Without this comparison, it would 

not be possible to identify whether the exposure is considered hazardous or within 

limits.  

 If Method Seven were to continue the same data collection and future 

studies, it is recommended that the suggestions listed in this section are considered. 

By recording the environment at which the data was recorded, more information 

about the data can be understood. Additionally, having a way to compare the data 

to current ACGIH exposure limits would be incredibly beneficial in understanding 

how the exposure compares to recommended limitations. 

Recommendations for Pilots 
From the finding that UV radiation increases with altitude, it is implied that 

pilots experience a higher dosage of UV radiation while operating their respective 

aircraft. Additionally, while the data collected did not represent a significant 

difference between the exposure at altitude versus the exposure in the Citation X 

cockpit, this data does suggest that pilots are exposed to the sun at the approximate 

strength experienced at sea level that will have an impact on health. Even at sea 

level, dermatologists and professionals recommend applying sunscreen and the use 

of protective clothing. Since pilots are exposed to the sun for extended periods of 

time, they are likely to receive a higher level of exposure from duration of exposure 

alone. 

Because of this, it is recommended that pilots protect themselves by as 

many means possible while flying. This can be accomplished by covering up 
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exposed areas, applying sunscreen regularly, and wearing sunglasses. As 

previously discussed in Chapter 2, the skin, eyes, and immune system are at risk for 

adverse effects from sun exposure. Therefore, it is recommended to protect these 

affected areas however possible.  

Recommendations for Manufacturers  
It was determined that the composition of aircraft cockpit windshields 

primarily impacts the amount of UV radiation exposure experienced in an aircraft 

cockpit. Therefore, it is recommended that manufacturers use materials that would 

block as much UV radiation as possible. It is recommended to use plastic materials 

as Serrano & Moreno (2020) observed because polycarbonate plastic held the 

lowest transmittance of 30% UVB compared to methacrylate and smoked glass. 

However, it is also recommended that manufacturers identify other materials that 

can potentially add more protection. While 30% transmittance is very low at sea 

level, the UV levels increase with altitude, and even this low transmittance can 

equate to a high level of UV radiation exposure. 

Recommendations for Operators 
As more research is conducted on this subject, it is recommended that 

operators consider operating aircraft that provide the best protection to their pilots. 

While this may not be feasible now as there is still more information required to 

make these decisions, it is recommended to consider this exposure a potential 

workplace hazard. In this respect, supplying sunscreen and windscreen visors in 

aircraft is highly recommended. Also, it is recommended to educate pilots on these 

hazards and recommend routine dermatology screenings to the employed pilots. 

Recommendations for the FAA 
As previously discussed, the FAA sources a tool that provides information 

to anyone interested in the cosmic radiation exposure received on any flight. 

Because this tool has been shown to work and has had use from the public, it is 

recommended that a similar tool be created that computes the UVA radiation 
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exposure received on a flight. The addition required for this tool that is not included 

in the cosmic radiation tool is the incorporation of multiple aircraft types. Because 

the composition of the windshield is material to the UV exposure received, this 

data would need to be involved.  

With this tool, crewmembers would have information on the exact amount 

of UV exposure experienced. Informing crewmembers is the first step for them to 

take active measures to protect themselves from hazardous levels of exposure that 

can lead to any of the health concerns previously discussed. These steps include 

applying sunscreen regularly, wearing sunglasses, and generally making an attempt 

to cover the skin exposed to the sunlight.  

Similar to the recommendation outlined to the manufacturers, it is important 

that the FAA expose more information regarding potential workplace hazards this 

exposure causes. This could be handled in multiple ways. The FAA could send out 

recommendations to pilots on how to protect themselves in the cockpit, or the FAA 

could require dermatological screenings associated with pilot medical 

examinations. There are multiple ways the FAA can emphasize this exposure as a 

hazard and direct pilots on how they can protect themselves from this hazard. 

Conclusion 
 While ultimately, the UVA measurements in the Citation X cockpit did not 

yield statistical significance, the finding of an increase in UVA radiation with 

altitude in the Citation X cockpit was determined. The graphical depiction and the 

best fit line in Figure 5 represent a linear increase in UVA exposure as altitude 

increases in the Citation X. In addition to this finding, this study identified the 

health hazards associated with UV exposure.  

 In conclusion, it was determined that pilots do have an increased health risk 

due to their increased exposure to UV radiation. This is because their office in the 
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sky is surrounded by windows and exists much higher above sea level. As 

previously discussed, it is important this subject be continually studied.  
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