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ABSTRACT
Ultraviolet (UV) rays play an important role in the formation of Vitamin D. However, exposure to UV for long duration can cause negative health effects on people, such as sunburn and skin cancer. The sun is not the only source of UV, Solaria, like tanning bed and tanning lamp, also emit UV rays. People using solaria do not necessarily recognize that their skin might be damaged by the UV emissions. This essay describes the benefits and shortcomings of UV rays and then, undertakes a literature review to compare the carcinogenic effects of UV from Solaria and sunlight leading to non-melanoma cancer, including squamous cell carcinoma (SCC) and basal cell carcinoma (BCC). The findings are that the odds of getting BCC when exposed to sunlight for longer than 14 hours are close to the odds for typical solaria users, but the odds of getting SCC when exposed to sunlight for longer than 14 hours is higher than typical solaria users. Finally, appropriate strategies are suggested for prevention of UV injury. The target readers are people at risk of UV injury leading to skin diseases, such as those who might work outside and those who are interested in using solaria.  The public health importance of knowing effects induced by UV and prevention ways is to help people avoid the potential damage from them. 
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1.0  Introduction
By World Health Organization (WHO) estimates, there are 132,000 cases of malignant melanoma (the fatal skin cancer) and more than 2 million other skin cancers every year in the world. One- third of cancer cases are skin cancer [1]. Most skin cancers are caused by excessive exposure to UV radiation. In general, outdoor workers, such as builders and cleaners, are exposed to ultraviolet radiation every day. Besides sunlight, Solaria, like sun bed, sun lamp, and tanning lamp are another source of UV. In recent years, the use of solaria has increased dramatically in some countries including Canada and Australia [2]. More and more people are interested in the indoor tanning appliances, in the pursuit of fashion and beauty, especially for young women. Although the companies that sell the tanning devices claim that these appliances are effective, rapid and harmless, there is growing evidence to show that UV light emitted from Solaria can damage the skin and increase the risk of skin cancer[3]. Because of this situation, we would like to describe the harmful effects of UV and analyze the ways in which exposure to UV radiation (sunlight and solaria) can be dangerous. 
This essay focuses on providing UV hazard analysis to outdoor workers and people who are interested in using solaria, introducing different outcomes of exposure too much UV light. Besides that, the essay provides a comparison of the harmful effects induced by Solaria and sunlight by comparing their odds ratio of getting skin cancer and suggests appropriate ways for individuals to protect themselves from the dangers of UV. 

2.0  The effect of UV 
2.1  Background to UV radiation

Ultraviolet (UV) radiation is a form of electromagnetic radiation in the wavelength range from 10 nm to 400 nm. UV radiation represents 10% of the total solar light output and is, therefore, present in sunlight. UV can also be produced by artificial devices, such as tanning lamps and black lights. If most of the incident UV were not filtered out by the earth’s atmosphere, the world would be severely damaged by solar radiation[4]. Excessive UV-B has been linked to many human health problems, including premature aging of the skin and skin cancer[5]. Not only for human beings, excessive UV-B can inhibit the growth processes of almost all green plants[6]. Ultraviolet can be usefully categorized in terms of three component bands (Figure 1)[7]: (1) UVA spanning from 315 to 400 nm. This band was once considered less dangerous to DNA and, therefore, is used in artificial UV radiation sources. However, UVA is now known to cause indirect damage to DNA formation [8]; (2) UVB range spanning from 280 to 315 nm, which is more energetic than UVA. UVB is significantly absorbed by the earth’s atmosphere, it can directly damage DNA and is the main cause of sunburn. UVA and UVB are considered to be mainly responsible for causing most skin cancers [9]; (3) UVC spans the range from 100 to 280 nm and, therefore, has a higher band of photon energies than the other types of UV rays. However, little reaches the earth’s surface because of reaction with the atmosphere [10]. 
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Figure 1. Electromagnetic spectrum of UV radiation.
2.2 The benefits of UV

UV plays a very important role in the formation of vitamin D, that helps strengthen bones, preventing fractures, as well as diseases, like rickets. Rickets is a horrible disease that causes much pain and irreversible bone deformation in children due to vitamin D deficiency. Exposure to UV radiation stimulates the formation of vitamin D and prevents the disease, 
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 as does consume foods rich in vitamin D, such as cow's milk and cod liver oil. 

UV can be used for the treatment of psoriasis, a condition where new skin cells grow rapidly while the old dead cells do not shed.  The disease causes skin itching, severe discoloration, and loss of confidence in public through embarrassment at the skin's appearance. Being exposed to UV can slow the growth of new skin cells and relieve the symptoms [12].

UV is widely used for disinfection and sterilization as it can effectively kill bacteria and viruses [13]. UV rays can penetrate cell membranes, destroy DNA structure and stop the capability for reproduction and multiplication. This is the explanation for the effectiveness of UV antibacterial lamps for disinfection and sterilization.

Research suggests that exposure to sunlight has been linked to increased energy and positive mood[14]. Exposure of keratinocytes to UV can stimulate Pro-opiomelanocortin (POMC), a precursor polypeptide with 241 amino acid residues, and then leads to the production of an opioid β-endorphin[14]. The β-endorphin will be accumulated in the brain until to enough concentration to induce mood relaxation.
As the figure 2 shows, the UV has non-cancerous effects and cancerous effects. The details are explained as below.
2.2.1 Non-cancerous effects

1. Sunburn

High doses of UV radiation kill most of the cells in the upper skin layer and cells that are not killed get damaged. Sunburn is characterized by a reddening of the skin, which is due to increased blood flow induced by dilation of the superficial blood vessels in the dermis as a result of exposure to UV rays. Other symptoms in human and other animals include red or reddish skin that is hot to touch, general fatigue, pain and mild dizziness. An excess of UV radiation can be life-threating in extreme cases. Excessive UV radiation is the leading cause of primarily non-malignant skin tumors[15]. UVB is thought to be the main cause of sunburn. However, UVA contributes about 15% to the sunburn since there is more UVA that can reach the earth’s surface. In addition, children and old people are considered more sensitive to UV [16]. 

2. Photosensitivity

Photosensitivity means that the skin or eyes have high sensitivity to UV radiation, which can cause rashes, fever, fatigue, joint pain and other symptoms in people with both cutaneous and systemic lupus. A small percentage of the population is particularly sensitive to UV rays. A minimal dose of UV radiation is enough to cause an allergic reaction leading to rash or sunburn [5]. When a skin reaction has already developed, treatments may reduce skin inflammation. Over-the-counter pain medication can relieve pain and corticosteroid cream may be prescribed to decrease inflammation.
3. Damage to the eyes

Although the eye occupies less than 2% of the body surface, it represents a unique organ that allows visible light into the body. UV causes damage to the eye since more than 99% of UV radiation can be absorbed by the front of the organ. Cataracts, corneal damage, and macular degeneration are all possible chronic effects from UV exposure and, finally, blindness and melanomas [5]. Everyone is at risk for eye damage from UV radiation that can lead to vision loss. Any factors, like work outside, that increase the time you spend in the sun will definitely increase the risk.
4. Damage to the immune system

Overexposure to UV radiation has a harmful effect on the immune system.  It is believed that sunburn can change the distribution and function of white blood cells. The immune system is supposed to defend against bacteria, microbes, virus, and parasites. However, repeated overexposure to UV rays will make white blood cells to come to the area that gets damaged through UV and reduce the skin’s ability to protect against other immunological issues and cause further damage to the immune system [5].

2.2.2 The cancerous effects

1. Melanoma skin cancers

Melanoma is the rarest but the most dangerous type of cancer that develops from the pigment-containing cells known as melanocytes and has the appearance of irregular skin moles. These cancerous growths develop when unpaired DNA damage to skin cells (most often caused by UV from tanning device and sunlight) trigger mutations that enable skin cells to grow rapidly and develop malignant tumors. It is one of the most common cancers among 20 to 35 year-olds, especially in Australia and New Zealand. Itching is the common symptom but is also found in normal moles[17]. 

Most melanomas are visible and in this case, patients, parents or their spouses are often the first to find suspicious tumors. It is very important to detect and diagnose early because during that time most melanomas can be cured with relatively minor surgery. If melanoma can be recognized and treated early, it is almost always curable.  However, if left untreated the tumor can grow rapidly and spread to other parts of the body, where it becomes hard to treat and can be fatal. While it is not the most common of the skin cancers, it causes the most deaths. In 2016, an estimated 76,380 of these will be melanomas, with about 46,870 in males and 29,510 in women[18].
2. Non-melanoma skin cancers

a. Basal cell carcinomas

Basal-cell carcinoma (BCC) is the most common type of skin cancer[19]. BCCs are abnormal, uncontrolled growths or lesions that arise in the skin’s basal cells. Basal–cell cancers grow slowly and can damage the surrounding tissue, but are unlikely to spread to other parts of the body. [20] Only in rare cases can it spread to other parts of the body and become life-threatening. It can be removed by surgery, though it can be disfiguring if not treated promptly.

More than 4 million cases of basal cell carcinoma are diagnosed in the U.S. each year. It is reported that the incidence of BCC has increased dramatically in the last 20 years and continues to rise[21].

b. Squamous cell carcinomas

Squamous cell carcinomas (BCC), the second most common type of skin cancer, are the uncontrolled growth of abnormal cells arising in the squamous cells [22]. These cells produce the surface of the skin lining of hollow organs. SCCs often look like scaly red patches, open sores, elevated growths with a central depression; they may bleed or crust. SCC is mainly caused by cumulative UV exposure over the course of a lifetime. Intense exposure in summer and the UV produced by tanning devices can add damage to the skin. They are more dangerous than basal cell carcinomas since sometimes they can spread to other parts of the body. However, they also grow slowly and can be removed surgically before they become a serious life-threatening risk.

More than 1 million cases of squamous cell carcinoma are diagnosed each year in the U.S, and as many as 8,800 people die from the disease[23]. The incidence of the disease has increased up to 200 percent in the past three decades in the U.S[24].

Figure 2. UV-induced skin damage and skin cancer
3.0  UV sources and Protection

3.1 Solar radiation

Nowadays most energy we use is from burning of oil, gas, wood or coal. However, this energy is from the sun and by far considered as the most important source of energy for life on earth. The sun is in the center of the solar system. It is a near sphere of hot plasma, with convection motion inside that produces a magnetic field through a dynamo process[25]. It provides light and heat for the earth and energy for photosynthesis[26]. Also, it is very necessary for the metabolism of human beings and other creatures.
The spectrum of solar radiation is close to that of a black body with a temperature of about 5,800 K[27]. EM radiation the sun emits cover most of the electromagnetic spectrum. Although the sun produces gamma rays as a result of the nuclear-fusion process, thermalization and internal absorption covert these super-high-energy photons to low-energy photons before they are emitted out into space. As a result, the sun does not emit gamma rays from this process, but it emits gamma rays from solar flares[28]. The sun also emits X-ray, visible light, infrared radiation, ultraviolet and even radio waves[29]. The spectrum of nearly all solar electromagnetic radiation reaching the earth’s atmosphere spans a range of 100 nm to about 1 mm. This band of significance radiation power can be divided into five regions in increasing order of wavelengths: ultraviolet C (100-280 nm), ultraviolet B (280-315 nm), ultraviolet A (315-400 nm), visible light (380-780 nm) and infrared (700-1,000,000 nm). During the passage of UV through the atmosphere, the quality and intensity of sunlight are changed. Compared to UVB and UVC, 95% of UVA can reach the earth’s surface. Most of the UVC and a large proportion of UVB (70%-90%) are absorbed by the stratosphere. Consequently, UV radiation at ground level represents about 5% of the total solar energy flux and the UV radiation spectrum is between 290 and 400 nm. An individual’s level of exposure to UV varies from person to person because of latitude, altitude, time of year, time of day and clouding of the sky.


3.2 Solaria

Solaria is artificial tanning devices used to tan or darken skin. They are also known as sun beds, sunlamps, and tanning lamps. Solaria usually are enclosed areas that have light tubes that emit radiation from above and below, individual can lie inside for a period of time to induce a tanning effect similar to that produced by exposure to sunlight. In the same way that the sun emits ultraviolet radiation, Solaria devices also emit UV radiation. The only difference is the type and intensity of UV can be controlled. Most devices emit mainly UVA radiation, which is thought to be the least damaging of the UV radiation spectrum. Although it is known that excessive exposure to UVB is harmful to human beings, some sunbed manufacturers are still producing lamps that emit high UVB to mimic the sun's UV radiation spectrum. The introduction of "fast tanning" or "15 minutes" devices is highly unsafe since they emit high doses of UV radiation.

Solaria has become popular in Canada in recent years, but there is no strong evidence to support the safety. The popularity of Solaria is because of the myth that tanned skin is healthier and more attractive. The belief remains widespread in Canada, and solaria owners encourage this idea when promoting their products
 ADDIN EN.CITE 
[30]
. A significant proportion of this group is regular users, with women and adolescents most likely to use solaria. Like sunlight, the rays emitted in solaria also contain UV, and thus, potentially have the same associated risks of cancers and skin diseases.  The only time an artificial device should be used is in the medical procedure of phototherapy. This process of exposing the body to UV radiation is useful in the treatment of a number of skin conditions, including psoriasis and dermatitis. These treatments should only be conducted under medical supervision.

3.3 Protection

Although the sun is the main source of UV, it is unwise to stay inside and avoid the sunshine completely. Physical activities are so important for health that people cannot live well without being active. Exposure to too much UV is harmful to human beings, but we can take some measures to reduce the problem as much as we can.
For protection, the first efficient way of avoiding too much UV is to seek shade and avoid being outside in direct sunlight too long. Basically, the UV is the strongest from 10 am to 4 pm. The shadow test can be used for testing how strong the UV is, it’s important to protect yourself if your shadow is shorter than you are. Second, dressing appropriately and using sunscreen is important. Nowadays, some clothes with the special coating are capable of protecting against UV exposure. Even some kinds of detergents can increase the UPF value of clothes. Third, it is probably better to avoid using solaria.

For outdoor workers, it is crucial that Health & Safety Managers choose a ‘broad spectrum' sunscreen which protects against UVA, UVB and UVC rays. If it is in the industrial workplace, it is also very important that sunscreen chosen should be sweat and water-resistant in order to remain protected at work. Guidance in incorporating UV protection in the workplace is widely available. It is suggested that companies conduct a detailed internal risk assessment first, and then choose the best protection methods. If these aspects can be formalized into a Sun Protection Policy it would be great. Employers should make sure that workplace contains more informed employees through training. 

4.0  Comparison of sunlight and solaria

4.1 Comparison of UV spectrum from sunlight and solaria

The solar UV at noon contains 4-5% of UVB and 95-96% UVA during a sunny day on the Mediterranean[31]. The UV emitted from Solaria is more intense than sunlight; in addition, the amount of UVB emitted from Solaria is higher than the amount of UVB present in sunlight[32]. UVB is the biggest threat to health and responsible for the majority of skin cancers. According to a study, the UV intensity of solaria received by every unit of skin is 10 to 15 times higher than that of a sunny day and, as a result, the UVB dose received by every unit of time during solaria is higher than those exposed to sunlight [33]. 

In the 1990s, regulation in some countries, such as France and Sweden, limited to 1.5% the maximum proportion of UVB in the UV output of Solaria.  However, there remains a big difference between solaria output and sunlight.  Surveys in the United Kingdom have shown that tanning devices operated in public exhibit large variations in UV output, up to 60-fold differences have been observed [34].  The differences are because of tanning device design, tube aging, materials, and tanning device power. Also, tanning appliances in commercial facilities may have a greater proportion of UVB than those in private premises [35].

4.2 4.1 Comparison of non-melanoma skin cancer incidence caused by sunlight and solaria

4.2.1  Methods

There is some literature that attempts to explain the relationship between indoor tanning and non-melanoma skin cancer and, also, the relationship between solar UV radiation and non-melanoma skin cancer. After organizing these studies in relation to the two types of UV source (sunlight and solaria), two categories are set up to compare the extent of the danger of UV emitted from these two emission sources.

a. Indoor tanning and non-melanoma skin cancer

Some studies have undertaken a systematic review to analyze the literature on indoor tanning and non-melanoma skin cancer (NMSC), defined as either basal cell carcinoma, or squamous cell carcinoma. In this study, the terminology used in the literature is diverse and thus, the researchers consider sunbeds, sunlamps, tanning beds, artificial tannings, Solaria, tanning booths, non-solar ultraviolet tanning and variations of these to be synonymous [36]. The authors of this study searched PubMed (1966 to present), Embase (1970 to present) and Web of Science (1898 to present) to identify the relevant literature. In addition, they reviewed identified articles and reviews on the topics of NMSC and ultraviolet to locate additional articles.  All published articles in English that reported an effect statistic for indoor tanning and NMSC or adjusting for indoor tanning in a study including participants with NMSC were eligible for inclusion. Two authors (MRW and MLS) assessed the eligibility of each study by using the title and abstract for initial screening followed by the review of the full text. They exclude articles that presented no data, like review article and editorials.

The study uses the odds ratio or hazard ratio to determine the effect of solaria on NMSC.  The participants were asked whether they used an indoor tanning device.  The authors did the primary analysis of the 10 studies reporting ever exposure and a subsequent sensitivity analysis that included all 12 studies. The Stata 11 statistical software was used to do random effects model meta-analyses, getting relative risks and 95% confidence intervals.  All statistical tests were two-sided. In addition, the basal cell carcinoma and squamous cell carcinoma were analyzed separately. The authors used Chi-Squared test for heterogeneity and heterogeneity in the meta-analysis to investigate variability in study outcomes.  
b. Solar ultraviolet radiation and skin cancer

In another study [37], the authors carried out a literature review to identify relevant papers on exploring the relationship between solar radiation and skin cancer in electronic databases and paper bibliographies. Key search terms were combined to obtain the most relevant papers. The study also used the odds ratio or hazard ratio to determine the effect of solaria on NMSC.

4.2.2  Results
Table 1. Key studies on UV and NMSC
The results are summarized in Table 1. Bajdik et al conducted a case-control study involving subjects diagnosed with NMSC from the province of Alberta, Canada during 1983-1984. The information regarding the subjects’ skin pigmentation, exposure to indoor tanning appliances and other suspected risk factors were collected. After adjusting for age, sex, hair color, skin type, ethnicity, sun exposure, it was found that the odds ratio for SCC was equal to 1.4 and the odds ratio for BCC was equal to 1.2. This means that the chance of finding SCC in typical solaria users was 40% higher than in those who never used an indoor tanning device. The chance of finding BCC in typical solaria users was 20% higher than in those who never used that kind of device.
Gallagher et al. conducted two separate studies on SCC and BCC during the period from 1983 to 1984. Case information was obtained from the Alberta Cancer Registry. Data regarding the control group, not diagnosed with NMSC, and matched by gender and 5 year age group, were obtained from the Alberta Cancer Insurance Plan. Occupational history was obtained for all jobs held for at least 6 months along with usual outside work time in summer and winter. In this study, those who work outside more than 14 hours per week were considered to recruit for this study. It was assumed that all exposure (> 95%) occurred in the summer months. Based on sun exposure time, it was divided into two categories. One (group 1) is for working outside more than 25 hours per week, another is for working outside 14-25 hours (group 2). Group 1: After adjusting for age, mother’s ethnic origin, skin color and hair color, the odds ratio for SCC was found to be 1.4, both BCC and SCC are the same. This means the odds of NMSC occurring in people who work more than 25 hours outside are 40% higher than those who work less than 25 hours outside; Group 2: After adjusting for age, mother’s ethnic origin, skin color and hair color, the odds ratio for SCC was found to be 1.5 and the odds ratio for BCC is 1.3.

When comparing the OR from different UV sources, it is found that for BCC, the odds ratio for those typical solaria users is very close to the odds ratio for those exposed to sunlight for 14+ hours per week, (Table 1) meaning that the risk of getting BCC due to solar radiation seems to be the same as solaria radiation. On the other hand, however, for SCC, the odds ratio for solar radiation is higher than for Solaria, indicating that exposure to sunlight for above 14 hours per week has associated more risk of getting SCC than the average solaria exposure.  
Based on this result, it seems like that for different non-melanoma skin cancer, the Solaria, and solar radiation have different effects on them. There is lack of enough research to clarify the mechanism among them. In addition, the result is potentially influenced by a lot of confounding, like the time spent on the Solaria and the kind of solaria device, which are not fully described in this research.  

5.0  Conclusion

Although the exposure to UV rays emitted from Solaria and solar radiation are considered as the important part involved in the process of producing vitamin D, indoor tanning and sunlight exposure have already been identified to be risk factors for non-melanoma cancer[36], which is the most common human cancer. From the analysis in this essay, it is suggested that the effects on basal cell carcinoma from exposure to solar radiation for over 25 hours and solaria are the same. However, the odds of getting squamous cell carcinoma when exposed to sunlight for above 14 hours are higher than the odds induced by average solaria exposure.  In addition, there is a significant relationship between solaria and non-melanoma cancer; these tanning devices should only be used with caution. The available information regarding the use of solaria has been obtained retrospectively, with unavoidable uncertainties. Some studies have attempted to overcome the problem by calculating complete exposures from detailed questionnaires, but this approach can be troubled by recall bias. 

Apparently, there is a conflict between what we get from this result and the previous studies suggesting UV exposures in solaria can be much higher than those experienced through sunlight. But, it is still hard to say which exposure way is more dangerous. This is because there exists a lot of confounding, like what solaria device the participants used, how much time did they spend on Solaria and if the sample size is big enough. Besides that, the result does not agree with that solaria are safe to use since the odds ratio is more than 1, meaning there is a risk of getting non-melanoma skin cancer after exposure to Solaria. 

Future studies need to investigate whether the induction mechanisms between the cancers are the same and if there are dose-response relationships. With better knowledge of the temporal variations in solar UV intensity in different geographical regions, coupled with established dose-pathological response relationships, it should be possible to better characterize risk and go on to devise evidence-based regulatory guidelines for protecting people from UV damage in different occupational situations.

Today, in general, people are still not fully aware of the harmful effects caused by UV rays. Some people who work outside for long periods of time without any protective equipment continue to be injured by UV radiation. It is hoped that this essay might contribute to the level of public awareness and, perhaps, motivate some people to pay more attention to the problem and take reasonable actions to protect themselves and their dependents. This should not be very complicated matter. For protection, limit exposure to direct sunlight simply by seeking shade, dressing appropriately, using sunscreen and don’t spend unduly long times outside in the summer, or in Solaria. It is probably better to avoid solaria altogether in the case of the very young and hypersensitive individuals.
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