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Summary
Globally, hundreds of millions of outdoor workers are exposed to solar radiation (SR) for most of their work. Such 
occupational exposure is known to induce various adverse health effects on the eyes, mainly related to its ultraviolet 
(UV) component. The present work is a call to action to raise awareness of the need for health surveillance to prevent 
chronic ocular diseases in outdoor workers. Photo-chemical chronic damage can induce pterygium at the eye’s outer 
layer and cataracts in the lens. Considering carcinogenic effects, rare squamous-cell tumors of the cornea and/or the 
conjunctiva and ocular melanomas are associated with UV radiation exposure. Solar UV-related eye diseases should 
be considered “occupational diseases” when workers have sufficient exposure. Still, they are often not recognized and/
or frequently not reported to the national compensation authorities. Therefore, to prevent the burden of these work-
related eye pathologies, an adequate risk assessment with identification of appropriate preventive measures and a 
provision of periodic health surveillance to the exposed workers, particularly those at higher risk of exposure or with 
individual susceptibility, should be urgently implemented.

1. Introduction

Solar radiation (SR) is essential for human life 
and is related to various health benefits, such as 
reducing the risk of rickets, osteoporosis, and pos-
sibly other diseases due to its effect on vitamin D 
activation [1-3]. However, SR exposure is also a 

well-known health risk for outdoor workers (OW): 
the components of SR, i.e., ultraviolet (UVR), vis-
ible and infrared radiation (IR), defined as ‘optical 
radiation’ (OR), can have a significant health impact 
in particular on the eyes and the skin of the workers. 
Fortunately, the most hazardous UVR bands, i.e., 
all the UV-C and the majority (about 95%) of the 

Reviews, commentaries, perspectives

Med Lav 2023; 114 (4): e2023032
DOI: 10.23749/mdl.v114i4.14657

Received 27.04.2023 – Accepted 15.06.2023
*Corresponding Author: Alberto Modenese E-mail: alberto.modenese@unimore.it



Modenese et al2

UV-B, are absorbed within the stratospheric ozone 
layer before reaching the Earth’s surface (Table 1) 
[4].

Occupational exposure to OR may derive from 
artificial (e.g., welding arcs) and natural sources. 
However, SR is probably the most widespread oc-
cupational exposure in terms of the number of 
workers exposed worldwide, i.e., all those perform-
ing outdoor activities or mixed indoor/outdoor jobs. 
Moreover, the sun is also the potentially most harm-
ful occupational OR source due to the high expo-
sure levels received by OW, resulting in a significant 
burden of several SR-related diseases [2, 4].

When SR reaches a human subject, its com-
ponents can interact with the biological tissues, 
determining an effect based on the: (a) type of ra-
diation (i.e., the specific classes and sub-classes of 
OR involved, related to the intrinsic characteristics 
of the radiation, including its energy), (b) intensity, 
duration and frequency of the exposure and (c) char-
acteristics of the exposed biological tissue/body part 
concerning its specific interaction with the radiation 
[2, 4]. Due to the relatively low penetration ability 
of OR compared to other types of radiation, these 
effects mainly involve the skin and the eyes [2, 4].

The purpose of this review is to present a call to 
action in order to implement health surveillance for 
OW exposed to SR. We focus on the issue of the 

prevention of possible adverse ocular effects, con-
sidering that many efforts have been made in re-
cent years to raise awareness on the problem of the 
prevention of skin cancers affecting OW, while SR-
related eye diseases of the workers are still under-
recognized. Only long-term effects are specifically 
addressed here, as short-term effects result from 
acute exposures to high levels of SR, usually rep-
resenting accidental exposures. These effects cannot 
be prevented with health surveillance, which can 
only detect and monitor the phenomena, while for 
prevention purposes, other technical and organi-
zational measures, as well as workers’ information 
and training, can be implemented. According to the 
International Labour Organization (ILO) and the 
International Commission on Occupational Health 
(ICOH), health surveillance includes the “…proce-
dures and investigations to assess workers’ health in 
order to detect and identify any abnormality…” and 
its objectives must be clearly defined. These proce-
dures have to be implemented and applied in all the 
working situations where a relevant occupational 
risk for the health of the exposed workers exists, and 
the health surveillance program must be tailored to 
the specific occupational risk considered and con-
sistent with available scientific evidence and good 
practice [6-7]. According to these premises, the sci-
entifically demonstrated biophysical mechanisms 

Table 1. Optical radiation bands within solar radiation at the Sun vs. Earth’s surface and ocular exposure [4-5].

Classification

Sub-class/
Wavelength
(nanometers)

Emitted  
by the Sun

Reaches the 
Earth’s surface

Reaches the outer 
layers of the eye

Reaches 
the lens

Reaches  
the retina

ULTRAVIOLET 
(UV)

UV-C/100–280 Yes No Yes1 No No
UV-B/280–315 Yes Only 5% Yes Yes No
UV-A/315–400 Yes Yes Yes Yes Yes2

VISIBLE from violet to 
red/400-780

Yes Yes Yes Yes Yes

INFRARED  
(IR)

IR-A 780–1400 Yes Yes Yes Yes Yes
IR- B/1400–3000 Yes Yes Yes Yes No
IR-C/3000-
1000000

Yes Yes Yes No No

1 Only potentially, as there is no ocular exposure to solar UV-C at the Earth’s surface.
2 �Only a small percentage, depending on age and on lens transparency, of UV-A with wavelengths around 390-400 nm able to reach 

the retina.
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explaining the chronic SR exposure-related ocular 
damages will be presented in the following sections 
of this review. This will allow an evidence-based 
recognition of the long-term non-carcinogenic 
and carcinogenic effects, recently identified in vari-
ous systematic reviews, that need to be investigated 
within a good health surveillance program. Finally, 
we will also discuss the specific contents of health 
surveillance for the prevention of long-term adverse 
eye effects occurring in OW exposed to SR, giv-
ing the currently available indications and inserting 
health surveillance in the context of the other ap-
plicable preventive measures to deal with the SR-
exposure risk for the eyes at the workplace.

2. Solar Radiation Exposure of the Eyes 
and Adverse Effects: The Mechanisms 
Involved

The effects of SR exposure at the eye, similar to 
what happens to the skin, can be related to photo-
chemical or thermal mechanisms. The former relates 

to the interactions of OR bands with specific mol-
ecules in the eye tissues, determining chemical reac-
tions, possibly resulting in short-term and long-term 
ocular damage. On the other hand, thermal effects 
related to SR exposure are mainly acute effects, pos-
sibly occurring only after very intense and focused 
exposures, as a consequence of a significant increase 
in the temperature of the eye tissues [2, 4, 8-11]. In 
the case of UVR exposure, the effects are almost ex-
clusively photochemical, while for IR exposure, the 
mechanisms involved are thermal, and in the case of 
exposure to visible light, both mechanisms can be 
crucial. In particular, photochemical effects can be 
more relevant for visible radiation with wavelengths 
between 400 and 550 nanometers, while thermal 
mechanisms are more typical of wavelengths be-
tween 600 and 700 nanometers [2, 4, 8-9].

The effects of OR exposure can appear in the 
eye’s target regions where the specific OR band is 
absorbed (Table 1, Figure 1). For example, UV-C is 
absorbed mainly at the ocular surface (however, this 
UV band does not reach the Earth’s surface within 

Figure 1. Penetration of the different components of optical radiation into the eye.
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when people directly look at the Sun for long peri-
ods without adequate protection, e.g., during partial 
solar eclipses [12].

On the other hand, photochemical effects are 
mainly related to the action of the photons, being 
absorbed by specific target chromophores in the dif-
ferent eye structures (Figure 1). Photochemical ef-
fects can result from intense short-term exposures 
and repeated exposures exerting chronic damage 
(i.e., inflammation, DNA mutations, formation of 
reactive oxygen species, protein denaturation, etc.) 
over many years [2, 4, 9, 13]. The acute effects of UV 
exposure mainly involve the ocular surface, particu-
larly the cornea and the conjunctiva. Intense expo-
sure to unprotected eyes can induce a photochemical 
lesion with acute and painful inflammation, red-
ness, and photophobia, called photo keratitis and 
photo conjunctivitis, often presenting together [2, 
4, 9, 13]. In contrast to thermal burns, UV-related 
injuries involve a latency period before appearance 
(usually about 30 minutes for the eyes). The rea-
son is that UV rays need sufficient time to interact 
with the biological tissues and, in particular, with 
the chromophores inside the corneal and conjuncti-
val cells, inducing the disruption of chemical bonds 
and the formation of new chemical bonds as a re-
sult of the energy released by the photons, therefore 
initializing the inflammation process [2, 4, 9, 13]. 
The massive penetration of UV rays in the eyes only 
happens when the visible component of the OR 
arising from the same exposure source is not suffi-
ciently intense to cause glare and trigger consequent 
defense mechanisms of the eye. This can happen, 
for example, when UV rays are reflected by white or 
polished surfaces to penetrate the eyes, while direct 
exposures are shielded [2, 4, 9, 13]. Photo keratitis 
and photo conjunctivitis are possible on fresh snow 
surfaces [14] because of their high UV reflectance. 
Another possibility is using protective equipment 
such as eyeglasses or masks not explicitly designed 
for filtering the different UV components. In these 
cases, even if the equipment blocks a fraction of the 
OR, some bands of the UVR can reach the ocular 
surface, potentially causing acute damage.

Nevertheless, it should be noted that, in the case 
of SR exposure, these events are improbable, as 
all plastic lens materials block the most energetic 

SR), while UV-B and UV-A are absorbed in the oc-
ular surface and the crystalline lens. A small amount 
of UV-A (approximately 1-2% on average, depend-
ing on age, higher during childhood and lower at 
older ages) is also absorbed in the retina. The retina 
absorbs visible radiation and IR-A, while IR-B and 
IR-C mainly interact with the ocular surface, with 
the remaining IR-B absorbed by the lens (Figure 1) 
[2, 4, 8-9]. When considering how the different OR 
bands reach the eyes, it must be noted that various 
anatomical and physiological protections prevent 
excessive OR exposure, allowing good vision and 
decreasing the amount of harmful radiation ab-
sorbed by the eyes’ structures. Firstly, the frontal and 
orbital bones of the skull provide anatomical pro-
tection, particularly against overhead OR exposures. 
Also, eyelashes, eyelids, and eyebrows have a signifi-
cant protective function.

Moreover, various involuntary ocular reflexes 
defend the eyes from intense direct OR exposures, 
e.g., squinting and aversion responses, occur in a few 
fractions of a second [2, 4, 8-9]. The pupillary reflex 
is probably one of the most critical reflexes as, de-
pending on the light intensity, there is the regula-
tion of the pupil’s diameter, increasing the amount 
of OR reaching the macula when light is scarce 
(mydriasis) and decreasing it when light is more 
intense (miosis). This reflex is specifically aimed at 
providing good vision under different illumination 
conditions, but it is also a suitable defense mecha-
nism from excessive retina exposure to hazardous 
OR components [4, 9-10].

As introduced above, the effects of OR can be 
based on thermal or photochemical mechanisms. 
Thermal effects are due to an increase in the tem-
perature of the eye, with adverse health effects only 
occurring if the energy has sufficient power. Oth-
erwise, the tissue dissipates the heat with no health 
consequences [8]. For these reasons, the thermal 
effects of OR within the eye are mainly acute and 
more typical after exposure to artificial sources that 
can focus high energies on small regions of the eyes, 
e.g., in case of accidental exposure to LASERs [11]. 
These exposures can result in ocular thermal burns 
involving superficial and inner structures, such as 
the retina [8, 11]. It should be noted that, in the case 
of SR exposure, thermal retinal damage may occur 
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Pterygium prevalence is significantly higher 
among male subjects, who are more likely to per-
form outdoor work compared to females. In gen-
eral, the reported prevalence estimates are highly 
variable, primarily depending on the latitude of the 
study’s location. However, it is generally agreed that 
a higher disease prevalence correlates with lower 
latitudes, ranging, according to a recent systematic 
review, from 2.5% to 52% in the adult populations 
included [20]. Overall, outdoor work was strongly 
associated with the occurrence of pterygium, with 
research reporting significantly increased odds ra-
tios in almost all the studies published on this topic 
[20], reaching values up to a 4-fold increased likeli-
hood of OW developing the disease compared to 
indoor workers [20-21]. Another possible result of 
high-level chronic exposure to solar UV is decom-
pensation of the cornea, in which loss of corneal 
endothelial cells breaks down the mechanism that 
maintains dehydration of the corneal stroma. These 
observations were reported for welders and some 
OW several years ago, while currently, the increased 
standards for eye protection seem to have signifi-
cantly reduced the occurrence of these UV-related 
corneal disorders [22].

Penetrating through the ocular surface, the UV 
component of SR, mainly UV-A but also a fraction 
of UV-B [23], can induce long-term photochemi-
cal damage of the lens based on photo-oxidative 
mechanisms resulting in a UV-induced cataract 
[24]. There is solid mechanistic and experimental 
evidence suggesting that UVR induces cataracts 
through photo-oxidation and inflammatory re-
sponse pathways, as well as through causing DNA 
damage. Animal studies also support a causal effect 
of UVR in the development of cataracts. In addition, 
epidemiological studies have shown strong support 
for an association between personal solar UVR ex-
posure and the development of cortical cataracts 
and possibly other forms [23-24]. According to the 
World Health Organization (WHO), in 2006 the 
population-attributable fraction of cortical cataracts 
associated with SR was 25% [2].

Moreover, within its global health estimates of 
the total disease burden due to SR exposure, the 
WHO calculated a loss of 529.242 DALYs glob-
ally from cataracts attributable to solar UVR, with 

UV-B component and some UV-A, and many are 
treated to extend the blockage to near 400 nm. 
Meanwhile, glass lenses are less effective in blocking 
near UV if not adequately integrated with specific 
filters, and so are rarely used, especially in occupa-
tional settings, but even these materials can block 
most UV-B. Photoretinitis is another possible re-
sult of acute ocular exposure to SR. This is a photo-
chemical lesion in the retina induced by UV-A and 
short-wavelength visible light (“blue light”) [4, 8-9, 
13-15]. It is unlikely to occur in OW since it re-
quires affected individuals to stare directly at a very 
intense source like the Sun (e.g., eclipse retinopathy) 
for an extended period.

As noted earlier, photochemical effects are also 
possible due to long-term exposure: this is called 
the reciprocity rule of photobiology, known as the 
Bunsen-Roscoe law [16]. This is why OWs exposed 
to SR, mainly because of its UV component, are not 
only at risk for acute ocular effects that, according to 
a medico-legal definition, are occupational injuries 
but are also more likely to develop long-term ad-
verse eye effects related to SR exposure.

3. Non-Carcinogenic Chronic Adverse 
Eye Effects Related to Long-Term 
Occupational Solar Radiation Exposure

The main non-carcinogenic long-term adverse 
eye effects induced by SR exposure that are prevent-
able include pterygium for the ocular surface, cata-
racts for the lens, and, possibly, as the evidence level 
is still considered insufficient, macular degeneration 
for the retina [2].

The photochemical damage related to cumulative 
SR exposure, and in particular to its UV component 
absorbed at the ocular surface (i.e., cornea, conjunc-
tiva), can determine a chronic inflammatory stimu-
lus inducing pathological alterations with abnormal 
growth of the corneal and conjunctival cells [10, 17]. 
This may result in various diseases, some more likely 
to present as aesthetic alterations with no clinical 
relevancy, such as pinguecula [18]. However, others 
are more severe and potentially affect visual function 
if not treated, such as pterygium, abnormal growth 
of the conjunctiva from the nasal angle of the eye to 
the center, and finally, covering the cornea [19].
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Regarding epithelial tumors, corneal and conjunc-
tival squamous cells can develop carcinomas similar 
to the skin. Although extremely rare, research has 
demonstrated that epithelial tumors are associated 
with cumulative solar UVR exposure [33]. The inci-
dence rates of these cancers (i.e., < 1 case per million 
people in Europe) are low for sufficient statistical 
power to perform epidemiologic studies in groups 
of OW, which are therefore lacking [33-34]. Nev-
ertheless, various reports indicate that squamous 
cell carcinomas of the cornea and the conjunctiva 
show an increased incidence in countries at lower 
latitudes, such as African countries and Australia 
compared to Europe and the USA [34]. Among the 
few available epidemiological studies investigating 
possible risk factors for epithelial eye tumors, Lee 
et al. found an increased odds ratio of 7.5 (CI 95% 
1.8-30.6) for chronic SR exposure, in particular at 
younger ages for those living 30° or less from the 
equator [35].

Although melanoma of the eye is rare (incidence 
<10 cases per million people), it is the most frequent 
intraocular malignancy among adults. This cancer 
is more frequent and aggressive than corneal and 
conjunctival carcinomas, with an increased risk of 
metastasis [33-34]. Intraocular malignant tumors 
have been reported as possibly associated with UV 
exposure, particularly in welders [33, 36]. Still, an 
increasing number of studies suggest a possible as-
sociation with excessive SR exposure [33-34]. Nev-
ertheless, as is the case with skin melanoma, which 
is believed not to be associated with cumulative 
UVR but only with repeated sunburns, there is still 
some scientific debate on the association of ocular 
melanoma with cumulative SR exposure, typical of 
OW [37].

5. Prevention of the Ocular Damage 
Related to Occupational Solar Radiation 
Exposure: A Focus on Health Surveillance

Considering the prevention of ocular damage 
related to occupational SR exposure, the usual ap-
proach includes a risk evaluation and, based on it, 
the implementation of adequate protective meas-
ures and health surveillance of exposed workers.

Risk evaluation of outdoor worker exposure to 
SR generally consists of estimating or measuring 

higher proportions of cortical cataracts at lower 
latitudes [2]. These estimates only covered cortical 
cataracts: more recently, new evidence also emerged 
showing a positive association between the perfor-
mance of outdoor work with SR exposure and the 
development of nuclear cataracts [25], while other 
forms with posterior subcapsular opacities seem 
more related to lens damage induced by other types 
of radiation, particularly those which are ionizing 
in nature [26]. When it is considered that cataract 
is the leading cause of blindness worldwide, along 
with the significantly increased risk for OW of de-
veloping lens opacities [25], the WHO, together 
with the ILO, recently included solar UVR-induced 
cataract as one of the outcomes addressed in their 
joint project for estimating the work-related burden 
of various diseases [27].

Finally, another non-carcinogenic chronic eye 
disease should be mentioned here: age-related mac-
ular degeneration (AMD), currently the most im-
portant cause of vision loss in adults above 50 in 
high-income countries [28]. A hypothesis states 
that chronic photo-oxidative retinal damage is one 
of the main pathogenic pathways inducing degen-
erative disease [29]. In addition to UVR, as highly 
energetic blue light can induce photo retinitis, it 
may be supposed that chronic blue-light-related 
photochemical damage of the macula may play a 
role in the development of AMD [30]. Moreover, 
it should be noted that SR reaching the retina in-
cludes a small amount of UV-A in addition to blue 
light [15, 31]. Although the experimental evidence 
demonstrating AMD induction after long-term SR 
exposure is still considered inadequate, several epi-
demiological studies show AMD associations with 
outdoor work performance. A recent systematic re-
view found ten studies with significantly increased 
odds ratios up to a 3-fold increased likelihood of 
developing AMD due to outdoor work [32].

4. Carcinogenic Eye Effects Related to 
Long-Term Occupational Solar Radiation 
Exposure

Eye tumors are rare, with two main groups related 
to SR exposure considered relevant for prevention 
purposes: epithelial tumors of the ocular surface and 
melanoma of the eye [33].
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harmful OR directly reaching the skin and the eyes 
of the workers. All the artificial and natural surfaces 
in the work environment must also be evaluated 
based on the albedo properties of the specific mate-
rials: as anticipated, the eyes are naturally protected 
from overhead exposure. At the same time, reflec-
tions are a relevant issue that must be prevented 
[46-48]. Considering organizational measures, these 
usually consist of the provision of (i) work breaks to 
be spent indoors or at least under well-shaded areas; 
(ii) modification of the working hours according 
to the season of the year (e.g., in summer, starting 
earlier in the morning and avoiding, or at least sig-
nificantly reducing, the work activities during the 
central hours of the day when the UV index is ≥3); 
and (c) rotation of the exposed personnel. Individual 
protection mainly includes using personal protective 
equipment (PPE) [46-48]. Regarding ocular SR 
exposure, appropriate PPE includes eye protection 
and hats [49-50]. Sunglasses adequate for use at the 
workplace should comply with the requirements of 
standards for PPE [51-52], both in terms of the 
ability of the lens to properly filter all the harmful 
OR bands included in the SR spectrum, especially 
UVR (with appropriate labeling on the PPE), and 
of the shape of the sunglasses. Good sunglasses must 
have ample and properly shaped lenses that can be 
worn close to the eyes to enhance their protective 
function and prevent SR exposure from overhead or 
the side, and wide temples to protect the skin close 
to the eye. Moreover, the lenses must be appropriate 
for the specific type of activity performed: e.g., able 
to resist chemical or physical agents if needed, break 
and scratch resistant, anti-glare, etc. [46-48].

The choice of appropriate head covering de-
pends on the type of occupational outdoor activ-
ity. In agriculture and fishing sectors, for example, 
broad-brimmed or legionnaire hats can shield the 
forehead and eyes appropriately. In the construction 
sector, workers must wear safety helmets that, for 
better protection against the risk of excessive SR ex-
posure, can be larger on the front to shield the fore-
head and supplied with brim attachments to protect 
the ears and neck [46-48].

Moreover, as introduced above, to improve pre-
vention, in case of residual risk after the assessment 
process and the implementation of other preven-
tive measures, a specific health surveillance program 

personal SR exposures of workers and comparing 
these to accepted occupational exposure standards. 
The standards produced by the ACGIH and IC-
NIRP provide ‘acceptable’ exposure limits for the 
prevention of acute and chronic eye conditions [13, 
38]. Measurement of personal SR exposure of OW 
can be undertaken using a variety of techniques, 
including plastic film dosimeters [39], biological 
dosimeters [40], and electronic dosimeters [41]. 
However, these measurements primarily describe 
skin exposure, whereas there is a range of additional 
factors influencing ocular SR exposure. As such, 
ocular SR exposure has been assessed in a series of 
studies using dosimeters attached to manikins [42], 
sunglasses of OWs [42-43], and purpose-designed 
SR dosimeter contact lenses [44]. These studies 
have assessed SR exposure at the eye’s surface and 
reported their results in terms of an ‘Ocular Ambi-
ent Exposure Ratio’ (OAER, i.e., the proportion of 
ambient SR which reaches the eye). The reported 
OAERs have varied dramatically from 4% to 46% 
[27], with an average annual OAER of 13% con-
sidered representative across job categories and 
seasons [45]. As such, to complete a risk evalua-
tion for ocular SR exposure, the OAER is applied 
to personal SR exposure measurements, and these 
are then compared with the occupational exposure 
standards to determine whether there is an elevated 
risk of adverse eye conditions. Nevertheless, there 
is still a lack of data on ocular SR exposures in the 
occupational setting, and this may limit the possi-
bilities of an adequate risk evaluation and detailed 
epidemiological research on the associations be-
tween work exposures to various OR components 
and eye damage.

Adequate preventive measures, including those 
aimed at the collective and the individual imple-
menting these measures, should be coordinated 
through a Sun Safety Program, part of a workplace’s 
Occupational Health and Safety Management 
System [46]. Considering SR exposure as an oc-
cupational risk factor, collective prevention can be 
provided with engineering and administrative con-
trols. A fundamental collective measure for preven-
tion is the adequate information and training of the 
workers on the risks and their reduction. Technical 
interventions include the coverage and shading of 
the outdoor workplaces to reduce the amount of 
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surveillance would be the primary prevention, or 
at least (if the damage has already developed in its 
initial phase) early diagnosis of these diseases and 
their precursory ocular changes. Health surveil-
lance programs usually include pre-employment 
and periodic medical examinations by trained oc-
cupational physicians, who may require, on an 
individual basis, supplementary assessments and 
management by ophthalmologists and optome-
trists for the specific problems detected [46-47]. As 
UVR is a carcinogenic agent, even if eye tumors are 
rare, the additional carcinogenic risk for the eyes 
of the exposed workers also has to be considered 
[33]. Finally, SR-related eye diseases occurring in 
OW should be reported to national compensation 
authorities so that they can be recognized as oc-
cupational diseases, thus raising awareness of the 
problem among the general public and exposed 
workers, as well as among employers, occupational 
health and safety professionals, and policymakers, 
who are often not fully aware of the problem [46-
48]. Currently, these diseases are underreported, if 
not totally neglected, in countries that include such 
diseases in the available lists of occupational dis-
eases and in countries that do not consider them. 
Accordingly, it is vitally essential that SR-related 
eye diseases be included in the official lists of oc-
cupational diseases in all countries. Such an ap-
proach is considered one of the first steps to fully 
recognize these pathologies as being related to out-
door work and therefore notified and compensated 
appropriately.

6. Conclusions

Epidemiological studies consistently report in-
creased eye diseases among workers with long-term 
exposure to SR, including pterygium, cataracts, eye 
tumors, and, possibly, macular degeneration. These 
diseases should be recognized as “occupational dis-
eases”, but they are frequently not reported to the 
national compensation authorities. To prevent the 
burden of these work-related eye diseases, an ad-
equate risk evaluation with the identification of ap-
propriate preventive measures (e.g., eye protection) 
and the provision of health surveillance programs 
for exposed workers (and in particular for those with 

should be set up for the exposed workers. It is un-
common to see health surveillance programs ad-
dressing OW to prevent SR-induced adverse eye 
effects [46]. In many countries, recent increased 
awareness of the need to protect OW from harmful 
SR exposure has been reported. However, the fo-
cus of these health surveillance activities is generally 
related to preventing possible adverse skin effects 
[48]. One of the main challenges in fully recogniz-
ing SR as an occupational risk factor is the unavail-
ability, in the vast majority of the countries of the 
world, of regulations that identify an occupational 
exposure limit for SR, with this providing different 
considerations for ocular and skin exposures [27].

Another fundamental element for preventing 
SR-related adverse eye effects is the need to iden-
tify workers belonging to susceptible groups, which 
may be more susceptible to developing ocular and 
skin diseases, and therefore deserving of focused 
attention during preventive health surveillance ac-
tivities [46-47]. Considering adverse ocular effects, 
a non-exhaustive list of possible conditions increas-
ing susceptibility includes workers with alterations 
of the iris (e.g., coloboma or aniridia), with condi-
tions determining chronic dilation of the pupil or 
with the absence of the lens (aphakia) or surgical 
removal of the lens (pseudophakia). In these cases, 
the alterations of the ocular structures result in pos-
sibly different levels of penetration of blue light and 
UV radiation into the eye. Other conditions to be 
potentially evaluated during health surveillance in-
clude those related to possible indications of early 
damage, e.g., the identification of drusen for macu-
lar degeneration or small opacities for cataracts. In 
such cases, the workers should be followed closely, 
as long-term exposure to SR may worsen the con-
dition. Finally, other individuals who should be in-
cluded among the group of susceptible workers are 
those with monocular vision, as in this case, the 
induction of disease in the healthy eye can lead to 
vision loss [46-47].

We argue, therefore, that a specific health sur-
veillance program should be established for all 
workers exposed to potentially harmful solar UVR 
levels and, in particular, for those with a potentially 
increased susceptibility. Considering SR-associ-
ated adverse eye effects, the objective of this health 
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