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ABSTRACT

The lack of accurate personal ocular dosimetry remains an obstacle to the
investigation of a possible association between exposure to solar ultraviolet
radiation (UVR) and ocular disorders. UV-B is considered to have the most
damaging effect on the eyes and skin and is thought to be an important risk factor
in the development of cataract, climatic droplet keratopathy (CDK), pterygium and
possibly age-related macular degeneration (ARMD). Currently there is insufficient
data on the range of ocular exposure in human populations who are considered to

be at risk.

A personal UV headband was designed to measure solar UV radiation in the range
of 280nm-310nm (the UV-B region). This device _conis.isted of two UV sensors
connected to a Psion data logger. Twenfy outdoor workers in Mongolia were
requested to wear the personal UV headband for one day. In the Gambia the
personal UV headband was used to measure the ocular UV exposure with the
head in different positions in relation to the sun, and when headgear with different

sized brims was worn.

Consistent with previous findings, the intensity of ambient UV-B was greatest
between 11am - 3pm. However, analysis of the Ocular Ambient Exposure Ratios
(OAER) data averaged across all subjects revealed that OAER's tended to be

higher in the morning and decreased during the day.

Of the different types of brimmed hat tested for sun-protection, only wearing a hat
with a 12.7 cm brim was found to significantly reduce the incident UV from both the

front and side of the eye.



It is possible to measure the ocular exposure to solar UV radiation in a dynamic
way through the use of the personal UV headband. The exact time interval and the
dosage of solar UV exposure close to the eye can be measured enabling the

OAER to be calculated over a range of different environmental circumstances.

Environmental conditions and human behavioural factors played an important role
in ocular UV exposure. Individuals may be exposed to dangerous levels of UV-B in
the early part of the day and therefore need to take appropriate precautions to

reduce UV exposure throughout the entire day.
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1. INTRODUCTION

1.1 The importance of measuring solar ultraviolet radiation

Solar radiation energy supports the existence of all life on earth and is the source
of heat and light. Approximately two-thirds of this energy reaches the earth’s
surface, of which, 40% is in the visible spectrum and 5% is ultraviolet light (Diffey,
1982). The remaining energy is reflected, absorbed or scattered by the earth’s
atmosphere. It is the ultraviolet radiation (UVR), especially UV-B which is of major
concern with respect to the health of human, plant and marine life. In Agenda 21
of the World Environment Conference held in Rio de Janeiro in 1992 it was
recommended to “undertake as a matter of urgency, research on the effects
on human health of the increasing ultraviolet radiation reaching the earth’s
surface as the consequence of the depletion of the stratospheric ozone
layer”. The measuring of solar UV is therefore important for the continuation and

development of life on earth.

1.2 Properties of solar ultraviolet

The sun emits radiations ranging in wavelength from 0.01 nanometres (nm) or (one
billionth of a meter) (10'9m) to 100km. Ultraviolet is one of the non-ionising
radiations in the electromagnetic spectrum in the region of 100nm to 400nm. Solar
UV radiation is non-visible to the human eye and is usually divided into UV-C (100-
280 nm), UV-B (280-315 nm) and UV-A (3156-400 nm). This system has been

standardised by the International Commission on lllumination (CIE 1987).
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Fig. 1 The electromagnetic spectral bands
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The spectrum of the non-ionising radiation ranges from short-wavelength UVR
(wavelength 100nm) to far-infrared radiation (wavelength 1mm). The visible
spectrum lies between 400nm (indigo) to 780nm (red). The frequency of
electromagnetic radiation is expressed in the mathematical formula: f=c¢ / A, where
¢ = 3 x 108 m/s, which is the velocity of light in metre per second, A is the
wavelength in metres and f is the frequency in Hz. The energy carried by a photon
is directly proportional to its frequency; thus the shorter the wavelength, the higher
the energy and the more powerful the biological effect of the radiation. The high-
energy photons such as X - rays cause an electron to be removed from its atomic
structure causing ionisation. The low-energy photons such as microwaves, carry
energy which affect the vibrational state of a molecule and produce heat. Oxygen
in the atmosphere absorbs all wavelengths less than 200 nm, and the stratospheric
ozone absorbs within the range of 200nm to 320 nm, which is part of the UV-C
component (100nm - 280 nm). Therefore, solar UV-C does not reach the earth’s
surface. Apart from laboratory workers, only those in specialised occupations,
such as arc welders, encounter UV-C on earth. The amounts of non-ionising

radiation that reach the earth’s surface are: 55% infrared, 40% visible light and 5%

20
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The stratospheric ozone layer serves as a filter to screen out and reduce most of
the biologically damaging ultraviolet light (UV-B) from the sun, which would
otherwise reach the earth’s surface. The ozone absorbs solar UV radiation and
creates a source of heat, which forms the stratosphere itself and therefore plays a
vital role in the temperature structure of the earth’s atmosphere. Although solar UV
radiation is the strongest near the equator, UV levels have dramatically increased
over the past 25 years in Antarctica, Chile, and New Zealand, especially in the

springtime (Fig. 3). This is due to the ozone hole in the southern hemisphere.

The depletion of stratospheric ozone is due to the reactions of gases such as
chlorofluorocarbons (CFCs), carbon tetrachloride, methyl chloroform and halons
discharged into the atmosphere as a result of the activities of industrialised
civilisations. (Rowland, 1988). Volcanic eruption is a natural cause of depletion of
the ozone layer. The ozone is measured by the Dobson Units - the amount of
ozone directly above a point on the Earth's surface. The unit is named after GMB
Dobson (1889-1976) - An Oxford University scientist who was one the first
scientists to investigate atmospheric ozone. He designed the 'Dobson

Spectrometer' - the standard instrument used to measure ozone from the ground.
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1.2.4 Altitude and Latitude

UV intensity increases with altitude because there is less atmosphere to absorb the
UV radiation. Thus, the higher the altitude, the greater the risk of overexposure.
The intensity of ultraviolet energy increases by 4% for every 300 metre increase in
altitude above sea level (Diffey, 1987). At higher latitude, the sun is lower in the
sky, UV radiation travels a greater distance through the earth’s atmosphere and

therefore exposes those latitudes to less UV radiation (Diffey, 1990).

1.2.5 Cloud cover

Cloud cover in the atmosphere may attenuate solar UV radiation from reaching the
earth’s surface. Although UV radiation may penetrate a thin layer of cloud, thick
cloud blocks out solar UV radiation. Under certain conditions, distant cloud cover,
may act as a reflector which enhances solar UV radiation reaching the earth. Even
with heavy cloud cover the scattered ultraviolet component of sunlight is seldom

less than 10% of that under clear sky (Paltridge and Barton, 1978).

1.2.6 Scattering in the atmosphere

Air molecules in the atmosphere scatter solar radiation known as Rayleigh and Mie
scatterings. The scattering of light by gases was first treated quantitatively by Lord
Rayleigh (1842-1919), a Cambridge physicist, in 1871 in an effort to explain the
blue colour of the sky. Rayleigh scattering is the scattering of light by particles
smaller than the wavelength of the light, which can be extended to scattering from
particles up to A of the wavelength of the light. It is this wavelength dependence
of Rayleigh scattering which results in a blue sky on a clear day. Gustav Mie
(1868-1957) was a German physicist who developed a rigorous method to

calculate the intensity of light scattered by uniform spheres in 1908. Mie scattering
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1413 Medicine

Artificial UV radiation has been used in the diagnosis and treatment of oral and skin
disorders. The diagnostic uses are largely confined to fluorescing of skin and teeth
to identify the presence of fungal and bacterial infectious agents. UV phototherapy
is a well-established method for treatment of skin disorders such as psoriasis,
severe itching, acne, eczema, polymorphic light eruption (PLE), pityriasis rosea and
urticaria, and for renal failure (Green et al., 1992). Seasonal Affective Disorder
(SAD), which does not occur in more equatorial latitudes, is frequently treated by
exposure to sources of high illumination which contain small amounts of UV-A and
UV-B radiation (Terman et al., 1990). Phototherapy is sometimes used for the
treatment of neonatal jaundice or hyperbilirubinaemia. The lamps used may also
contain a UV component (Gies & Roy, 1990; Sliney & Wolbrsht, 1980). Teeth
repairs such as pits and fissures are treated using an adhesive resin polymerised

with UV-A (Eriksen, 1987).

1.4.1.4 Industry

Artificial UV radiation has also been used for sterilisation in industry. UV radiation
with wavelengths in the range of 260-265nm are the most effective for sterilisation
and disinfection since it corresponds to a maximum in the DNA absorption
spectrum. UV-C radiation has been used to disinfect sewage effluent, drinking
water, water for the cosmetic industry and swimming pools. Germicidal lamps are
sometimes used inside microbiological cabinets to inactivate airborne and surface
micro organisms (Diffey, 1990). Sun beds used for skin tanning in the cosmetic

industry use artificial UV radiation with wavelengths in the UV-A spectrum.
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grow rapidly in size. Melanoma can spread (metastasize) quickly to other parts of
the body through the lymph system or through the blood. (Lymph nodes produce
and store infection-fighting T-cells). The incidence of malignant melanoma has
continued to increase worldwide. Individuals with light skin are affected more
frequently than those with darker skin living in the same geographic location. The
risk of skin cancer decreases with increasing skin pigmentation. Basal cell
carcinoma and squamous cell carcinoma are the most common type of malignancy
in Caucasians. The majority (90%) of malignant melanoma appears on the head
and neck and approximately 10% involve the eyelids (Kanski, 1994). These are
the areas of the body most exposed to the sun. Melanoma is strongly related to

the frequency of recreational exposure to the sun and to a history of sunburn.

1.4.24 The immune system

Chronic exposure to UV radiation leads to a decrease in the number of Langerhans
cells in the epidermis of the skin and changes their antigen presentation. This
causes a local decrease in resistance that is intensified by the induction of T-
lymphocytes with suppressor activity. This is also a systemic influence since the
altered Langerhans cells migrate to the lymphoid glands and change the pattern of
recirculation of the T-lymphocytes. UV radiation induces keratinocytes to produce
various interleukins. These can influence the immune system both locally and
systemically. UV radiation may therefore lead to immunosuppression (Moodycliffe
et al., 2000). UV radiation may induce or aggravate autoimmune disorders such as
systemic lupus erythematosus; 40%-50% of these patients suffer from

photosensitivity (Dubois & Tuffanelli, 1964).
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Effects of solar UV-A and UV-B on the human immune system
(McKenzie, 1994)
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(Baasanhu et al., 1994). Although CDK has not been reported as being induced by
UV radiation in experimental models, it occurs in areas with high altitudes and
snowfall, such as Mongolia, Siberia and parts of Canada (Johnson, 1981). CDK is
common in deserts such as Somalia and Australia and on sea coasts, with white
sand and salt which form a highly reflective surface, such as the islands of the Red
Sea (Gray et al., 1992). This is therefore some ecological evidence of an
association between CDK and solar UV radiation. A cross-sectional study of
Australian aborigines (Taylor, 1981) found no association between CDK and
exposure to solar UV-B. A further cross-sectional study of watermen (Taylor et al.,
1989) in Chesapeake Bay found a weak association between CDK and exposure to
solar UV-B but further analysis of this data suggested the risk of CDK may also be
related to solar UV-A. (Taylor et al., 1992). CDK has a geographic association with
dose of reflected UV in Eastern Canada (Johnson, 1981). In Mongolia and
Laborador it occurs in people who frequently have snow blindness. (Johnson,

1981; Baasanhu ef al., 1994).
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Table 3 Prevalence of Climatic Droplet Keratopathy (CDK)

Location Age group Mﬂles Fer:\a|es Ov:arall Authors/Date of publication
Dahlak Islands All ages 4£7 42A.’0 % Rodger, 1973
N.Cameroon 10+ 21.7 12.6 17.2
40-49 441 36.4 40.3 Anderson & Fugisang, 1976

50+ 65.2 52.0 60.6
Australia All ages 0.7 The Royal Australian College

>45 41.0 8.0 of Ophthalmologists,

1980

Labrador All ages 18.9 Johnson GJ et al., 1981
South Africa,
(semi-arid) All 14.0 10.4 11.7 Hill, 1985
Chad,
(subdesert) 40+ 15
(sahel) 40+ 7.0 Resnikoff, 1988
(tropical) 40+ 1.7
South Africa: Hill et al., 1989
(rural All 14.0 10.4 11.7
Transkei)
Chesapeake
Bay 30+ 19.3 19.0 Taylor et al., 1989.
Djibouti,
(rural) All 2.8 Resnikoff et al., 1991
(urban) All 0.5
Mongolia 40+ 322 24 1 28.0 Baasanhu et al., 1994
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from the conjunctiva. It is a degenerative and hyperplastic process in which the
bulbar conjunctiva extends to the cornea where it can cause irregular astigmatism
and obscure vision. It occurs most commonly in tropical regions or places with a lot
of sunshine. An observation study of pterygium in New Zealand and the South
Pacific suggested pterygium was associated with UV exposure (Elliot, 1961). The
watermen study (Taylor et al., 1989) also suggested pterygium was associated with

UV exposure, however it is probable that UV was not the sole cause.
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Table 4 Prevalences of pterygium, arranged by latitude.

Location Approx. Ages Percentages Authors/Date of
Latitudes Publication
Men Women | Overall

Australian 8-38°S The Royal Australian
National College of
Trachoma and Ophthalmologists,
Eye Health 1980
Programme
(NTEHP)
Australia 60+ 14.0

all 3.2

ages
Others 40-59 9.9 44

all 1.1

ages
Labrador 57°N all 2.8 Johnson et al.,

ages 1981
South Africa, 32°S all 5.04 6.19 5.72 Hill 1985
semi-arid
South Africa, 32°S all nil 0.74 0.46 Hill et al., 1989
rural Transkei
Blue Mountains, 34°S 49+ 11.0 4.5 7.3 Panchapakesan et al.,
Australia 1998
Singapore 1°N 40-79 11.2 2.6 6.9 Wong et al., 2000
Victoria, 36-39°S McCarty et al., 2000
Australia

Urban 40+ 1.76 0.71
Rural 40+ 9.78 3.83

Urban and rural 40+ 2.83
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Cataract is the major cause of visual impairment and blindness world-wide. It is
estimated 15 million people are blind from cataract accounting for nearly half of the

38 million blind cases in the world (Thylefors et al.,1996).

There are three main types of cataract: cortical cataract (located at the cortex of
the lens), nuclear cataract (located in the centre part of the lens) and posterior
subcapsular cataract (located at the posterior cortex of the lens). Experimental
studies in animals have indicated that exposure to UV radiation can cause lens
opacity leading to cataract (Séderberg, 1990; Breadsell et al., 1994; Michael et al.,
1996). Epidemiological studies have shown a positive association between
exposure to sunlight and the prevalence of opacities in the cortex (Katoh ef al.,
2001; Sasaki et al., 2001). Although cortical cataract is considered to be related to
sunlight exposure only a weak positive association has been found between
exposure to sunlight and the development of posterior subcapsular cataract and no
association has been demonstrated for nuclear cataract (Talyor et al., 1989).
Brilliant & colleagues (1983) showed that there was a low prevalence of cataract in
the highlands of Nepal compared with high prevalence of cataract in places of
lower elevation in India and claimed that there was no association between UV
radiation and cataract. In Mongolia, cataract was not found to be particularly
severe or more frequent among persons living at lower altitudes and UV exposure

(Baasanhu et al., 1994).

It is important to establish whether UV radiation accounts for much of the world’s
burden of blindness due to cataract. If this is found to be the case, relatively simple

preventive measures could be implemented, for example, supplying everyone with
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Table 5 Summary of the main effects of solar UV radiation on human health

Nature of effect Harmful/ Strength of
Beneficial evidence for
effect
Effects on the skin
Sunburn Harmful Sufficient
Skin ageing Harmful Sufficient
Squamous Cell Carcinoma Harmful Sufficient
Basal Cell Carcinoma Harmful Sufficient
Malignant Melanoma Harmful Sufficient

Effects on immunity and infection

Suppression of cell-mediated immunity Harmful Sufficient
Increased susceptibility to infection Harmful Inadequate
Effects on the eyes
Photokeratitis Harmful Sufficient
Climatic droplet keratopathy (CDK) Harmful Limited
Pinguecula Harmful Limited
Pterygium Harmful Limited
Cataract Harmful Limited
Age-related macular degeneration (ARMD) Harmful Limited
Solar Retinitis Harmful Limited
Other effects
Vitamin D production Beneficial Sufficient
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1.5 Epidemiological studies of eye diseases and UV exposure

Several different types of epidemiological study designs have been used to
investigate a possible link between particular on eye diseases and solar UV
exposure. These include the prevalence study (cross-sectional study), the case-

control study (retrospective study) and the longitudinal study.

P
Thé prevalence study is a study that examines the relationship between diseases

and other variables of interest as they exist in a defined population at one particular
time. The temporal sequence of cause and effect cannot necessarily be
determined in this type of study. The Chesapeake Bay watermen study (Taylor et
al.,, 1988, 1989, 1992) and the Beaver Dam study (Cruickshanks et al., 1992, 1993)

are examples of such prevalence studies.

A case-control study is a study that starts with identification of people with the
disease or outcome of interest (cases) and a suitable control group without the
disease or outcome. The relationship of an attribute (intervention, exposure or risk
factor) to the outcome of interest is examined by comparing the frequency or level
of the attribute in the cases and controls. The investigation of the role of exposure
to UV-B and other potential risk factors in the development of posterior subcapsular
cataracts (PSC) (Bochow et al., 1989) and a study conducted in North Carolina to
explore the relation between individual exposure to sunlight and the risk of

cataracts (Collman et al., 1988) are examples of case-control studies.

Longitudinal studies comparing data obtained from the same or similar individuals
at different points in time. The Beaver Dam 5-year incidence study of early age-
related maculopathy is an example of a longitudinal study (Cruickshanks et al.,

2001).
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The major limitation of all of these research studies is that they have been based
either largely, or entirely, on data collection using questionnaires. This has meant
that the investigators have had to rely on the subject’s ability to recollect sunlight
exposure during the time interval under investigation and for each individual
assumptions were made about their exposure to sunlight. These assumptions
include average annual sunlight exposure based on their residential history
(Collman et al, 1988), cumulative ocular exposure to UV radiation based on their
life history and an ocular exposure model (Bochow et al., 1989), leisure time in the
sun and the use of head cover and sunglasses (Leske et al., 1991). In making
such assumptions, researchers have often neglected to consider behavioural
reactions to solar UV exposure such as squinting and turning away from the sun,
which may reduce ocular solar UV exposure (Sliney, 1983). In most of the African
Subcontinent and China it is common practice for people to take a siesta during the
midday hours (12 - 2pm) when solar UV radiation is at its peak. Therefore studies
which did not account for this may have overestimated the UV exposure dosage for
these particular groups of people. In addition, it does not necessarily follow that a
person will experience a greater amount of ocular UV exposure on a sunny day
than on a day that is overcast. Although cloud cover attenuates UV radiation,
scattering from the sides of a cumulus cloud can actually enhance it (Mims and
Frederick, 1994). Studies have measured ocular UV-B exposure through the use
of polysulphone films on mannequins which produce a static measurement of UV
exposure (Diffey, et al., 1977, Rosenthal et al., 1988). These films provide
cumulative doses of UV exposure with the added problems of within-batch
variations, dark reaction, effects of temperature and surface contamination. Since

polysulphone films yield a total measure of UV dosage, it is impossible to establish
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the precise period during which the subjects received either a higher or lower dose
of ocular UV radiation during the course of a day. Other studies have used allyl
diglycol carbonate (CR39) as an ocular UV-B dosimeter but CR39 only remains
constant up to an angle of about 50° with respect to the direct sun rays. This error
together with potential errors during the calibration procedure and in the reading of

the absorbance could contribute to an overall error of 20% (Wong, 1992).

The lack of accurate personal ocular dosimetry remains an obstacle to the
investigation of a possible association between exposure to solar UV radiation and
ocular disorders such as cataract, climatic droplet keratopathy (CDK), pterygium
and age-related macular degeneration (ARMD). At present there is insufficient
data on the range of ocular exposure in human populations who are at risk. The
use of a digitised ocular UV measuring device is therefore essential to enable any
research study to estimate ocular UV exposure in a more precise way especially in

relation to the specific UV dosage that reaches the eye at any given time.
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3. GEOGRAPHIC LOCATIONS CHOSEN

3.1 Mongolia

Mongolia is a landlocked country (Latitude 41° 35-52° 09, Longitude 87°50'-
119°54’) with an average altitude over 1,000 metres above sea level. The
environment is mainly arid with low pollution. It has a population of 2.2 million, the
majority of whom live in rural areas working as herdsmen who spend all four
seasons outdoors looking after horses, yaks, sheep and goats. Mongolia was
chosen as a study location because the herdsmen report frequent episodes of
snow blindness in the spring (snow stays on ground late into the spring) and
previous surveys have reported a high prevalence of CDK resulting in blindness
(Baasanhu et al., 1994). These people are considered to be at high risk of extreme
exposure to solar UV radiation as a result of their way of life combined with climatic

conditions.

3.2 The Gambia

The second part of the study, a comparison of headgear, was carried out in the
Gambia, which is a tropical country with high insolation. The Gambia lies between
latitude 13-15° North and is narrow strip of land some 480 km long and 42 km at its
widest point. It is the smallest country in Africa. The rainy season is short, from
June to October (average daily temperature ranging from 18-30° C) and a long dry
season follows from November to May (average daily temperature ranging from 23-

33°C).
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