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Ultraviolet radiation and health effects in the Antarctic

With the recognition that global climate change may adversely affect human health,
there has been an increase in relevant research worldwide. In the Antarctic medical
research has been largely directed at the potential health effects of stratospheric ozone
depletion. For over a decade continuous broad-band measurements of ultraviolet
radiation (UVR) have been made at all Australian stations. Results of UV
measurements are presented and comparisons made with the “ozone hole” moving
over the stations, erythemal UVR increasing by a factor of more than 2.5 over a three
day period. During late spring and despite the large difference in latitude, Davis,
Antarctica, and Melbourne, Australia, are very similar in erythemal UVR. Antarctic
immunological and photobiological research is presented and the role of UVR
discussed. Epidemiological data is reviewed for short-term links between UVR and
related disease. With increased awareness of the dangers of UVR and consequent
changes in sun-related behaviour, the incidence of the acute effects of UVR is much
lower than decades ago. As the itinerant Antarctic population spends a maximum of
12-18 months at a time in that location it is an excellent control group for studies on
the health effects of UVR on permanent populations at similar latitudes in the Arctic.
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Introduction

With the recognition that global climate change
may adversely affect human health (Haines 1991),
there has been an increase in relevant research
worldwide. Those living in the Antarctic regions
are transient visitors, whose health is unlikely to be
affected by regional temperature or precipitation
changes due to global climate change. Some
Antarctic medical research has been directed at
determining the potential health effects of strato-
spheric ozone depletion, including assessment of
the UVR environment to which humans are
subjected. This is in accord with the Scientific
Committee on Antarctic Research (SCAR) inter-
national plan for regional research on the role of
the Antarctic in global change (SCAR 1993).
Health and the ozone layer came to the fore in
the late 1980s (Mackie & Rycroft 1998) with a
number of workshops (SCOPE 1992; Acevedo &
Nolan 1993; IASC 1995) defining the current state
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of knowledge of the effects of UV-B radiation on
humans — skin, eyes and the immune system.

Data are presented from the assessment of the
ultraviolet radiation (UVR) environment at Aus-
tralian National Antarctic Research Expeditions
(ANARE) stations in the period 1988-1998, along
with the results from a number of inter-related
studies on immunology, virology, photobiology
and epidemiology. Although not answering the
health questions posed by ozone depletion, they
add to the information available on human
interaction with the Antarctic environment, espe-
cially with respect to UVR.

Subjects
Personnel on ANARE are volunteers, predomi-

nantly male, and mainly from temperate and sub-
tropical areas. Those wintering spend from 12 to
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Antarctic ozone 1997
Davis and Casey Stations

Fig. 1. Satellite ozone data for
Davis and Casey Stations,
Antarctica, from mid-August to
the end of November 1997.
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18 months continuously in Antarctica, while
summer personnel may be in Antarctica from
one to six months. Age range is from 18-64 (mean
35) years. All have passed a medical examination
prior to going to Antarctica. The experimental
protocols have been approved by Ethics Commit-
tees and all subjects have signed informed consent
forms after the procedures have been explained to
them.

UVR environment

In 1987 a UVR measurement programme was
initiated by the Australian Radiation Laboratory
(ARL), now Australian Radiation Protection and
Nuclear Safety Agency (ARPANSA), and the
Australian Antarctic Division. Since austral sum-
mer 1988-89, broad-band UVR measurements
have been made at all ANARE continental
stations, and in summer 1989-90 equipment was
installed at Macquarie Island. Finance and per-
sonnel limited the initial programme which was
later expanded by the installation of a spectro-
radiometer in summer 1993-94 at Davis. Roy,
Gies, Tomlinson et al. (1994) have described the
Antarctic network and some of the early results.
Total ozone is an important determinant of the
amount of UV-B at the earth’s surface. Large
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variations in ozone can result in very large
fluctuations in UV-B. Figure 1 shows the satellite
ozone data for Davis and Casey Stations for the
period mid-August to the end of November 1997.
Large variations occur over short time periods;
around day 270 the ozone varied from 150 to >400
Dobson units (DU) in two days. In 1997 the
“ozone hole” obviously has passed over several
times during the period under review but this
behaviour varies from year to year. The two
stations respond in a similar pattern with Casey
“lagging” by a few days, but the magnitude of
change was often different as a result of the degree
of cloud cover which in turn affects the surface
UVR.

The effect of ozone changes is most obvious
during clear sky days. Taking the large decrease in
ozone at Casey around day 290 (Fig. 1) when two
almost-clear days were measured, the erythemal
UVR has increased by a factor of more than two
and a half (Fig. 2). As the measurements were only
one day apart, little of the depicted change can be
attributed to the changing solar elevation.

The UVR has been expressed as a minimal
erythemal dose (MED). As UV-B wavelengths are
up to 1000 times as effective as UV-A wave-
lengths in producing biological effects (e.g.
erythema), it is useful to take this into account
when discussing UVR levels in terms of potential
health effects. One MED is taken as being
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Fig. 2. The effect of ozone
changes on clear sky erythemal
UVR irradiance at Casey in
October 1997. The UVR is

Erythemal UVR
Casey: October 1997
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equivalent to 200 J/m? of effective UVR. The
effective UVR is obtained by weighting the
spectral UVR by the erythemal action spectra of
the Commission Internationale d’Eclairage (CIE).
This is presented in more detail in Roy, Gies &
Toomey (1995).

It should be noted that changes of the magnitude
illustrated in Fig. 2 for clear skies are unknown
outside Antarctica. A decrease in satellite ozone
over Davis in clear skies in a five day period in late
September to early October 1997 shows a similar
response to Casey (Fig. 3). The Davis erythemal
UVR is lower but the percentage change is greater.

UVR is very dependent on the solar elevation
and hence latitude. This can be seen in Fig. 4
which shows the erythemal UVR over 1997 at
Brisbane (27.5°S), Melbourne (37.8°S) and Davis
Antarctica (68.6°S). The measurements were made
on cloud-free days spread throughout the year as
indicated. Davis shows dramatically the effect of
ozone depletion. During the late spring, and
despite the large difference in latitude, Davis and
Melbourne are very similar in erythemal UVR,
although less than that of sub-tropical Brisbane.

Epidemiology
In assessing links between UVR and related
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disease, an accurate health register is needed to
quantify the occurrence of ill-health in Antarctica;
to compare incidence rates with different popula-
tions; to assess trends and to identify those at risk.
The advent of the ANARE Health Register (King
1987; Sullivan et al. 1991) has laid the foundation
for more accurate health data collection.

However, accurate data collection does not
guarantee that one can quantify all the links
between UVR and disease, as there is no general
consensus on what are the major health con-
sequences of UVR. Armstrong (1996) summarizes
the major known or suspected health effects of
solar UVR and the strength of evidence for those
effects. Knowledge of a number of the effects has
come from animal studies; there has been limited
human research. However it is agreed that an
increase in UVR is likely to result in harmful
effects to humans.

The number of health events reported in the
ANARE Health Register in the period 1987-1998
(2000 person years) that may be related to
stratospheric ozone depletion and increased action
of UVR include erythema (sunburn) 13 (rate 6.5/
1000 person years); keratitis (snow blindness) 5
(2.5): pterygia 6 (3); cataract 2 with several further
cases being diagnosed following return to Aus-
tralia (1); skin cancer (malignant) 7 (3.5); viral
disease (specifically herpes) 129 (64.5).

It is obvious from experience that more than 13
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Fig. 3. The effect of ozone
changes on clear sky erythemal
UVR irradiance at Davis in
September/October 1997. The

UVR is expressed as minimal

erythemal dose (MED).
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cases of sunburn occurred, but many were minor
and not considered worth reporting to the doctor.
With increased awareness of the dangers of UVR,
and consequent change in sun-related behaviour
including the use of clothing, sunglasses and
sunscreens, the incidence of the acute effects of
UVR is much lower now than decades ago. This is
particularly true with regard to snow blindness.

Erythemal UVR 1997

Brisbane, Melbourne and Davis

It is doubtful if the cases of pterygia, cataract
and skin cancer resulting from chronic UVR
exposure can solely be related to the time the
individuals spent in Antarctica. Armstrong (1996)
considers that the evidence supporting the relation
between UVR and cataracts and pterygia is weak.
If cataracts and pterygia are UVR-related, ex-
posure to UVR in Antarctica may only partially

Fig. 4. A comparison of
erythemal UVR throughout
1997 at Brisbane and
Melbourne, Australia, and

Davis, Antarctica.
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contribute to the disease, rather than being the sole
cause. This can be said of other diseases associated
with UVR exposure as well.

Of the seven malignant skin cancers one was a
melanoma and six either basal cell or squamous
cell carcinomas. Australians traditionally have a
high exposure to UVR and a high rate of skin
cancer (Giles & Thursfield 1996). As Giles &
Thursfield have pointed out, non-melanocytic skin
cancer (NMSC), although the most common
cancer in Australia, is not routinely collected by
cancer registeries, thus no comparative figures are
available. Antarctic UVR may only be an added
source to prior long-term Australian UVR ex-
posure.

The number of cases of herpetic disease is of
interest and will be discussed under immunology.
Changes in immune responsiveness in Antarctica
may be an additional possible effect of exposure to
UVR, especially UV-B which has been shown to
lead to suppression of immunological responses
and to reactivate certain viruses which can exist in
a latent form in humans (Acevedo & Nolan 1993).

Reviewing the health effects of acute UVR in
Antarctica suggests that stratospheric ozone deple-
tion does not appear to have a major effect. With
the hostile environment limiting skin exposure and
people dressed in polar clothing, this lack of health
effects is not surprising. The question of health
effects of chronic exposure of the ANARE visitors
to Antarctica may have to wait until the study
currently being undertaken by P. Sullivan on the
long-term effects of wintering in Antarctica is
concluded. However, as Armstrong (1996: 154)
has pointed out, identifying the increased health
risks resulting from increases in ambient UVR
must be “based on analysis of the way in which
incidence varies geographically with changing
ambient UV.” This involves estimating amplifica-
tion factors, assuming adaptive responses remain
constant, and taking into account sun-related
behavioural and local environmental changes
together with trends in detection, diagnosis and
recording.

Immunological studies

In 1984 cell mediated immunity (CMI) was
assessed at quarterly intervals at Mawson and
Macquarie Island (Williams et al. 1986). While the
response of the Macquarie Island group was
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similar to healthy, normal populations, the Maw-
son group showed decreased cutaneous responses
with significant anergy (a state of diminished or
absent CMI as shown by the inability to react to a
battery of common skin test antigens) and
hypoergy. An explanation for the Mawson group
findings as opposed to those from Macquarie
Island was that cold, total isolation, reduced
environmental immunological triggers, psycholo-
gical and other stressors on ANARE personnel
caused a diminished immune function.

The 1984 study was repeated on a further ten
Antarctic and sub-Antarctic wintering groups over
the period 1986-92. Two hundred and twenty five
expedition personnel volunteered for this study.
The results (Muller et al. 1995) paralleled the
original study and showed that while the Macquar-
ie Island populations had levels of responsiveness
and hypoergy (9%), comparable to healthy popu-
lations in temperate zones, the Antarctic con-
tinental groups showed levels of hypoergy of 36%.
There was no seasonal variation in the pattern of
decreased immunological responsiveness, but it
was pointed out that with the lowered immunity in
Antarctica, where medical care is limited, there
may be health implications.

Immune function is modulated by a complex set
of neuroendocrine factors including sex hormones,
vitamin D metabolites and stress. Studies have also
shown a reduction in testosterone levels in
wintering ANARE expeditioners and suggested a
correlation between levels of anxiety and reduced
immune function in brief trip expeditioners.
Nineteen male Antarctic expeditioners were fol-
lowed by three monthly assessments of cell
mediated immunity, levels of testosterone and
vitamin D metabolite and psychological indicators
of anxiety (Pitson, Lugg & Muller 1996). There
was a significant reduction in immune function
during the study period, consistent with previous
Antarctic studies. Levels of testosterone, anxiety
and the immunoregulatory metabolite of vitamin
D did not alter significantly. In this group the
reduction in immune function did not show a
correlation with levels of anxiety or the hormones
studied.

At Casey in 1993, Tingate et al. (1997) found
alterations of T cell function, including depression
of CMI responses and a peak 50% reduction of T
cell proliferation to the mitogen phytohaemogglu-
tinin (PHA). T cell dysfunction was mediated by
changes within the peripheral blood mononuclear
cell (PBMC) compartment, including a paradoxi-

357



cal atypical monocytosis associated with altered
production of inflammatory cytokines (a reduction
in TNF-oo and changes in IL-1, IL-2, [L-6, I[L-1ra
and IL-10). Antarctic isolation was associated with
altered latent herpesvirus homeostasis, including
increased herpesvirus shedding and expansion of
the polyclonal latent Epstein-Barr virus infected B
cell populations. Two subsequent groups from
Davis and Mawson, both of whom exhibited
depressed CMI responses, also showed an increase
in Epstein-Barr virus reactivation early during
winter over. Viral shedding was more frequent
during the anergic or hypoergic state for most
subjects (Mehta et al. 1998).

Although no diseases could be associated with
the immune changes, the findings have important
long-term health implications for those isolated in
harsh environments. The large number of cases of
herpetic disease reviewed under epidemiology are
probably linked to the immune depression, which
in turn is linked to increased viral shedding. What
role does UVR have on the altered immune status
in Antarctica?

Photobiology

Findings of suppression of the human immune
system by UV-B and suggestions that immune
suppression by UV-B may be modulated by
urocanic acid in mammalian skin led to Aldous
and DeLeacey (Lugg 1994) studying the relation-
ship of cis and trans urocanic acid in skin from
March to November in Antarctica. There was a
winter drop of urocanic acid and a spring rise of
the cis to trans ratio. Comparisons with a control
group in Adelaide, South Australia, showed that
the results for spring in Antarctica were greater
than those in Adelaide. Correlation of the urocanic
acid levels with UV-B was not possible as the UV-
B measuring system was not in place at that time.
This research led to the initiation of the ARL/
Antarctic Division monitoring of UVR in Antarc-
tica, thus enabling the effect of seasonal radiation
fluctuations on humans in Antarctica to be
monitored.

One such study at Davis in 1991 studied the
effect of seasonal UVR fluctuations on vitamin D
homeostasis (Pitson, Lugg & Roy 1996). Vitamin
D and its metabolites are important in bone and
calcium metabolism. Vitamin D is derived from
both the skin (vitamin D3) and food (vitamin D2
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and some vitamin D3). The major source of
vitamin D in a healthy population has been shown
to be sunlight (Stamp & Round 1974; Chesney et
al. 1981). Despite the dramatic changes in UV-B
levels and subsequent changes in 25-hydroxy-
vitamin D concentration during the Antarctic
yeat, active metabolite 1, 25-dihydroxyvitamin D
homeostasis would seem to be maintained. This
means that, providing individuals with pre-existing
vitamin D deficiencies are detected before depar-
ture for Antarctica and missions are limited in
duration, clinical deficiency is unlikely to occur as
a result of the lack of UV-B in the mid-winter
period.

Synthesis

Assessment of the UVR environment at ANARE
stations on the Antarctic Continent over a number
of years as described above shows that austral
winter readings are, as expected, minimal, while
during the spring and early summer dramatic
changes occur and the effect of ozone depletion is
obvious. However during the late spring and
despite the large difference in latitude Davis and
Melbourne (temperate) are very similar in erythe-
mal UVR, although less than sub-tropical Bris-
bane. Erythemal UVR changes in Antarctica show
increases of up to two and a half times in very short
periods; changes of this magnitude (for clear skies)
are unknown outside Antarctica.

Acute effects of UVR in the form of sunburn
and snow blindness are seen but the incidence is
very low. From the ANARE epidemiological data
available it is not possible to quantify health
changes due to chronic UVR. A high rate of
disease has occurred in the same wintering groups
at ANARE stations who had repeated research
findings of lowered immunity and altered latent
herpesvirus homeostasis including increased her-
pesvirus shedding. It has not been possible to
correlate this with UVR but further research would
appear justified to assess the role of UV-B,
urocanic acid and immune changes in these
populations, arguably the most isolated on Earth.
Research as described above has shown that UVR
in Antarctica where there is deprivation of sun
exposure, is important in the production of vitamin
D; the only certain beneficial effect of UVR.

Conference and workshop proceedings have
been particularly important in focusing on research
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needed to answer questions concerning the impact
of increased solar UV-B radiation on the bio-
sphere. In assessing the health effects of ozone
depletion it is important to review the incidences
of UV-related disease in different latitudes as well
as to compare latitudes in different hemispheres.
Comparisons between north and south polar
regions may be valuable for future management
and it is hoped this symposium will become a
catalyst for such action.
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