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Abstract: - Many workers perform their daily activities outdoors undertaking different postures and many
anatomical body sites are UVR exposed. This paper aims to compare the anatomical distribution of the solar
erythemal UVR to the higher half of the body for farm workers during their usual working activity in
agriculture. This research was carried out in the experimental farm“Azienda Agraria Didattico-Sperimentale”
of Università Politecnica delle Marche. Measurements of solar ultraviolet radiation and ultraviolet radiation
exposure received by some particular anatomical sites in the higher half of the body were investigated using a
spectrometer and personal dosimeters. The measurements were carried out for seven months in 2012 for a
period of time that goes from 10 a.m. to 4 p.m. characterized by the highest UVR levels. The results indicated
that the UVR exposure at the nape of the neck shows higher values than the other anatomical sites.
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[4]. The UVR exposure received by office workers
was analysed by Learch et al. [5]. The solar
radiation exposure of outdoor workers in
Queensland in the building and construction
industry was measured by Gies and Wright [6]. The
weekday UVR exposures to anatomical sites for
outdoor workers, home workers, adolescents, indoor
workers, school staff and students in South-East
Queensland, Australia were evaluated by Parisi et
al. [7]. The annual occupational UVR exposure of
mountain guides was assessed by Moehrle et al.
[8].The daily occupational erythema effective solar
ultraviolet radiation exposure at selected body sites
of Australia Post mail delivery personnel and
physical education teachers was measured by
Vishvakarman et al. [9]. The effective exposure of
construction workers in a mountainous area in the
southern part of Switzerland was investigated by
Milon et al. [10]. The UVR exposure of Irish and
Danish gardeners over a 4-month summer period
during work was monitored by Thieden et al. [11].
The UVR exposure related to age, sex and
occupation was studied by Thieden et al. [12].The
UVR exposure of professional cyclists was
investigated by Moehrle et al.[13]. The exposure to
solar UVR in building workers was analysed by
Antoine et al.[14]. The UVR exposure of sunbathers
at a Mediterranean Sea site was monitored by Siani

1 Introduction
The incidence of sunlight-induced skin aging and
skin cancers is increasing in many parts of the
world. In particular, the incidence of melanoma skin
cancer has shown a well-documented increase in
several continents over the last few years.
The adverse effects of sunlight exposure are
numerous [1 and 2]. Clinical manifestations of acute
exposure include sunburn and tanning. In contrast,
chronic exposure to sunlight results in wrinkling,
pigment alterations, and a yellowish, coarse quality
to involved skin. Chronic exposure may result in the
development of cutaneous malignancies, including
basal cell and squamous cell carcinomas and
malignant melanoma. Many workers perform their
daily activities outdoors receiving regular and
significant doses of solar erythemal ultraviolet
radiation(UVR).
The risk of exposure to UVR to outdoor workers
was known for some time where farm workers often
use little in the way of protection against solar UVR.
A number of previous studies have measured the
solar UVR exposure. The anatomical distribution of
UVR exposure for five occupations and for a range
of outdoor recreational activities was examined by
Holman et al.[3]. The natural UVB radiation
received by people with outdoor, indoor and mixed
occupations was investigated by Larko and Diffey
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breeding and variety evaluation; cultural practices
such assoil fertility management, weed, insect and
disease control.
The organization remains true to its broader
mission in support of Marche agriculture while
creating the research base for sustainable programs
and initiatives to boost Marche’s economy and to
conserve the regional natural products and
resources.

et al. [15]. The pattern of UVR exposure experience
by outdoor workers from selected occupations in
New Zeland was describe by Hammond et al. [16].
A monitoring of UVR exposure for farm workers
during two spring months was carried out by
Nardini et al. [17].
To quantify the effects of solar UVR on the
human body, researchers have also studied the UVR
received on inclined planes (especially the sunnormal and vertical planes) to simulate body posture
([18], [19], [20], [21], [22], [23], [24], [25], [26],
[27]) as well as stationary or rotating manikins
([28], [29], [30], [31], [32], [33], [34], [35], [36],
[37], [38], [39], [40], [41], [42]).
However, there seem to be a limited number of
studies concerning agricultural workers, the
exposure of these workers to high levels of UVR
should be explored for health risks.
In this research, the measurements and the
realistic variations in solar UVR at typical
anatomical sites were carried out to compare the
anatomical distribution of the solar erythemal UVR
to the higher half of the body for standing posture of
farmers. The measurements were carried out in “the
field” during the usual working days and during the
usual agricultural activities. Some electronic
personal dosimeters (X-2000) to measure the UVR
received at the cheek, nape of the neck, forehead
and forearm were utilized. The UVR exposure to
these anatomical sites was monitored for seven
months in 2012 from 10 a.m. to 4 p.m. characterized
by high UVR levels. An improved understanding of
solar UVR exposure variation is helpful in deriving
recommendations for how to avoid excessive
exposure to some parts of the body.

2.1.2 Geographic and meteorological conditions
The Azienda Agraria is located in Agugliano
(Latitude 43°32'40"N, Longitude13°23'25"E) at a
mean altitude of 195 m above sea level in the centre
of Italy near the Adriatic Sea coast. All of the
measurements were acquired on sunny days with
clear skies or minimal cloud cover. Whether to
collect a measurement depended upon the local
weather forecast.
The measurements were conducted when the
mornings were sunny, but the measurement plans
were aborted in the event of inclement weather
during the day.
2.1.3 Study workers
Seven farm workers of the Azienda Agraria were
selected to investigate higher body anatomical
distribution of Solar Ultraviolet Radiation during the
usual agricultural activities. The mean age of
workers was 37; four were female and three were
male.
Personal UVR exposure received at the cheek,
forehead, forearm and nape of the neck was
measured using personal dosimeters during usual
working days of farmers. The farm workers were
asked to follow their usual working habits. The farm
workers completed a questionnaire during the
exposure. The questionnaire was composed of a
description of the activity within the time period of
measure, body posture, time intervals and general
questions on the basis of the observation of hair and
eye colours, skin pigmentation and their capacity to
sunburn. In addition, they were asked if they used
sunscreen and other sun protections (glasses, long
sleeves).
Figure 1 shows the farm workers during usual
working day in an agricultural activity, lavender
harvesting in some days of July.

2 Materials and Method
2.1 1Study location
The investigation of the UVR exposure to the higher
half of the body in the year 2012 was carried out in
the experimental farm “Azienda Agraria DidatticoSperimentale”.
The Aziend aAgraria was created in 1993 to
conduct research and to develop field projects on
behalf of the Faculties of the Università Politecnica
delleMarche.
Research activities include several crops:
grapevine, olive and fruit trees (apple, pear, peach,
plum, apricots, cherry), strawberry, durum wheat,
sunflower, barley, corn, sorghum, beans, chick peas;
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2.1.5 UVR exposure measurement
All UVR exposure on specific anatomical sites are
described in SED units, the recommended unit for
expressing personal UVR exposure, where 1 SED =
100 Jm-2 normalized to 298 nm according to the
International Commission on Illumination erythemal
action spectrum. An exposure of approximately 1.5–
3.0 SED is required to produce perceptible erythema
in unacclimatized white skin.
The daily UVR exposure geometric mean was
calculated and analysed for each site of the body
under test. To reduce the influence of season and
weather conditions the percentage ambient UVR
was calculated as the workers’ personal UVR for a
given time period divided by the concurrent
available ambient UVR. Differences in exposure
between the higher body anatomical distribution
were examined to identify and to assess the highest
UVR exposed anatomical site of farmers during the
usually agriculture activities for standing posture of
farmers.

Fig.1 farm workers during an usual working day

2.1.4 Equipment and study protocol
The incident irradiance on a horizontal surface
(W m-2) over a specific period was measured using a
spectrometer (model CAS120, Instrument Systems).
The CAS120is equipped with a Crossed CzernyTurner spectrograph and an array detector, and with
electronic equipment for data collection and device
control. The instrument is completely controlled by
the software provided with it (e.g. SpecWin Pro) by
USB interface. The spectral range is 200-800nm, the
spectral resolution is 2.7nm, the data point interval
is 0.35nm, the wavelength accuracy is +/- 0.3nm
and the integration time is 4ms – 20s. The
spectrometer was placed on the ground in an
exposed, unobstructed area near the farm workers.
The incident erythemally weighted irradiance on
some anatomical sites over a specific period, in Jm2
, called UVR exposure on some specific anatomic
sites, was measured using personal dosimeters
(model X-2000-10, Gigahertz-Optik). The dosimeter
has two cell Eyrthema lmeter with UV-Aeff and UVBCeff sensors. The measurement ranges for UV-A
irradiance is 2mW/m² to 30W/m²and for UV-B
irradiance is 0.03W/m² to 5500W/m². The CIE
erythemal action spectrum [43] was considered.
Each farm worker was equipped with personal
dosimeters thatwere secured to the cheek and neck
using an adhesive and to the forehead and forearm
using tape. The UVR exposure values were
measured at 30 min intervals from 10:00 a.m. to
12:00 p.m. (lunch time from 12:00 p.m. to 2:00
p.m.) and from 2:00 to 4:00 p.m. local time for a
maximum time interval of 4 hours characterized by
higher UVR levels. The measurements were carried
out for about 20 days for every month under test
during the year 2012. The farmers sought shade in
their lunch break. The upper body was exposed to a
UVR regimen that often changed on second-tosecond time-scale.
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3 Results and Discussion
The daily personal UVR exposure geometric mean
(SED) at four different anatomical sites and the
percentages of the concurrent ambient UVR are
shown in Table 1 for a time interval of 14.4E+03 s
for the months under test. The mean UVR exposure
on specific anatomic sites presents relevant
differences during the monitored months, in
particular between June and July months with the
highest ambient UVR levels and March, April and
May. The mean daily UVR exposures on the nape of
the neck were higher than 1.50 SED from May to
July, while the UVR exposures on the other
anatomical sites were lower than 1.50 SED during
all seven months. The highest mean daily UVR
exposure was 2.33 SED and it was measured on the
nape of the neck in July with a corresponding
percentage ambient exposure of 104.02%. The
highest ambient percentage was 105.93% and it was
obtained at the nape of the neck in April. The mean
daily UVR exposure at the forearm, forehead, nape
of the neck and cheek were different for each
month, with exposure ordered across seasons as
follows: winter < spring < summer. The nape of the
neck exhibited the highest percentage ambient UVR
and the cheek was associated with the lowest. The
UVR exposure increased at the nape of the neck
from the winter to summer months while it
decreased at the cheek, this may be explained by the
fact that this anatomical site is close to the vertical
plane (slightly forward-) and the cheek may be
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blocked by the head during different site
orientations and farm workers' movements. The
UVR dose at the other anatomical sites varied in a
limited range from the winter to summer months.
The forearm ratios were higher than the forehead
ratios. Table 1 shows the trend in exposure values at
the forearm, forehead, cheek and nape of the neck
sites received more than 42.37% of the mean
ambient UVR. In particular, the nape of the neck
received more than 93.28% of the mean UVR
ambient, with a maximum of 105.93%. The
calculated percentage ambient shows that the upper
limit reference interval exceeds 100%, this fact is
presumably due to ground reflection, posture and
movements.

Trends in exposure at four anatomical sites are
similar to those on the horizontal plane and they
received more than 42% of the daily UV dose. The
UVR exposure at the forearm, cheek and forehead
was always lower than the one on the horizontal
plane, while the UVR exposure at the nape of the
neck was higher than the one measured on the
horizontal plane in the spring and summer months.
This fact is probably due to body posture.
The UVR exposure at the nape of the neck shows
higher values than the ones measured at the different
anatomical sites. Therefore, the anatomical sites can
be placed in descending order of UVR exposure as
follows: nape of the neck>forearm>forehead>cheek.
This fact can be justified by particular anatomical
site orientation and body movements.
Figure 2 shows the diurnal variations in daily
UVR exposure at the forearm, forehead, cheek and
nape of the neck during the months under
test.

Table 1 Daily personal exposure geometric mean (SED)
and percentage of ambient UVR (%)

Exposure (SED)
forearm

forehead

cheek

nape of the
neck

January

0.48

0.43

0.39

0.84

February

0.56

0.48

0.46

0.91

March

0.85

0.76

0.68

1.47

April

0.79

0.72

0.62

1.48

May

1.09

1.01

0.86

2.06

June

1.16

1.08

0.89

2.21

July

1.25

1.14

0.95

2.33

Figure 2. Daily UVR exposure geometric mean in the
monitored months under test at four anatomical sites and
on the horizontal plane

Percentage ambient (%))
forearm

forehead

cheek

nape of the
neck

January

56.54

50.56

45.78

99.42

February

57.68

49.18

47.61

93.28

March

56.68

50.36

45.59

97.95

April

56.26

51.60

44.01

105.93

May

55.99

51.69

44.06

105.72

June

55.13

51.38

42.37

104.96

July

55.83

51.03

42.47

104.02
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Figure 3 shows the daily UVR exposure
geometric mean per hour at nape of the neck for
each month. In each month the diurnal variations in
solar UVR exposure at the nape of the neck shows
two peaks, one in the morning at about 11:15 a.m.
and the other one in the afternoon at about 2:00-3:00
p.m., while the minimum values were measured at
about 10:00 a.m. and 4:00 p.m. except for June
(3:00 p.m.).
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Figure 3 UVR exposure geometric mean per hour at the
nape of the neck

Figure 5 UVR exposure geometric mean per hour at four
anatomical sites in July

Figure 4 shows the UVR exposure geometric
mean per hour at the forearm, forehead, cheek and
nape of the neck in May and Figure 5 in July. In
each month, the diurnal variations in solar UVR
exposure at each anatomical site shows two peaks,
one in the morning at about 10:30-11:30 a.m. and
the other one in the afternoon at about 2:00-3:00
p.m..While the minimum values were measured at
4:00 p.m. for the forearm, forehead, cheek and nape
of the neck, at 10:00 a.m. for the forearm and nape
of the neck and at 12.00 p.m. for the forehead and
cheek.
This fact is due to particular anatomical site
orientation and body movements. In the morning at
about 11:00 a.m. the UVR exposure is highest at the
forearm. This may be explained by the fact that this
anatomical site is close to the vertical plane (slightly
forward) and the forearm may be blocked by the
head during different site orientations and farmer
movements.

4 Conclusion
The UVR exposure at the higher half of the body
(the forearm, forehead, cheek and nape of the neck)
was investigated for standing posture for farmers in
the Azienda Agraria to assess the UVR hazard and
to identify the anatomical site more exposed to
UVR. Measurements were carried outduring the
usual working days and usual agricultural
activitiesfor seven months from 10 a.m. to 4 p.m.
characterized by highest UVR levels. The
percentage ambient UVR was measured with UVR
dosimeters for standing posture of seven farm
workers; its values ranged from 45-98% for the
different anatomical sites in winter (January,
February and March), from 44-106% in spring
(April and May) while in the summer (June and
July)they ranged from 42% to 105%. The exposure
to each site was dependent on the particular
anatomical site orientation. The results for the
higher half of the body for standing posture of
farmers show that the UVR exposure at the nape of
the neck is relevant and it has higher values than the
different anatomical sites. In fact the anatomical site
most exposed was the nape of the neck, then in
ascending order theforearm, forehead and cheek. An
exposure of approximately 1.5–3.0 SED is required
to produce perceptible erythema in unacclimatized
white skin. The daily UVR exposure geometric
means on the nape of the neck were higher than 1.50
SED from May to July with a maximum value of
2.33 SED measured with correspond percentage
ambient exposure of 104.02%. The variation of the
daily UVR exposure per hour at the nape of the neck
showed a maximum value in the morning at 11:0011:15 a. m. and in the afternoon at 2:00 p.m.. This

Figure 4 Daily UVR exposure geometric mean per hour
at four anatomical sites in May
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