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exposure as usually it is mainly performed on water, or 
closed to water, i.e. to a UVR reflecting surface able to 
increase UV irradiance, according to the albedo phenomenon 
[4, 11, 13]. Accordingly this sectors is of interest, and should 
be particularly considered for the UV risk evaluation, and the 
development of effective preventive interventions.  

For these reasons, aim of our study was to collect 
individual solar UVR exposure measurements with personal 
dosimeters in a group of dock-workers from North-East 
Italy, investigating different exposure levels according to the 
job tasks, and comparing personal measurements with 
ambient exposure. 

II. MATERIALS AND METHODS 

We collected individual solar UVR exposure data with 
personal electronic dosimeters in a group of volunteer dock-
workers (DW) of the port of Trieste, a city in the North-East 
of Italy (45° 38’ N, 13° 48’ E). The exposure during a full 
working day, the 4th of July 2018, was sampled. The 
effective (erythemal) radiant exposure at the horizontal plan 
provided by the European Space Agency 
(http://www.temis.nl/uvradiation/archives/v2.0/2018/07/uvde
f20180704_wd.gif) based on the local weather conditions in 
that day was approximately 4.5 kJ/m2. The personal UVR 
exposure was measured using 10 Gigahertz-Optik X2000 
and X2012 series electronic dosimeters, and a Gigahertz-
Optik BTS2048-UV-S spectroradiometer. The method for 
calibration and standardization of the measures is the same 
previously reported in another UV exposure measurement 
campaign [17], considering the different weighting of the 
dosimeters. The dosimeters have been placed on the upper 
part of the back, or on the chest of the DWs, avoiding any 
interference with the usual work activity. The spectro-
radiometer was placed at the workplace on the quay (Fig. 1). 
Furthermore, one of the member of the research group worn 
an ocular UV dosimeter fixed on a stem of the sunglasses; 
this subject spent the whole morning of the sampled day 
following the DWs engaged as longshoremen during their 
usual working tasks (Fig. 1). 

 
Fig. 1. UV electronic dosimeters used for the evaluation of personal solar 
UVR exposure in the group of dock-workers: a) longshoreman with back 
dosimeter; b) longshoreman with chest dosimeter; c) researcher with ocular 
dosimeter; d) port traffic coordinator / goods acceptor with chest dosimeter; 
e) spectroradiometer for environmental UV dose measurements. 

For the researcher we calculated also the non-weighted 
solar UV-A ocular dose, and accordingly we were able to 
estimate the approximately ocular UV-A dose at the eyes of 
the longshoremen (who whore in the nearby of the 
researcher), considering the proportions between the 
exposure period of the researcher and of the workers, but we 
were not allowed to estimate the ocular dose of the traffic 
coordinators / goods acceptors, as their activities were 
different, with lower UVR exposure and performed in 
another area of the port.  

We evaluated the solar UVR exposure of 14 DWs, 10 
longshoremen (DW1-DW10) and 4 working as port traffic 
coordinators/goods acceptors (DW11-DW14), as following: 

- DW1 and DW2: longshoremen with a full day working 
shift (8 a.m.-5 p.m.), dosimeters placed on the back; 

- DW3, DW4, DW5, DW6: longshoremen with a half-day 
morning shift (8 a.m.-1 p.m.), dosimeters on the back; 

- DW7: longshoreman with a half-day morning-early 
afternoon shift (10 a.m.-3 p.m.), dosimeter on the chest; 

- DW8, DW9 and DW10: longshoremen with a half-day 
afternoon shift (1 p.m.-5 p.m.), dosimeters on the back; 

- DW11 and DW12: port traffic coordinators / goods 
acceptors with a half-day morning shift (8 a.m.-1 p.m.), 
dosimeters placed on the chest; 

- DW13 and DW14: port traffic coordinators / goods 
acceptors with a half-day afternoon shift (1 p.m.-5 p.m.), 
dosimeters placed on the chest. 

The measurements were organized within a preventive 
campaign for the evaluation of the occupational risk in 
various occupational activities according to the Italian 
national occupational health and safety legislation, and were 
also aimed to the development of more adequate information 
and training of the workers. All the ethic principles 
considered in the Helsinki declaration were followed. 

III. RESULTS 

The results of the individual solar UV exposure 
measurements collected in DWs are reported in Table 1. 
Each exposure value measured is referred to the specific 
body district (chest or back) and to the specific working time 
of the workers, and is compared to the environmental UV 
dose measured on the horizontal plane with the 
spectroradiometer (Tab. 1). The ocular dose registered on the 
sunglasses of the researcher spending the whole morning 
close to the longshoremen was, not surprisingly, the lowest 
measured in terms of erythemal dose, resulting of 0.86 J/m2, 
detected with a length of the measured period of 226 
minutes, representing only the 0.04% of the respective 
environmental effective radiant exposure of 1922 J/m2. The 
non-weighted UV-A dose at the eyes resulted of 209.5 J/m2. 
According to this, we estimated the non-weighted UV-A 
doses received at the eyes of the longshoremen, resulted 
between 133.9 and 401.8 J/m2 (Tab. 1). Considering 
erythemal skin exposure, the results show a significantly 
higher exposure in longshoremen compared to port traffic 
coordinators/ good acceptors. The maximum exposure was 
measured, not surprisingly, on the back of one of the two 
workers employed as longshoremen for a full day, resulting 
1975 J/m2 (about 20 Standard Erythemal Doses - SED) in 
approximately 7 hours and 30 minutes (Tab. 1).  



TABLE I.  OCCUPATIONAL SOLAR UVR EXPOSURE OF A GROUP OF DOCK-WORKERS (DW) IN TRIESTE, NORTH-EAST ITALY, ON THE 4TH JULY 2018, 
MEASURED WITH PERSONAL DOSIMETERS PLACED ON THE BACK OR ON THE CHEST COMPARED WITH THE ENVIRONMENTAL UV EFFECTIVE RADIANT 

EXPOSURE IN THE SAME PERIOD, AND ESTIMATED NON-WEIGHTED UV-A OCULAR DOSE

Worker 
Placement 

of the 
dosimeter 

Working period 
/ length of the 

period measured 
(minutes) 

Personal UV 
erythemal 

dose (J/m2 / 
SED) 

Estimated non-
weighted UV-A 

ocular dose 
(J/m2) 

Corresponding 
environmental UV 
effective radiant 

exposure (Heff) (J/m2) 

Personal 
erythemal vs. 
ambient UVR 
exposure (%) 
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DW1 Back Full-day / 432 1975 / 19.8 401.8 3339 59 

DW 2 Back Full-day / 417 1067 / 10.7 387,8 3276 32 

DW 3 Back Morning / 144 288 / 2.9 133.9 857 33 

DW 4 Back Morning / 191 402 / 4.0 177.6 1322 30 

DW 5 Back Morning / 243 257 / 2.6 226.0 1596 16 

DW 6 Back Morning / 251 854 / 8.5 233.4 1965 43 

DW 7 Chest 
Morning & early 
afternoon / 260 

551 / 5.5 241.8 2675 20 

DW 8 Back Afternoon / 246 622 / 6.2 228.8 2191 28 

DW 9 Back Afternoon / 226 458 / 4.6 210.2 2001 22 

DW 
10 Back Afternoon / 225 413 / 4.1 209.2 1981 20 
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S DW 
11 Chest Morning / 177 48 / 0.5 / * 1550 3 

DW 
12 Chest Morning / 193 139 / 1.4 / * 1759 7 

DW 
13 Chest Afternoon / 210 89 / 0.9 / *  1876 4 

DW 
14 Chest Afternoon / 248 44 / 0.4 / * 2045 2 

*It was not possible to estimate the non-weighted UV-A ocular dose of port traffic coordinators / goods acceptors, as the reseacrher wearing a dosimeter on 
thesunglasses' stem was standing nearby the longshoremen 

A high exposure of 551 J/m2 in 260 minutes was 
measured also on the chest of the longshoreman working in 
the late morning/early afternoon, i.e. during the central 
hours of the day with a more intense solar UVR. Variable 
exposures at the back, apparently not strongly related to the 
length of the period measured, have been observed for 
DW3, DW4, DW5 and DW6, working as longshoremen in 
the morning, with measured personal exposures ranging 
between 257 and 854 J/m2. Quite high exposures at the back 
varying between 413 and 622 J/m2   have been observed for 
longshoremen DW8, DW9 and DW10, who worked in the 
afternoon. As anticipated, the exposure during both, the 
morning and the afternoon shift, was much lower in port 

traffic coordinators / goods acceptors: between 44 and 139 
J/m2 at the chest respectively for DW14 and DW12. 

Considering ambient exposure, the maximum theoretical 
daily exposure registered with the spectroradiometer 
according to the working period of the worker with the 
longest shift (DW1) was 3339 J/m2. DW1 is also the worker 
receiving the highest percentage of the theoretical daily 
ambient exposure: the 59%. The percentages of individual 
vs. ambient exposure of the other longshoremen varied 
between the 16 and the 43%, both registered at the back and 
during the morning, respectively for DW5 and DW6. Lower 
percentages of personal vs. environmental exposure have 
been calculated at the chest for the port traffic coordinators / 



goods acceptor, varying between the 2 and 7%, and at the 
eyes of the researcher, where the percentage of individual 
vs. ambient exposure was only the 0.04% (Tab. 1). 

 
IV. DISCUSSION 

Our results on personal solar UVR exposure, measured in 
a group of dock-workers (DWs) of North-East Italy during a 
Summer working day show remarkable high UV exposure 
levels in longshoremen: the UV doses collected in this group 
varied between 2.6 SED/half-day and 20 SED/day, where 1 
SED is equal to 100 J/m2 [11]. Notably, these results were 
obtained with the 80% of the measurements lasting only half 
of the working day.  Regarding the body districts evaluated, 
in the 90% of the cases we were able to place the dosimeter 
on the back of the longshoremen. For the longshoreman 
investigated with a dosimeter on the chest we registered a 
quite high exposure of 5.5 SED/half-day, comparable with 
the doses measured on the back of workers active in the 
same period. Considering the other activity performed by the 
DWs, we evaluated the exposure of four port traffic 
coordinators/goods acceptors. In this case we placed the 
dosimeters only on workers' chests, as they frequently had to 
seat at a desk inside a cabin, in order to register the accesses 
to the port area, and validate the forms for the truck drivers 
carrying goods to be loaded on or unloaded from the ships; 
accordingly, the activity of this type of DWs was performed 
even partially indoor, and it could be classified as a mixed 
outdoor/indoor job. Nevertheless, for these DWs we 
registered exposure between 0.4 and 1.4 SED/half-day.  

Comparing our data with a previous investigation 
performed in a group of Danish dockworkers [16], we found 
higher exposures in Italy, at a lower latitude. Grandahl et al. 
found in July a median daily UV exposure of 0.9 SED, more 
similar to the one we detected for the port traffic 
coordinators/goods acceptors. Unfortunately, there is not a 
detailed description in this Danish study of the specific 
working activity performed by the dockworkers, but, in 
addition to the type of the activity and to the role of the 
latitude and of the different environmental erythemal UV 
doses between Denmark and Italy, also other factors may 
have played a role. Among other, Grandahl et al. used 
different types of dosimeters that, furthermore, were applied 
to the dorsal side of the wrist or lower arm: the different 
placement of the meters in this Danish study [16] compared 
to the dosimeters placed on the back or on the chest in the 
present study is a possible explanation of the difference.  

Considering now the comparison between the personal 
UV exposure we collected in DWs with a proposed limit 
value for occupational solar UVR exposure of 1-1.3 
SED/day (i.e. a value obtained from a transposition in the 
erythema action spectrum of the Threshold Limit Value of 
the American Conference of Governmental Industrial 
Hygienists [18-20]), we detected a relevant exceeding of this 
value (Fig. 2). It should be noted that in Europe, the current 
available International Commission on Non-Ionizing 
Radiation protection (ICNIRP) limits for artificial UVR 
exposure are of 30 J/m2 for the whole UV spectrum (even if 
the ICNIRP exposure limit value is an expression of effective 
radiant exposure, as well as the SED, the two physical 
quantities have different spectral weightings, but, with good 
approximation, 1 SED can be considered equal to three times 
the ICNIRP limit), and of 104 J/m2 for the non-weighted 
UV-A ocular dose received during a 8-hours work-day [11]. 

 
Fig. 2. Occupational exposure to solar UV radiation of the Italian 
dockworkers during the work-shift reported in Standard Erythemal Doses 
(SED) compared to the proposed  limit value of 1-1.3 SED/day. 

As anticipated, we observed a systematic exceeding of 
the values of 1-1.3 SED for all the longshoremen, even if 8 
of them have been measured only for less than four hours, 
and in one case we detected an overcoming of the limit even 
for a port traffic coordinator/goods acceptor (DW12), even if 
engaged only partially in outdoor activities and, again, 
sampled for half of the working-day only (Fig. 2). 

Considering the ocular exposure, we estimated a non-
weighted UV-A ocular dose at the longshoremen' eyes 
between 133.9 and 401.8 J/m2, i.e. between the 1.3 and the 
4% of the ICNIRP non-weighted UV-A limit. This means 
that a DW during a working day may have an ocular 
exposure up to the 4% of the limit: these levels of ocular 
exposure were lower than those we observed with the same 
methodology in a group of fishermen, where the individual 
eye exposure measured resulted as up to the 30% of the limit 
[17]. This difference can be explained with the less important 
role of water reflections for dockworkers compared to 
fishermen and also with the different sun angles during the 
two types of working activities (fishing is often performed 
with sun angles on the horizon below 45°, increasing a 
possible direct ocular UVR exposure) [17]. Furthermore, 
these quite low ocular exposure levels indicate the natural 
habit for outdoor workers of performing their activities 
avoiding direct sunlight in the face, reducing excessive 
exposure and glares. Even if the eye exposure we estimated 
for dockworkers was quite low, there is still a strong 
indication for the adoption of adequate eye protections, 
considering that UVR may act on the eye both with acute 
effects, as photo-keratitis, possibly responsible also of work-
related eye injuries [4, 23], but also with chronic effects [4, 
7, 8], which may possibly appear also for prolonged 
exposures below the limits.  

Discussing now the relations between individual and 
environmental solar UVR skin exposure, we found some 
variability within personal UV doses for longshoremen, 
possibly related to the different working postures adopted 
and to other factors, as the distance from reflecting surfaces 
(e.g. water) and the presence of shades (e.g. the shaded 



determined by the ship docked). When excluding the 
maximum and the minimum value, we found that the 80% of 
the longshoremen received a percentage of the 
environmental cloud-modified erythemal UV dose measured 
with our spectroradiometer between the 20 and the 43%, and 
of the 28.8% on average (Tab. 1). In order to better 
understand this quite high variability it would be important to 
collect detailed information on environmental and individual 
factors influencing the exposure with an integrated method, 
as previously observed [4, 13]. Various algorithms have been 
proposed, aimed at reconstructing the solar UVR dose 
received by outdoor workers in different conditions, 
considering in particular also the exposure of different body 
districts [12-14, 21], and one of this has been recently 
validated [21]. It would be important also to validate a 
specific questionnaire for the collection of solar UVR 
exposure data, similar to the one we previously applied [5, 
13], but adequately translated in the national languages and 
validated with an appropriate comparison, as it happened for 
other occupational risks [22]. This kind of questionnaires, 
integrated with the validated algorithms proposed, would 
allow a better understanding of the variability of individual 
solar UVR exposure, a more adequate prediction of the 
exposure levels and, consequently, the possibility to 
reconstruct long-term exposure history, studying also the 
relation with possible health effects.  

We definitely found a lower variability between personal 
and ambient UV exposure for port traffic coordinators/goods 
acceptors compared to longshoremen. In fact, we observed 
percentages of individual vs. environmental exposure 
between the 2 and the 7% (Tab. 1). This more stable 
exposure pattern is coherent with a minor variability of the 
activities performed by these dockworkers, compared to the 
longshoremen, and also with the less variable work 
environment around the workers, mainly performed in a 
more specific location of the dock, frequently in positions 
shadowed by a prefabricated cabin, and mainly surrounded 
by asphalt. 

Summarizing, our data are, to the best of our knowledge, 
the first Italian data demonstrating an intense solar UVR 
dose received by dockworkers’ skin in Summer: these data, 
supported by other results indicating an excessive risk of skin 
pre-cancerous and cancerous lesions in outdoor workers [2, 
3], indicate an urgent need to improve sun protection 
campaigns and skin cancer prevention in occupational 
settings in Italy, including dockworkers, and in particular 
longshoremen. Interestingly, in the same area where we 
performed our solar UVR exposure measurements, a recent 
case-control study reported a significantly increased Odd 
Ratio of 4.3 (C.I. 95% 1.1-16.4) for maritime workers to 
develop keratinocyte carcinomas compared to unexposed 
workers [24]. It should be noted that UV-induced 
occupational skin cancers in Italy, as well as in other 
European countries, are highly under-reported, with few 
cases per year notified to the workers compensation 
Authority compared to the number of expected cases [25]. 

V. CONCLUSIONS 

We measured high individual solar UVR exposure levels 
at the beginning of the Summer in a group of dockworkers 
employed as longshoremen in a company working at the port 
of a North-East Italian city. Lower but still relevant 
exposures have been found for dockworkers engaged as  port 
traffic coordinators/goods acceptors. The UV exposure levels 

detected may be harmful, in particular for the skin in case of 
long–term repeated exposures. As a final remark, the UV 
exposure levels we detected in our study may indicate the 
need of more adequate prevention initiatives to manage 
occupational solar UVR risk for Italian dockworkers 
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