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ABSTRACT
The aim of this study was to test the usefulness of polyurethane foam
(PUF) passive air samplers as stationary, and, for the first time, as personal
samplers for one week’s sampling period of polycyclic aromatic hydrocar-
bons (PAHs) in occupational air. Routine monitoring of workplace exposure
is commonly performed with active sampling. However, active samplers
can sometimes be unsuitable; e.g., it is difficult to make time-integrated
measurements, longer than one day, and they can be noisy and obstruct-
ive. Indoor air quality on ships is an important aspect of the environment
which has not been studied extensively on ships. For seafarers, good
indoor air quality becomes particularly important as the ship represents
both a working and living environment. In this study, measurements were
carried out on two occasions on two different ships, at different workpla-
ces, and for various personnel categories. On each ship, measurements
were performed before and after a change of the type of fuel that the
ships were operating on. We found a considerable wide range of PAHs
exposure levels for the various workplaces and personnel categories on
the ships. The stationary measurements, sum 32 PAHs, ranged from 33-
39,000ng m�3 and the personal exposure measurements ranged from 61-
8,400 ng m�3. The results point to that the content of PAHs in the fuel can
affect the indoor air environment on the entire ship. Further, the results
demonstrate that the PUF sampler can serve as a simple and usable
screening tool for estimating and tracking point sources of PAHs in micro-
environments. Moreover, this study contributes to increased knowledge of
exposure to and sources of PAHs for seafarers.
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Introduction

Monitoring of polycyclic aromatic hydrocarbons (PAHs) in occupational environments is import-
ant given the potential adverse health effects associated with high exposure among workers. The
US Environmental Protection Agency (US EPA) has identified a group of 16 PAHs as priority
pollutants1 and some are classified by the International Agency for Research on Cancer (IARC)
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as being carcinogenic (benzo(a)pyrene), probably carcinogenic (dibenzo(a,h)anthracene), or pos-
sible carcinogenic (e.g., naphthalene and benzo(a)anthracene) in humans.2 There are indications
that compounds other than the known carcinogenic native PAHs, e.g., alkylated PAHs, contribute
to PAHs toxicity3 and thus should be included in PAHs exposure studies.

Measuring an individual’s exposure with personal sampling in the respiratory zone of the worker
is critical for assessing risks, as exposure varies considerably with inter- and intra-individual varia-
tions. The best way to sample PAHs is with active sampling in the breathing zone of the worker.4

With active sampling, both gas phase and particle phase can be collected appropriately. The ability
to sample both phases is particularly important for PAHs measurements, since PAHs constitute a
group of semi-volatile compounds of which some exists mainly in gaseous phase, whereas others
are mainly particulates at ambient temperatures. Despite these advantages, the use of active sam-
pling methods for routine monitoring (especially personal sampling) in workplaces is limited. The
reason is that active methods are expensive (multiple concurrent measurements are therefore pre-
vented), often inconvenient and obstructive for the workers to wear. Especially when it comes to
time-integrated sampling for longer times, for example, several days or weeks, and in difficult work
situations. Further, in potentially explosive areas, it may not be allowed to use battery-powered
sampling pumps. Thus, in many cases they are either difficult or impossible to use.4 This may be
the reason why there are few studies on PAHs exposure in working environments.

Passive air samplers (PAS) using polyurethane foam (PUF) have proven to be good alternatives
to active samplers for monitoring ambient and indoor environments.5–11 The PUF sampler can
also accumulate particles and is considered a promising technique for this cause. There are few
studies that focus on the use of PUF-PAS for air sampling in work environments.4, 12,13

Indoor air quality on ships is an important aspect of the working environment which has not
been studied extensively. For seafarers, good indoor environment becomes particularly important
as the ship represents both a working and living environment. On long trips that last for weeks
or even months there are limited opportunities to change the indoor environment, or to leave the
ship. As a result, the personnel have little opportunity to avoid or influence exposure to substan-
ces that are present in the air in the ship’s work, living and recreational spaces. The air quality
on a ship is characterized almost exclusively by the presence of substances that originate in the
ship’s fuel, lubricants and engine exhaust. Although a number of studies from different countries
have focused on health aspects for seafarers (e.g.,14–18) few studies have focused on the air qual-
ity,17 and, to the best of our knowledge, there is no study on the air quality with respect to PAHs
on board.

The aim of the study presented in this paper is to evaluate the PUF-PAS sampler as a simple,
silent and usable workplace screening tool, both stationary and personal, to yield time-integrated
(3-7 days) air concentrations and tracking point sources of PAHs in micro-environments. Also,
by using the sampler, to highlight sources, risky workplaces, and different working categories
with elevated exposure levels of PAHs on ships.

Material and methods

Sampling campaigns

Details regarding the sampling campaigns; type of ship, fuel used, and measurements sites; sta-
tionary and personal, are provided in Table 1. Vessel 1 is an icebreaker that in wintertime pro-
vides assistance to other merchant vessels through ice in the Baltic Sea. The other ship, Vessel 2,
is a cruise ship that mainly operates between Sweden and Finland in the Baltic Sea. During the
first measurement campaign, the four main engines of Vessel 1 were operating on HFO (heavy
fuel oil) and the auxiliary engines and boilers on marine gas oil (MGO). During the second cam-
paign, the main and auxiliary engines were operating on MDO (Marine Diesel Oil). Vessel 2 was
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operating on HFO during the first campaign, and on a residual ultra-low Sulfur fuel oil (ULSFO)
for the second campaign. The onboard stationary measurement sites were selected to represent
both working and living places for the different personnel categories on board. The duration of
the campaigns is presented in Table 1.

Air samplers for PAHs measurements

The polyurethane foam passive air sampler (PUF-PAS) used in this study is cylindrical in shape
(PUF-cyl) (length: 10 cm, diameter: 2.2 cm) with a total surface area of 77 cm2 and density 0.030 g
cm�3 (Klaus Ziemer GmbH, Germany). When used for sampling, the PUF-cyl is placed inside a
protective cover net (diameter 2.2 cm, length 10 cm) with a mesh size of 1.0mm (AB Derma,
Sweden) (Figure S1). The sampler for personal measurement is mounted onto a holder with a
support plate that can be attached using safety pins to the person�s clothes close to the breathing
zone (Figure S1). The samplers for the stationary measurement sites were placed hanging at a
height of approximately two meters above floors (Figure S1). The aim was to place the sampler
as close as possible to the person’s most frequent workplace or/and living area. Before use, each
PUF-cyl is pre-cleaned via Soxhlet extraction using dichloromethane, dried in a vacuum desicca-
tor, and stored in multiple layers of aluminum foil inside airtight Ziploc bags. Before use, and
after the measurements prior to analysis, the samplers are stored in a freezer (�20 �C).

Table 1. Sampling campaign information and sampling parameters, stationary and personal measurements, on two
Swedish vessels.

Vessel 1, campaign 1 Vessel 1, campaign 2 Vessel 2, campaign 1 Vessel 2, campaign 2

Type of ship Icebreaker Icebreaker Cruise ship Cruise ship
Season August July November April
Fuel HFOa MDOb HFO, 1% sulfurc HFO 0,1%sulfurd

Stationary measurements
Sampling time (days) 7 6 7 6
Sampling sites Purifier room Purifier room Purifier room Purifier room

Cabin deck 3 Boiler room Engine control room Engine control room
Outdoor (deck 4) Engine control room Main engine room Main engine room

Deck office Messroom Messroom
Messroom Galley Galley
Galley Bridge Bridge
Cabin deck 3 (port) Outdoor Outdoor
Cabin officer (starboard) Cabin deck 9 inside Cabin deck 3
Bridge Cabin deck 9 outside Cabin deck 9 outside
Outdoor (deck 4) Store room

Personal measurements
Sampling time (days) 7 6 7 3
Sampling sites Cook steward 2 Officer 4-8 watch Chief officer Motorman (on watch)

Motorman Bosun Cruise manager 2 Engineer
AB Repairman 2 Engineer (on watch) Cruise manager

Electrician Motorman (on watch) Waiter
2 Engineer Cook (�a la carte) Cook
Messman Dish washer OS
Cook steward Store room worker Cabin host
AB 12-4 watch Bosun Repairman
AB 4-8 watch Engine cadet Safety officer
2 Officer 8-12 watch Housekeeping manager Dishwasher

Store room manager
Duration of measurement 2013-�08-06–�08-18 2016-�07-15–�07-22 2014-�11-24–�12-01 2015-�04-13–�04-20
campaigns (year/month/day)
aHFO: heavy fuel oil.
bMDO: Marine Diesel Oil.
cHFO, 1% sulfur.
dHFO 0,1%sulfar.
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The published uptake-rates for the PUF-cyl sampler, two-week sampling time for workplaces,
for 15 individual PAHs in gaseous- and particulate phases, respectively, were used for the calcula-
tions of concentration levels in this study (Table S1).4 The alkylated species were calculated to
closely related compounds of those published uptake-rates. The results are based on the assump-
tion that the PAHs uptake-rates for PUF-PAS for one and two weeks are quite the same.
However, there may be a greater uncertainty for naphthalene due to its volatility and short time
to reach equilibrium.19 All results show time-integrated mean concentrations over the sam-
pling time.

Chemical analysis

The analytical procedures and instrumentation used in the PAHs analysis are described in detail
elsewhere4, 13, 20 and are given here in brief. Prior to extraction, a labeled internal standard mix-
ture containing 16 deuterated U.S. EPA priority PAHs were spiked to the samples for determin-
ation of the recoveries of the quantified PAHs. The extraction equipment was Soxhlet using
dichloromethane as solvent. The samples were purified using a combined column with on top 1 g
sodium sulfate followed by 4 g activated silica and 2 g activated alumina. PAHs were separated
and detected by means of high-resolution gas chromatography/low resolution mass spectrometry
(HRGC/LRMS). The MS is an Agilent 5975C connected to a 7890A GC (Agilent Technologies,
Inc., Santa Clara, Calif.) operating in electron impact (EI) mode, using selected ion monitoring
(SIM). The GC column is a non-polar capillary column (60m x 0.32mm I.D. and 0.25 mm film
thickness; J&W DB-5, Agilent). The concentration of 32 PAHs, including 16US EPA priority
PAHs and 16 alkylated species (Table 2), were determined.

Quality assurance

Consistent recoveries (50–120%) were obtained for all internal standard compounds that were
added to and used for correction of the samples. A somewhat lower recovery (ca 50%) was
obtained for Naphthalene that can be attributed to the higher volatility for this compound and
thus slightly higher losses in sample work-up.

Field and laboratory blanks were analyzed in parallel with the samples. Minor residues of
some 2–4 ringed PAHs occurred, however the amount occurring was <15% of the amount pre-
sent in the samples. All results were corrected for the blanks.

The limits of detection were calculated as three times the standard deviation of the values for
the blanks or the background noise of these blanks. A certified reference material (SRM 1649a
urban dust) was used as quality control (QC). The measured levels of 13 PAHs lie, for most part,
within 30% of the certified levels. The PUF-cyl method has been thoroughly tested in the labora-
tory for the conformity of duplicate samples in both the working environment (including sea-
farers) and the general environment, including personalized sampling for sampling times between
1 h and 2weeks.4, 12,13 Good precision is realized for all duplicates of both the gaseous (precision:
<10%) and particle bound (precision: 10–30%) PAHs.

Results

Air concentrations

Table 2 shows the ranges of the air concentrations (ng m�3) of 32 individual PAHs compo-
nents, all PAHs, 16US EPA PAHs and alkylated PAHs for both stationary and personal expos-
ure measurements on both vessels, and the two measurement campaigns, respectively. Total
PAHs, including 16US EPA PAHs and alkylated PAHs, for respective measurement site are
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depicted in Figure 1. The full data set, for all samples and compounds, are presented in Tables
S2-S5.

Eight 2- and 3-ring gas-phase PAHs constituents accounted for 60-90% of the total PAHs in
all samples. Methylated naphthalene’s (2-methylnaphthalene and 1-methylnaphthalene) were the
most abundant PAHs followed by naphthalene, phenanthrene, fluorene and other alkylated spe-
cies viz. 2,3-dimethylnaphthalene, 2,3,5-trimethylnaphthalene and 1-methylfluorene. The concen-
trations of the particle-bound PAHs were low and accounted for <1% of total PAHs. The
proportion of alkylated PAHs was high in most samples. These species constituted ca 40-80% of
the total number of PAHs (Figure 1).

There was a big difference in levels between the various stationary and personal measurements
on the two vessels and the two measurement campaigns. The highest measured stationary meas-
urement site (sum PAHs) was the boiler room on Vessel 1 during the second campaign (MDO;
39,000 ng m�3). Measurements in the boiler room were performed only on this vessel and cam-
paign. High PAHs levels were measured in the purifier rooms of all four measurement campaigns
(1,800–15,000 ng m�3). The levels in the engine rooms were also higher (600–2,000 ng m�3) com-
pared to other measurement sites for each measurement campaign. Other measurement sites for
each vessel and campaign appear to reflect the background levels of PAHs for that vessel. A
rough comparison between the vessels, showed that the background levels were higher, a factor
of 3–4 times, on Vessel 1.

The highest air concentrations, total 16US EPA PAHs, obtained in this work are 50–150 times
higher than those reported for urban, rural and indoor air in Sweden9,21,22 and in restaurant
kitchens in Sweden.23 However, our values are comparable to those reported for fire fighters and
police forensic specialists,13,24 and an alloy factory in Sweden.12 The background levels, both

Figure 1. Total PAHs concentrations (ng m�3), including 16 US EPA PAHs and 16 alkylated PAHs, for respective measurement
site, both stationary and personal measurements on two ship, and two measurement campaigns.
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vessels, in this study were equal to, or somewhat higher than the cited urban, rural and indoor
air measurement studies in Sweden.

Discussion

Concentrations and patterns of PAHs

There was a great variation in personal PAHs exposure between the different personnel categories
on the vessels (Figure 1). The highest levels of personal exposure in all four campaigns were
found among the engine crew (4,200–7,300 ng m�3), with the highest individual value being an
electrician working on Vessel 1 during the second campaign (8,400 ng m�3). Correspondingly,
the highest stationary measurement levels were found in the engine room workplaces, especially
the purifier room (15,000 ng m�3). Overall, the personal exposure levels for the seafarers well
reflect the background levels measured in the respective workplaces onboard.

As seen in previous studies, the indoor air quality on both vessels were characterized almost
exclusively by the presence of substances that originate in the ship’s fuel, lubricants and engine
exhaust. Here, Vessel 1 changed from HFO to MDO, and Vessel 2 from HFO to ULSFO. When
comparing the same stationary measurement sites from campaigns 1 and 2 on Vessel 1, the
PAHs levels are higher for the second campaign. This may mean that the content of PAHs in the
fuel can affect the environment on the entire ship, and thus that MDO would be a worse choice
of ship fuel concerning the exposure levels of PAHs than HFO. For Vessel 2 there was a slightly
higher PAHs content, in the purifier room during the second campaign (7,800 ng m�3) than the
first (1,800 ng m�3). In comparison to other corresponding measurement sites between the two
campaigns, including the engine room areas, there was a very little variation in PAHs content
(engine areas 600–900 ng m�3; other areas 30-110 ng m�3). Thus, the difference in fuel, reduction
of sulfur content has not affected the PAHs levels to some extent at different locations on
the vessel.

The significance of the two fuels for the indoor air environment on the vessels was also made
by comparing PAH patterns in the air against reported levels in the two fuels.25 Ship fuels may
contain notable levels of both native PAHs and alkylated PAHs. This empathizes maximizing the
number of PAHs to be included in exposure studies on ships. The reported PAHs content in
HFO and MDO fuels, respectively, contain ca 75% and 80% of alkylated species (Table S6). The
proportion of alkylated PAHs at the different measurement sites during all four campaigns is
between 40 and 80%. When comparing our results with studies in general and of the work envir-
onment, the alkylated PAHs fraction can typically be about 5–20%.13,21 Thus, the high proportion
of alkylated PAHs in all samples also point to the significance of the fuels for the indoor environ-
ment on vessels.

Considerations and accuracy of PUF-cyl for estimating air concentrations

The uptake of compounds from an atmosphere may be influenced by several variables. In add-
ition to samplers’ dependent variables, such as sampling medium, size and design of the sampler
important variables may include concentration of target compounds as well as environmental
parameters such as UV-light, the relative humidity, temperature and wind speed.

The samplers�dependent variables can be especially important when used as personal sampler
and this is important to consider in dirty work environments e.g., as it may be for certain occu-
pational categories on ships. An open sampler design can then be particularly sensitive to con-
tamination. We believe that the safety cover net used in this study (Figure S1) can prevent and
reduce the risk from direct contact with contaminated surfaces for the PUF-PAS.
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The level of target compounds in the air and interference from other chemical components
can affect the uptake of substances.26 Such an effect would, in this study, be important especially
for the engine and purifier room spaces. In these spaces, where fuel and lubrication oils are
handled, both volatile and semi-volatile organic substances may be elevated. Another factor that
can affect uptake is the variation in the concentration gradient around the sampler, for example,
if the sampler is exposed to a high level of the substances and then to a significantly lower level.
Such an influence would probably affect the low molecular weight PAHs most, the intermediate
very little and particulate PAHs probably negligible.

Thus, the influence of both interferences of other substances and large level differences may be
the case for several of the occupational categories, which may have worked in engine room areas
where the levels are significantly higher compared to other places. The significance of these
parameters needs to be further tested.

Some PAHs components tend to be photodegraded by UV sunlight.27 Depletion by UV sun-
light is not a major concern in indoor measurements. However, even in indoor studies it is advis-
able to choose a sampling place in the shade, avoiding direct sunlight. In the outdoor sampling
location, the samplers were well protected from both sunlight and wind.

Reportedly, wind speed constitutes an important parameter for the uptake of compounds
in PUF-PAS.28 Both high and low wind speeds may affect the uptake of compounds, but the
influence of wind speed can be reduced by using a protective chamber (e.g., 11,19). The open
PUF-PAS design, used in this study, has previously been tested as a workplace sampler even out-
doors.13 The results of that study indicate a very little impact of wind speed. Since the seafarers,
in our study, have mainly spent their time indoors and the negligible reported impact outdoors,
we believe that the impact of the wind has been negligible for the results of this study.

Temperature may also affect the PUF-cyl uptake. Harner et al.,29 suggested that the passive
sampling medium-air partition coefficient will increase by a factor of 2.5 to 3 for every 10 �C
decrease in temperature. Cao and Hewitt30 proposed an increase of 20 �C will increase the diffu-
sion coefficient by only ca 4%. Thus, the temperature could have affected the results somewhat
for the purifier room (ca 30–40 �C) and the outdoor location for the November measurement on
Vessel 2 during the first campaign (around 6 �C). This means that the air levels presented herein
in the purifier rooms and the engine crew who worked there may be somewhat underestimated,
and for the outdoor measurements in November, the result may be slightly overestimated. The
influence of temperature for extreme workplaces such as boiler and purifier rooms in this study
need to be further investigated with concurrent passive PUF-cyl and active (pumped) methods.
Another aspect of the temperature is that it can have significant effect on gaseous-particle parti-
tioning and therefore it is likely to affect volatility and thus can facilitate the release of gaseous
PAHs from the fuels in the fuel management in the purifier room. This can create elevated levels
of PAHs at these sites.

Achieving detectable and accurate values for benzo(a)pyrene is crucial for monitoring PAHs in
workplaces, as the occupational exposure limit (OEL) is based on the time-weighted average con-
centration of this compound. Uptake-rates of particulate PAHs are contradictory in the literature.
Some studies point to the same uptake for gaseous-phase as particulate PAHs (e.g., 4,11–13),
including the one we used to calculate air levels.4 In contrast, several studies have shown that
particle-bound fraction has a considerably lower uptake, which is ca 10% of that associated with
the gaseous phase PAHs.10,19 A reason for such differences in results could be a consequence of
different protective sampler container designs used in those studies.31 We believe that the protect-
ive cover net, the open sampling design used in this study, would negligible affects the uptake of
both gaseous and particulate PAHs. More PUF-PAS uptake-rate calibration studies with different
contaminant levels and environmental conditions are needed to confirm this assumption.

Another factor that may affect uptake for particulate PAHs are differences in aerosol condi-
tions (e.g., amount, size and type of particles) and in which particle fraction PAHs are associated.
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Most of the PAHs are associated with the finest particles (<1.5 mm), which are expected to diffuse
in a similar manner to gaseous compounds.32 It is difficult when measuring in an environment to
predict the appearance and content of the aerosol. Therefore, when using PUF-PAS for particu-
late compounds we can, in the worst case, estimate the air concentrations within a factor of
approximately five to ten. Thus, the sampler does not meet the standard quality criteria for deter-
mining exposure and assessing workplace risks. The sampler nevertheless shows that the particu-
late PAHs levels including benzo(a)pyrene at all measurement sites, in this study, are low and
well below the OEL.

Naphthalene, the second PAHs substance with an OEL value, is important to include in expos-
ure studies. It is difficult to sample this substance with PUF-PAS due to its volatility and short
time to reach equilibrium or undergoing degradation in PUF-PAS.11,19 The sampling time of one
week in this study is significantly shorter than the 2-3weeks that this compound takes to reach
equilibrium.19 However, depending on its volatility, the results for this substance should be con-
sidered as crude estimate. Possibly, performance reference compounds (PRCs)33 can be used and
improve the ability to sample and quantitatively determine this substance as well.

Toxicity concern and health risks

In order to estimate the carcinogenic risks of PAHs mixtures to the seafarers, the equivalents of
benzo(a)pyrene (B(a)Peq), with toxic equivalent factors (TEF) for benzo(a)pyrene set to 1, were
evaluated by multiplying concentrations of each PAH with their TEF value.34,35 These authors
report TEF for 16US EPA PAHs compounds and they are ranked according to cancer potency
relative to benzo(a)pyrene. Alkylated PAHs, to date, do not have TEFs but will likely be devel-
oped in the future. Thus, B(a)Peq calculations were only performed for parent PAHs. It is
important to point out that alkylated PAHs are often more toxic than corresponding parent
PAHs3 and this can underestimate the overall cancer risk.

The European Community has suggested the B(a)Peq on PM10 at an annual standard in ambi-
ent air of 1 ng m�3.36 This cancer potency value was exceeded at several of the stationary and
personal measurement sites in this study. The highest measured B(a)Peq value in this study was
in the boiler room on Vessel 1 during the second campaign (ca 30 ng m�3). Measurements in the
boiler room were performed only on this vessel and campaign. High values were measured in
the purifier rooms on both vessels during all four campaigns (ca 1.5–7 ng m�3). Noteworthy, the
motorman on Vessel 1, campaign 1, has a value as high as 20 ng m�3. Other seafarers with ele-
vated values are the motorman on the other three campaigns (ca 3 ng m�3), as well as the repair-
man (2.0 ng m�3) and the electrician (ca 4 ng m�3) during the first campaign on Vessel 2. It is
reasonable to believe that the high cancer potency values for some of the occupational categories
may be due to the engine personnel working in the high-level workplaces in the engine rooms
during the measurement campaigns. The annual standard B(a)Peq values (1 ng m�3) have been
exceeded in urban sites all over the world e.g., Athens, Greece (1.6 ng m�3)37 Zabrze, Poland
(7.94 ng m�3),38 Mexico City, Mexico (2.17 ng m�3) and Shanghai, China.39 Thus, the results of
our study are similar to, and in some cases significantly higher than, the studies cited. B(a)Peq
calculations for different workplaces and occupational categories are sparse. An exposure study
on chefs to PAHs showed B(a)Peq values of about 0.6 ng m�3.20 Contribution of the cancerogenic
potency of benzo(a)pyrene alone of the PAHs mixture is commonly >50% (e.g.,20, 40) In our
study, it looks different because the levels of the particulate PAHs fraction in the study were for
most measurement sites low (<1%) compared to gas phase PAHs, and, thus, in most cases,
increasing the significance for the gaseous phase fraction of PAHs of the cancerogenic potency.
For some of the measurement sites, gas phase PAHs (mainly naphthalene and phenanthrene)
could account for over 80% of the total cancer risk. In addition, the intermediate PAHs, fluoran-
thene, with a significant portion also in the gaseous phase accounted for between 20 and 60% of
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the total cancer activity. Benzo(a)pyrene had an important role in some of the places, e.g., the
outdoor location on Vessel 1, campaign 1 (47%) and for the personal measurement on the cap-
tain of the cruise ship (Vessel 2, campaign 1) (54%). For most of the samples benzo(a)pyrene
constituted less than 20% of the cancerogenic activity. These results underline the importance of
including both particulate and gas phase PAHs when evaluating risk to human health. As men-
tioned earlier, alkylated PAHs are often more pervasive and toxic than their parent PAHs and
these compounds also contribute to the cancerogenic potency risk. Since these accounted for 30-
70% of the total PAHs content, the cancer risk evaluation done in this study could have signifi-
cantly underestimated the real overall health risk. Although there is uncertainty with PUF-PAS in
quantitatively determining particle bound PAHs that have the greatest cancer risk, the study
clearly shows that there are workplaces and occupational categories on vessels where the PAHs
exposure may pose adverse health risks.

In summary, the PUF-cyl passive sampler is a simple and usable screening tool for estimating
air concentrations and tracking point sources of PAHs in micro-environments. The sampler is
easy to use even as a personal sampler for several days and can easily be handled by the subject
themselves. The uptake of compounds from an atmosphere may be influenced by several varia-
bles. Also, depending on uncertainty in sampling of particulate PAHs, that have the largest can-
cerogenic potency, the passive sampler does not meet the standard quality criteria required for
exposure assessment in occupational settings. The influence of uptake due to temperature and
other differences between sites with different PAHs levels need to be further investigated.
Nevertheless, the study has shown major differences in PAHs burdens between places and differ-
ence in exposure to different occupational categories, and pointed out the risks to various work-
places and seafarer categories on ships.
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