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ABSTRACT: Antineoplastic drugs are widely used in treatment of cancer, and several studies suggest
acute and long-term effects associated to antineoplastic drug exposures, namely associating workplace
exposure with health effects. Cytokinesis Blocked Micronucleus (CBMN) assay is one promising short-
term genotoxicity assays for human risk assessment and their combination is recommended to monitor
populations chronically exposed to genotoxic agents. The aim of this investigation is the genotoxicity
assessment in different professionals that handle cytostatics drugs. This research is case-control blinded
study constituted by 46 non-exposed subjects and 44 workers that handle antineoplastic drugs, such as
pharmacists, pharmacy technicians, and nurses. It was found statistically significant increases in the geno-
toxicity biomarkers in exposed comparising with controls (p < 0.05). The findings address the need for
regular biomonitoring of personnel occupationally exposed to these drugs, confirming to an enhanced
health risk assessment.

1 INTRODUCTION epidemiological reports, animal carcinogenic-
ity data, and the outcomes of in vitro genotoxic-
Antineoplastic or cytostatics drugs are a hetero- ity studies, as belonging to the group of human
geneous group of chemicals widely used in the carcinogens (Group 1), probable human carcino-
treatment of cancer and in some non-neoplasic  gens (Group 2 A), or possible human carcinogens
diseases, having in common an ability to inhibit (Group 2B). In addition, investigational agents
tumour growth by disrupting cell division and  have also to be considered as potentially hazardous
killing actively growing cells. These drugs have until their safety can be established. According to
nevertheless been proved to be also mutagens, car-  European Guidelines (Corrigendum to Directive
cinogens and teratogens (Gulten, 2011). 2004/37/EG), any use of carcinogenic, mutagenic
In general, chemicals that interact directly with  or teratogenic substances, including the applica-
DNA by binding covalently or by intercalating, or  tion in health care settings, are assigned to the
indirectly by interfering with DNA synthesis, were  highest risk level (Gulten et al., 2011).

among the first chemotherapeutics developed. There are several studies that suggest both acute
Compounds that inhibit mitotic spindle formation  and long-term health effects associated to antine-
and those that affect endocrine function are also  oplastic drug exposures, and various studies have
used in cancer chemotherapy. Also, these drugs  associated workplace exposure with health effects
can induce reactive oxygen species that can lead to  such as skin rashes, hair loss, irritation, hypersen-
DNA damage and, consequently, mutations. sitivity, and headaches after reported skin contact.
Accordingly, several antineoplastic drugs have ~ Negative reproductive health outcomesarealsoasso-
been classified by the International Agency for ciated with antineoplastic exposure. Spontaneous
Research on Cancer (IARC), on the basis of abortions have been reported approximately twice

177




more often among exposed pregnancies than unex-
posed ones; the same goes for congenital malforma-
tions, infertility, and possibly leukemia, as well as
other cancers (Kopjar et al., 2009).

Health care workers who prepare or administer
hazardous drugs or who work in areas where these
drugs are used may be exposed to these agents in
the air, on work surfaces, contaminated clothing,
medical equipment, patient excreta, and other sur-
faces (Kopjar et al., 2009). Exposures may occur
through inhalation resulting from aerosolization of
powder or liquid during reconstitution and spill-
age taking place while preparing or administering
to patients, through skin contact, skin absorption,
ingestion, or injection. Inhalation and skin contact/
absorption are the most likely routes of exposure,
but unintentional ingestion from hand to mouth
contact and unintentional injection through a nee-
dle stick or sharps injury are also possible (Kopjar
et al., 2009; El-Ebiary et al., 2011). Hand contact
with contaminated equipment used in prepar-
ing and administering these drugs, or contami-
nated food or cigarettes, all lead to oral ingestion.
Furthermore, patients may excrete these drugs and
their metabolic by-products in body wastes, expos-
ing personnel who handle such items (Kopjaret al.,
2009; El-Ebiary et al., 2011).

Contamination of the work surfaces and also
permeation of gloves to some antineoplastic drugs
were reported already in several studies (Kopjar
et al., 2009; Gulen, 2011). Moreover, vaporization
of spilled antineoplastic drugs may represent an
additional route of exposure to healthcare workers
through inhalation. However, contact with con-
taminated surfaces seems to have the most impor-
tant role in exposure due to dermal absorption.
Therefore, the monitoring of surfaces contami-
nation is a common way to assess occupational
cxposure, being the wipe sampling the most com-
mon method used (Hedmer, 2004) allowing for the
demonstration of widespread workplace contami-
nation, even when strict protocols and standard
operating procedures have been applied.

The monitoring of genotoxic risks should be
done combining environmental and biological
monitoring with procedures of biological effect
monitoring (primary DNA damage and chro-
mosome damage). In this integrated chemical/
biotoxicological approachi, the use of genotoxic-
ity biomarkers measuring changes in cellular or
molecular endpoints (e.g., DNA and/or chromo-
some damage) will allow us to combine environ-
mental and biological monitoring with biological
effect monitoring. Cytokinesis-Blocked Micronu-
cleus (CBMN) assay is recognized technique that
can be a predictor of cancer risks in humans, and
because of its ability to detect both clastogenic
(e.g., chromosome breakage) and aneugenic
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(e.g., spindle disruption) effects, it could have a role
in occupational health surveillance programs for
workers exposed to antineoplastic drugs to monj. |
tor long-term exposure effects (a so-called biomar-
ker of early/preclinical biological effects). Basically,
it can be measured by CBMN assay Micronucle;
(MN), biomarker of chromosome loss'and break.
age; Nucleoplasmic Bridges (NPB), biomarker of
chromosome rearrangement, and Nuclear Buds
(NBUD), biomarker of gene amplification.

The aim of this study was to assess genotoxic
effects and compare it by professional exposed

group.

2 METHODS

2.1 Samples

As for exposure to cytostatics, the sample of cases
comprised 44 workers which have been exposed in
two pharmacy laboratories and three nursing hos-
pitals. The control group was formed by 46 sub-
jects from academia who have not been exposed to
cytostatics. To all individuals (controls and work-
ers) were asked if they take any prescribed or not
prescribed drug or health treatment that can influ-
ence the health effects measured. Ethical approval
was obtained from the Institutional Ethical Board
and Service Director of the hospitals, and all sub-
Jects gave informed consent to participate.

2.2 Cytostatics exposure assessment

Surfaces contamination was investigated in the two
hospitals by wipe sampling in areas where antine-
oplastic drugs and were prepared administered as
recommended by Hedmer et al. (2004). The stud-
ied cytostatics—cyclophosphamide, 5-fluorouacil
and paclitaxel, were considered suitable indica-
tors for occupational exposure to antineoplastic
drugs because are frequently used in preparations
and in high amounts in both hospitals considered
(Castiglia et al., 2008). Sensitive analytical meth-
ods are already established for these drugs. In both
hospitals, sampling was developed in two different
days. Regarding antineoplastic drug administra-
tion, the days were indicated by workers and serv-
ices as normal working days.

2.3 Genotoxicity assessment

Heparinized blood samples were obtained by veni-
puncture from all subjects and freshly collected
peripheral blood was used for the CBMN assay.
All samples were coded and analyzed under blind
conditions. The criteria for scoring the nuclear
abnormalities in lymphocytes were the ones




described by Fenech et al. (1999). All samples were
coded and analyzed under blind conditions.

3 RESULTS

Two samples were formed—the group of those
occupationally exposed to cytostatics and the
non-exposed group (controls). Population charac-
teristics such as gender distribution, age, years of
exposure, tobacco and alcohol consumption for the
control and exposed groups are shown in Table 1.

The two studied hospitals presented cytostatics
contamination with one of the three studied drugs
or with more than one drug. The data of cytostat-
ics exposure assessment regarding these units were
previously published in Viegas et al., 2014 and
Ladeira et al. 2014.

Table I. Characteristics of the samples.
Controls Exposed

Number of subjects 46 44
Gender
Females 34 (73.91%) 37 (84.09%)
Males 12(26.09%) 7(15.91%)
Age (mean £ standard 3893+9.70 33.60+8.31

deviation, in years)
Range 20-61 24-58
Years of exposure n.a. 6.01

(mean t standard error

of mean, in years)
Range n.a. 0.17-30
Tobacco consumption
Non-smokers 12(73.91%) 40 (90.91%)
Smokers 34 (26.09%)  4(9.09%)
Alcohol consumption
Non-drinkers 33(71.74%)  32(73.73%)
Drinkers 13(28.26%) 12(27.27%)

Comparing the control group with the three
occupations studied it was found statistical sig-
nificant differences for some of the genotoxicity
biomarkers. In what concern to pharmacists there
were statistical significant differences in MN in
binucleated lymphocytes, NPB, and NBUD and
the control group. Pharmacy technicians presented
statistical significant results for MN in bi and
mononucleated lymphocytes, and NPB. The nurses
group present statistical significant differences in
MN in binucleated cells and NPB. No association
was found between years of exposure and presence
of any of the biomarkers measured by CBMN
assay. Regarding demographic and lifestyle habits,
MN tended to increase with age whereas gender,
alcohol and tobacco consumption did not shown
any effect in the genotoxicity frequencies.

4 DISCUSSION AND CONCLUSIONS

Considering surfaces contamination results, posi-
tive samples were found for all surrogate markers
in both hospitals. These results implicate concern
because health effects associated to exposure to
carcinogenic, mutagenic, and teratogenic sub-
stances usually do not depend on a minimum dose
but instead on a prolonged exposure. Therefore, it
can be concluded that there is no safety threshold
dose concerning exposure to these drugs being
appropriate to apply the ALARA principle: keep
exposure/contamination levels “As Low As Rea-
sonably Achievable”. Widespread contamination
was also observed in other studies, despite the
implementation of safety procedures for handling
antineoplastic drugs (Castiglia et al., 2008).

These results can be explained once again by the
fact that there are more strict safety and hygiene
rules in preparation units when compared with
administration units as demonstrated by the high
number of organizations that research on this field

Table 2. Descriptive statistics of MN, NPB and NBUD in the studied population (mean + mean standard error,
range), p-value of the Mann-Whitney test concerning the association between exposure and genotoxicity biomarkers.

MN BN NPB NBUD MN MONO MN MULTI
Mean + S.E. Mean + S.E. Mean + S.E. Mean £ SE. Mean = S.E.
Occupation n  (range) (range) (range) (range) (range)

. Controls 46 5.09+0.89(0-34) 0.1110.05(0-1) 1.37+0.32(0-13) 0.41+0.11(0-3) 1.46+0.22 (0-6) -
Pharmacist Il 7.82+1.30(1 16) 1.09+0.39(0-3) 2.82+0.58 (0-6) 0.36+0.20 (0-2) 4.82+1.90 (0-21)
P-value 0.029+* 0.001* 0.009* 0.804 0.102
Pharmacy 6 10.83+£2.10(4-19) 0.50+£0.22(0-1) 2.17+0.70(0-5) 1.17£0.31(0-2) 4.50+ 1.98 (0-12)

technician
P-value 0.010* 0.013* 0.124 0.009* 0.111
Nurse 27 10.11£2.05(1-58) 0.48%0.15(0-3) 2.41£0.57(0-11) 1.78+0.51 (0-9) 3.851.02 (0-28)
P-value 0.001* 0.014* 0.073 0.053 0.218
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developing constantly new rules and safety meas-
ures (NIOSH 2004; ISOPP, 2007, among others).
In this case, the inappropriate surfaces cleaning
together with the incorrect working procedures
probably are contributing for the contamination
found.

In what concern to genotoxicity assessment, the
results showed statistical significant higher means
for some endpoints studied between the three
professions groups and controls (p < 0.05). These
results, namely in what concern to micronuclei fre-
quency, are corroborated by many others studies
(Kopjar et al., 2009; El-Ebiary et al., 2011) that
found also significant increase of micronuclei fre-
quency in workers handling antineoplastic drugs.

The present study confirmed that there is sur-
face contamination in the workplaces considered
and the cytogenetic endpoint studied (CBMN)
showed signs of an effect related with exposure.
Since the genotoxicity may be due to combined
effects of all or some of the antineoplastic drugs, it
is not possible to attribute damage to any particu-
lar agent. Results of this study as well as previous
investigations performed on subjects occupation-
ally exposed to antineoplastic drugs using differ-
ent genotoxicity endpoints suggest that mixtures
of antineoplastic drugs in long-term occupational
exposure may act as clastogens on the DNA mol-
ecule of somatic cells.

Since no occupational exposure limits have been
established for airborne concentrations of antine-
oplastic drugs and for their concentration in the
urine, there is no exposure level can be consid-
ered safe, and thus zero contamination should be
the target. Exposure to these compounds should
be avoided, and safety guidelines and protective
measures like wearing masks, gloves, gowns, caps,
protective eyewear and the preparation of drugs
in biological safety cabinets are normally avail-
able in the workplaces in order to prevent exposure
(Sessink et al., 1992; Gulen, 2011).
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ABSTRACT: Children attending primary schools may be largely exposed to the Ultrafine Particles
(UFPs) present in the classroom’s indoor air, which may lead to severe health consequences resultant
from their increased susceptibility. Thus, this study aimed to estimate the UFP exposure dose rates in
Portuguese children attending public primary schools. Ultrafine particles were sampled in 10 public pri-
mary schools located in Porto. Exposure dose rates were estimated for 488 children (aged 8 to 10 years) of
the sampled schools. The estimated mean of exposure dose rates in children were 4.06 x 10° £ 0.11 x 10*
part/kg.day. Specific indoor activities as well as outdoor environment conditions appeared to be associ-
ated with increased indoor UFP number concentrations and, consequently, with higher exposure doses in
children attending those schools. Overall, children showed at least two times higher UFP exposure dose
rates when compared to occupationally exposed adults (i.¢. teachers and school staff).

I INTRODUCTION at least 7 hours per day in these institutions, from
Monday to Friday, which may be reflected as a
Currently, several guidelines and strategies have large period of exposure to indoor UFPs. Moreo-
been developed in order to reduce the health risk  ver, children tend to be more susceptible to UFPs
caused by indoor exposure to particulate matter toxicity particularly due to their immature respira-
(WHO, 2005). For instance, the EnVIE project  tory systems, reduced constitution and minor lung
showed that source control -approaches and ade-  function (Schwartz, 2004). To evaluate the health
quate ventilation are the key elements to reduce  risk resulting from UFP pollution, several studies
health problems related with inadequate indoor  have been assessing the dose rates of exposure to
air quality, including fine and coarse particulate  these particles in children (Buonanno et al., 2012,
matter pollution (Oliveira Fernandes. 2008). How- 2013, Mazaheri et al., 2014). Fonseca et al. (2014)
ever, there are no regulations regarding the con-  reported UFP inhalation exposure doses for chil-
centrations of Ultrafine Particles (UFPs) which  dren estimated at 3 Portuguese preschools; the
are particles smaller <0.1 um and s strong source  results showed that 3 to 5 years old children pre-
of oxidative stress and lung inflammation, possibly  sented 4 to 6 times higher dose rates than adults
causing the onset or exacerbation of asthma and  with similar daily schedules. Since children in pri-
other respiratory diseases. The strong toxicity of  mary schools spend more time than those in pre-
UFPs is often associated to their proficiency for  schools, it is possible that the exposure dose rates
penetrating cell membranes (Peters et al., 1997, to indoor UFPs are also higher in these indoor
Penttinen et al., 2001) and consequent carcino- environments, even if similar particle number con-
genic activity (Stanek et al., 2011). centrations are considered.
In Portugal, children attendance in primary Therefore, the aim of this study was to esti-
school is compulsory and, in general, they spend  mate the UFP inhalation dose rates in Portuguese
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children (8-10 years old) attending public primary
schools. Additional objectives of this work were: a)
to estimate the exposure doses of UFPs in adults
with similar schedule conditions; and b) to com-
pare the different exposure doses between the pop-
ulations of children and adults.

2 MATERIALS AND METHODS
2.1

Ultrafine particles were sampled in 10 public pri-
mary schools (35 classrooms) located in the urban
area of Porto (S1 to S10) during the heating season
(between January and April 2014). More detailed
information regarding the sampling sites is shown
in Table 1.

The measurements were performed during a
regular school day and under representative activi-
ties, conditions of occupancy and use of the class-
rooms (from 9:00 to 16:00). In general, the recess
periods occurred from 10:30 to 11:00 and from
12:30 to 14:00. These were non-occupation periods
and were not consider for the estimation of the
exposure dose rates.

Two portable condensation particle counters
(P-Track model 8525, TSI Inc., MN, USA) were
used for the assessment of UFP number concen-
trations. The instruments were installed inside each
classroom and were set to continuously measure
during at least one school day. Logging intervals
were set to | minute between each sample according

Sampling

Table 1. Main characteristics of the sampled schools.

to previously published studies (Norback et al,,
2011, Zhang and Zhu, 2012, Fonseca et al., 2014),
Further detailed characterization of the equip.
ment has been previously reported (Matson et al,,
2004).

The instruments were mounted on a flat surface
at the height of the children’s breathing zone (1.2
to 1.5 m) as far as possible from windows or doors
as well as from major indoor sources of UFPs, A
researcher supervised the sampling process and
recorded relevant information.

2.2 Exposure dose rate calculation

In this study, 713 children attended the sampled
classrooms. The children’ legal guardians received
an envelope with information regarding the project
as well as a written consent form, in accordance
with the Helsinki declaration. The UFP exposure
dose rates were calculated for all 488 (aged 8 to
10 years old) that were authorized to participate
in the study (66.8%). Children’s UFP exposure
dose rates was calculated using the age and body
weight-specific formula presented as Equation 1,
which has been validated in previously published
studies (Ginsberg et al., 2005, Kalaiarasan et al.,
2009, Castro et al., 2011, Fonseca et al., 2014).

p-( 2

In this equation, D represents the age-specific

1
T M
dose rate (part./kg/day); BR,,, is the age-specific

)wa,,xOFxN

School

Number of sampled

Building location Cooking  classrooms Classroom ventilation

Sl Low traffic; mixed residential No 2 Natural ventilation (small grids;
and industrial area. inoperable windows)

S2 Low traffic; residential area. No 4 Natural ventilation (not facing

the main street)

S3 High trafTic; densely packed No 4 Natural ventilation (windows
residential area. do not face the main street)

S4 Low traffic; residential area; No 4 Natural ventilation (windows
hospital in the proximity. do not face the main street)

S5 Medium traffic and metro; Yes 4 Natural ventilation (not facing
densely packed residential area. the main street) A

S6 High trafTic; densely packed No 4 Natural ventilation (facing the
residential area. main street)

S7 Low traffic; densely packed No 4 Natural ventilation (windows
residential area. do not face the main street)

S8 Medium traffic; densely packed No 2 Natural ventilation (windows
residential area. do not face the main street)

S9 Medium traffic; densely packed No 3 Natural ventilation
residential area.

S10 High traffic and metro; densely No 4 Natural ventilation

packed residential area.
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weighted average breathing rate (L/min); BW is
the body weight of the children (kg); Cy, is the
weighted average particle number concentrations
(part./L); OF is the occupancy factor; N is the
total time per day spent in the location of exposure
(min/day).

The BRy,, is characterized by the intensity of the
activity practiced at the time of exposure. Seeing as
primary schoolchildren are normally seated during
the time they spend in classroom (writing, study-
ing, drawing, etc.), the “sedentary/passive” activ-
jty level was selected. The age-specific inhalation
factors were retrieved from the US EPA exposure
factors handbook (U.S. Environmental Protec-
tion Agency, 2011). Thus, BR,, was considered
as 4.8 L/min for 8 to 10 years old children. The
BW of children was determined by a certified body
composition analyzer (Tanita® TBF-300 A, capac-
ity 200 kg, accuracy 100 g) operated by a trained
nurse. Children were weighted barefooted and 1 kg
was deducted from the measured weight to account
the clothing. The platform and handle electrodes
of the scale were cleansed with 96% alcohol after
each measurement. C,, was estimated using the
UFP average number concentrations weighted by
the real time that children spent inside the class-
room and the OF was always considered as 1, since
children kept their schedules and their respective
locations tightly. Although children are compelled
to stay at least 7 hours in primary schools, the total
time per day spent inside the classroom represents
only 5 hours of that time period since they have
2 hours of recesses each day. Therefore, N was con-
sidered as 300 min/day (5 hours).

For comparison purposes, UFP exposure dose
rates were also estimated for adults in similar con-
ditions (aged 21 to 60 years old). When concerning
“sedentary/passive” activities, the BR,, in adults

was considered 4.2 L/min for ages between 21
and 30, 4.3 L/min between 31 and 40, 4.8 L/min
between 41 and 50, and 5.0 L/min between 51 and
60 (U.S. Environmental Protection Agency, 2011).
The average BW considered for all groups of adults
was 70.8 kg according to the European region aver-
age body mass in 2005 (Walpole et al., 2012).

Statistical analysis was performed using SPSS
Statistics v20 (IBM). Statistical significance was
considered when p < 0.05.

3 RESULTS AND DISCUSSION

The statistical analysis showed no significant dif-
ferences regarding BW between both genders
(p=0.748). Moreover, there were also no significant
BW differences between the 10 schools (p = 0.156).
These results suggest that, despite the differences
in gender and location of the school, there are no
major dissimilarities in the average BW of 8 to 10
years old primary schoolchildren.

The total mean (average and standard error of
the mean) of UFP inhalation dose rates in chil-
dren (8 to 10 years old) of 10 primary schools was
4.06 x 108 £ 0.11 x 10® part./kg-day. The informa-
tion regarding the average inhalation dose rates in
each school is summarized in Table 2. The results
showed that exposure doses in children attend-
ing S5 were 1.2 to 4.8 times higher than those of
other schools. These results may be associated
with the increased production of UFPs resulting
from the performed cooking activities; S5 was
the only school in this study where meals for the
children were directly cooked in the respective
school building. These findings support previously
published studies showing that cooking practices
are significantly associated with increased UFP

Table 2.  Average dose rates (D, part/kg.day) per school and age group.

Mean UFP number

Average UFP inhalation dose rates (part/kg- day)

concentrations Children Adults Adults Adults Adults
School (part./cm’) (8to 10) (21 to 30) (31to40) (41 to 50) (51 to 60)
S1 3.37x 10° 1.48 x 10" 6.00 x 107 6.15x 10’ 6.86 x 107 7.15 x 107
§2 6.58 x 10’ 2.96 x 10* 1.17 x 10 1.20 x 10* 1.34% 10% 1.39 x 107
S$3 5.68 x 10° 2.65x 10% 1.01 x 10¢ 1.03x 10* [.16x 10* 1.20 x 10*
S4 ) 7.35x 10° 307 x10% 1.31 x 10* 1.34 x 10 1.50 x 10* 1.56 x 10*
§5° 1.49 x 10° 7.06 x 10¢ 2.65x%x 10 2.7 x 10¥ 3.03x10¢ 3.16 x 10¥
56 1.25x 10 5.85 x 10 2.23x10% 2.28x 10* 2.55x% 10" 2.66 x 10*
57 8.78 x 10° 3.71x10° 1.56 x 10* 1.60 x 10* 1.79 x 10¥ 1.86 x 10¢
58 7.61 x 10° 343 x 10" 1.35x 10 1.39x 10 1.55x 10* 1.61 x 10*
59 8.36 x 10° 3.76 x 10¢ 1.49 x 10* 1.52x 10* 1.70 x 10* 1.77 x 10*
S10 921 x 10} 4.26 x 10¢ 1.64 x 10 1.68 x 10¥ 1.87x 10¢ 1.95 x 10*

$—School; UFP—Ultrafine particles.
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production (Zhang and Zhu, 2012). Schools S6
and S10 also presented dose rates above the aver-
age value, probably due to the closer proximity to
roads with intense traffic, which are considered
major sources of ambient UFPs that may penetrate
to the indoor environment of the schools (Kulmala
et al., 2004). Finally, S1 exhibited 1.8 to 4.8 lower
UFP inhalation dose rates than the estimated
mean. The lower traffic intensity in the school area
and the inoperable windows (ventilation only pro-
moted by small grids) may hinder the penetrance
of UFPs from the outdoors, which consequently
could lead to lower dose rates in S1.

To further comprehend the extent of UFP
exposure in the analyzed schools, the dose rates of
children were compared with those of adults. The
results showed that the UFP dose rates increased
with the increasing age of adults, being minimal in
individuals aged from 21 to 30 years old and con-
stantly rising as the age increases due to the higher
inhalation dose rates, which is probably associated
to the natural lung function loss resulting from the
aging process (Harik-Khan et al., 1998). However,
due to the children vulnerability and small body
weight, they still showed 2.0 to 2.2 higher UFP
exposure doses than the older adults (51-60).
These results demonstrate the high susceptibility
of children to UFPs and indicate that primary
schools have an important role in the child’s overall
particle exposure.

Information regarding primary school children
exposure doses to UFPs is scarce. In addition,
the different study approaches and the dissimilar
characteristics of the sampled indoor microenvi-
ronments hamper further comparisons. Therefore,
the dose rates estimated within this work were not
compared with other studies.

4 CONCLUSIONS

This is the first study estimating the UFP exposure
dose rates for 8 to 10 years old children attending
Portuguese primary schools. The results suggest
that schools located near busy roads as well as
schools with meals directly cooked in the build-
ing have higher indoor number concentrations of
UFPs. Nevertheless, to further study the children
total exposure in schools, the UFP exposure dose
rates should be assessed in other areas, such as
canteens and/or gymnasiums.

Children susceptibility to UFP exposure was
supported by this study and, when compared to
adult individuals in similar conditions, they had
at least two times higher dose rates, even when
compared to older individuals. Therefore, special
attention should be given to the major sources of
ultrafine particles in primary schools in order to
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minimize the exposure dose rates in children. Fur-
ther investigations regarding building characteris.
tics and sources of UFPs would be important to
provide information to protect public health.
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