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ABSTRACT

Demolition of buildings produce large quantitiespafticulate matter (PM) that could be inhaled
by on-site workers and people living in the neigbood, but studies assessing ambient
exposure at the real-world demolition sites aratéth We measured concentrations of ;6M
(<10 pm), PM5 (<2.5 pm) and PM(<1 pm) along with local meteorology for 54 workinguns
over the demolition period. The measurements weneied out at (i) a fixed-site in the
downwind of demolished building, (ii)) around thdesduring demolition operation through

mobile monitoring, (iii) different distances awagom the demolition site through sequential
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monitoring, and (iv) inside an excavator vehiclbinand on-site temporary office for engineers.
Position of the PM instrument was continuously rded using a Global Positioning System on
a second basis during mobile measurements. Fragaficoarse particles (PM-19 contributed
89 (with mean particle mass concentration, PMC33+17ug m ), 83 (100+29ug mi °), and
70% (59+12pug m3) of total PMC during the fixed-site, mobile monitg and sequential
measurements, respectively, compared with only 5@B€an 12+6ug m-) during the
background measurements. The corresponding vatudmé particles (PMs) were 11, 17 and
30% compared with 50% during background, showimguah greater release of coarse patrticles
during demolition. The openair package in R and maprce software (ArcGIS) was used to
assess spatial variation of PMCs in downwind analigh of the demolition site. A modified box
model was developed to determine the emission rfigcichich were 210, 73 and 24 pg°ra™

for PMyo, PMpsand PM, respectively. The average respiratory depositesesl to coarse (and
fine) particles inside the excavator cabin and imtemporary office increased by 57- (and 5-)
and 13- (and 2-) times compared with the local gemlnd level, respectively. The monitoring
stations in downwind direction illustrated a loglamic decrease of PM with distance. Energy-
dispersive X-ray spectroscopy and scanning electnooroscopy were used to assess
physicochemical features of particles. The minesaish as silica were found as a marker of
demolition dust and elements such as sulphur cormorg construction machinery emissions.
Findings of this study highlight a need to limitcapational exposure of individuals to coarse

and fine particles by enforcing effective enginegrcontrols.

Key words: Occupational Exposure; Emission factors; Particulate Matter; Building demolition;

SEM /EDS; Construction and demolition waste
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1. INTRODUCTION

Exposure to particulate matter (PM), including 8N&10 um), PMy5(<2.5 um) and PM
(<1 um), is known to have adverse impacts on the hureattth(Heal et al., 2012). A number of
epidemiological studies have shown excess mortdliy to PM exposure from sources such as
road traffic and industries (Janssen et al.,, 2Ka&h) et al., 2007; Namdeo and Bell, 2005).
Furthermore, excessive inhalation of BMnd PM s has been linked to a variety of respiratory
diseases, such as lung cancer (Turner et al., 20bgjs et al., 2004), asthmatic (Dorevitch et
al., 2006; Eggleston et al., 1999), renal (Spehkbeang et al., 2011; Weng et al., 2015) and
cardiovascular diseases (Brook et al., 2010; Peng.e2008), besides depression problems
among construction workers (Haynes and Savage, )2007merous studies have reported
increased risk of death due to ischemic heart desamong construction plasterers, masons and
welders (Cavallari et al., 2007; Sjogren et alQ20Stern et al., 2001). Similar adverse health
effects have also been observed amoomgsmoking workers at construction sites (Bergdahl et

al., 2004; Verma et al., 2003).

There is a reasonable amount of literature on eomssof coarse (hereafter referred to 2Mo

fraction), fine (PMs) and ultrafine (PM,) particles from sources such as industrial works
(Diapouli et al., 2013; Jaecker-Voirol and Pelt0@0 Rodriguez et al., 2004; Toledo et al.,
2008), road works (Fuller and Green, 2004; Ho et2003; Tian et al., 2007; Woskie et al.,
2002), road vehicles (Goel and Kumar, 2015; Keaal.e2000; Kumar et al., 2011a, 2014) and
non-vehicular activities (Kumar et al., 2013b, 2084liba et al., 2010). However, there are
limited studies that have measured emissions apdsexe to PM around operational building

demolition sites, which is the focus of this asicl
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Construction and demolition waste contribute u@iout 33% of the total waste from all the
streams; about half of which is demolition wastealféBas et al., 2007). Construction and
demolition of structures generate in excess of @illon tonnes of waste each year in Europe,
with about 53 million tonnes per year in the UKrao(Lawson et al., 2001; Rao et al., 2007).
However, the number of buildings demolished eadr y& expected to increase by 4-fold by
2016 in the UK from the levels of about 20,000 pear in 2008 (ECI, 2005; Roberts, 2008).
This increased rate of building demolition could limked to growing population of the urban

areas and the need for improvements to meet neanuwibsign guidelines and adopt building
technologies (Balaras et al., 2007; Kumar et &8115). For example, the global urban population
is expected to increase by about 60% in 2035 froen2013 levels (GroBmann et al., 2013;

Kumar et al., 2013a).

Building demolition can be accomplished througheitimplosion or mechanical means (e.qg.
excavator and wrecking ball). Demolition by bothamanical disruption (Dorevitch et al., 2006)
and implosion (Beck et al., 2003) produce significamount of PM, but the impact of implosion
demolition on surrounding areas air quality is gely short-lived and severe (Beck et al.,

2003).

Recent studies have shown that workers in congtruatdustry dealing directly with concrete

and cement products are exposed to notable PM iemssgAzarmi et al., 2014; Croteau et al.,
2002; Flanagan et al., 2006; Kumar et al., 2012mpared with those working in metal and
wood industries (Fischer et al., 2005; Lim et a010). There are sufficient evidences that
activities such as demolition, earthmoving anddnaog renovation are important sources of PM

and degrade the surrounding air quality (Azarmalet 2015a; Beck et al., 2003; Font et al.,
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2014; Hansen et al., 2008; Joseph et al., 2009e8kulet al., 2005). In addition, PM pollution
from demolition activity can adversely impact thealth of people living close to demolition
sites, especially when the measures to restriticfes released from sites are inadequate (Kumar
et al., 2012a). Therefore, assessment of PM expdsecomes even more important when such
sites are situated within the densely built redidémreas or sensitive areas such as schools and

hospitals.

Understanding the chemical constituents, morpholagy size, shape) and surface properties of
particles released from building demolition are ampnt for determining their toxicity and
health effects (Lo et al., 2000; Senlin et al., @00There are techniques such as scanning
electron microscopy (SEM) for analysing morphol@gy energy dispersive X-ray spectroscopy
technique (EDS) to find elemental composition, whare used by numerous environmental
studies (Kupiainen et al., 200Blouzourides et al., 2015 aoletti et al., 2002). For example,
Mouzourides et al. (2015) assessed the charaatsrisf bulk PM samples collected on
Polytetrafluoroethylene (PTFE) filters at an urkain pollution monitoring station in Nicosia
(Cyprus) using SEM and EDS techniques. The reslitasved presence of elements such as
calcium (Ca), nitrogen (N) and lead (Pb) on thedam Likewise, Paoletti et al. (2002) studied
the physicochemical characteristics and compostiat of particles in an urban area of Rome
(Italy). They observed elements such as carbona(@) N, mainly originated from vehicular
sources. Currently, limited studies have reportegsigochemical properties of particles released

from the building demolition and therefore thigaken up for investigation in this study.

Health concerns related to dust inhalation havetded number of dust control and reduction

initiatives in demolition industry. The United StatEnvironmental Protection Agency (US EPA)
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have provided specific emission factors for différeperations such as demolition, construction
and mineral operations to control PM emissions (EP@L1). In addition, the UK Health and
Safety Executive (HSE) developed a good practiddegjue to limit exposure to hazardous
substances at the demolition sites (HSE, 2006, RFLathermore, at local level, “Best Practice
Guidance” is produced by London Councils in paghgr with the Greater London Authority in
the UK, which contains a number of practical methad control dust and emissions from
demolition activities (Authority and Councils, 2Q0&lowever, demolition sites can be situated
within extremely busy places where meeting reguatexpectations, or strictly following

associated guidelines, are often challenging.

In order to fill the existing research gaps in tiberature, this study investigates the release of
PMyo, PM,s and PM and associated exposure around a real-world bgildemolition site. The
aims were to: (i) quantify the emission and expesates of particles and their dispersion in the
downwind of demolished building, (ii) assess theizamtal decay of the PM emissions, (iii)
understand the physical and chemical properti@3, domputation of particle mass emission
factors (PMEFs), and (v) determining the occupati@xposure to on-site workers and people in

the close vicinity of the demolition site.

2. MATERIALSAND METHODS
2.1 Sampling set up and site description

PMCs were measured at the fixed-sites in the dowhvaif demolition site, around the
demolished building through the mobile monitorirggveell as at different distances (10, 20, 40
and 80 m) from the demolition site through seq@nthieasurements. Monitoring was also

carried out inside the cabin of an excavator veharid in on-site temporary office for engineers.
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Figure 1 shows the sampling locations around theatigon site, which was situated ~10 m
away from a busy road that was closed during timeotigon activity (i.e. sampling period). The
demolished building was 30x15x8 m (length x breadteight) and was located in Haywards
Heath in West Sussex, United Kingdom (Figure 1)nsDauction material of building floors,

stairs and supporting columns was reinforced cdaav@ile the walls were made of brick.

The data were collected for a total of 54 workirayits between 08:00 and 18:00 h (local time)
over a period of 7 days; of which, one day was euthany activity that enabled us to evaluate
the local background levels. Table 1 presents #taildd summary of sampling durations. The
background measurements were made at 15 m frodtetnelition site. Fixed site measurements
were made at a distance of ~10 m in the downwirth@tlemolition site (Figure 1) while mobile
measurements were made in loops of ~100 m (routand) ~ 600 m (route B) around the
demolition site (Figure 1). We intentionally chadgeur mobile routes to capture the exposure of
on-site workers around the demolition site (roujeaAd the people in nearby vicinity of the site
(route B). A total of 24 runs were made at routeandl B during the demolition works; the runs

were spread equally between morning and afternoarsh(Table 1).

2.2 Instrumentation

A GRIMM particle spectrometer (model 1.107 E) wased to measure the mass
distribution of particles per unit volume of air 1% different channels covering the 0.3-20 pum
in size range (Goyal and Kumar, 2013). The serisitiof the instrument is 1 pg ™ and
instrument reproducibility of size-resolved PMCtR&% over the total measuring range. Optical
signals pass through a multichannel size clasgtier pulse height analyser that classifies the

signals based on size into appropriate channeldidmhair was drawn into the unit every 6



148 second via an internal volume-controlled pump aate of 1.2 lit min* (Goyal and Kumar,

149 2013; Grimm and Eatough, 2009).

150 Two cross validation approaches were used to enisarguality of the collected data. Firstly, the
151 instrument was calibrated in a three-step procgsshb manufacturer prior to the on-site
152 measurements, including verification of laser aptigravimetric correlation verification and
153 optical calibration against the known size-resoldetribution, density and refractive index of
154 known reference particles. This calibration used tHational Institute of Standards and
155 Technology (NIST) certified polystyrene latex sph€PSL) particles, which is a worldwide
156 accepted standard method, giving a difference ketvegandard instrument and our unit as ~5%
157 (Supplementary Information, Sl, Table S1). Seconele carried out on-site calibration by
158 weighing (1g) the PTFE filters that collected paetimass during the on-site measurements and
159 compared these mass with the data of PM mass peddug the instrument (see Table 2). The
160 data of the PM mass (in pug) from the instrument whigined by multiplying the total mass
161 concentration (ug M) with the sampling flow rate (2xI0m>*s™) of the instrument and the total
162 duration (s) of measured activity (SI Section SRgsults of this comparison are presented in Sl
163 Table S1, which shows an average difference of ef#ubetween the filter-based mass and the
164 mass given by the instrument. Both these approgotuesded a difference af6% between the
165 standard and our instruments unit, which was asdumacceptable and no correction factor was

166 applied to the data.

167 A weather station (KESTREL 4500) wased to measure meteorological data (i.e. relative
168 humidity, barometric pressure and ambient tempezatat the sampling sites at every 10 s

169 during all the experimental campaigns. Since wipeksl and direction at the sampling locations
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will not be representative of the synoptic wind ditions due to being within the turbulent
urban canopy layer (Kumar et al., 2011b), wind dpead direction data was acquired from the
UK Met Office’s weather station that was situat&®0«km away from the demolition site. The
ambient average wind speed during the samplinggeraried in the 0-6 niSsrange, with an
average wind speed of 3.0+1.5 M &igure 2). The ambient temperature and relativeitlity
varied in the 22+2 °C and 5116 % range, respegtiy8l Table S2). Since the variation in
average temperature and relative humidity was niptiesir effects on measured concentration

were overlooked during the analysis.

A Global Positioning System (GPS) device (modelrmda Oregon 350) was used to record
sampling locations during the mobile measurememnts second basis (1 Hz). The data collected
from the GPS in .gpx format was converted to MiofoExcel through the map source

software. Arcmap version 10.1 was used to plotigbatriations of PMo, PM,5s and PM

during the different runs (Goel and Kumar, 2015).

2.3  Collection of PM masson PTFE filtersfor SEM and EDS analysis

Five different samples (1-5) were collected on PTik&rs that had a diameter of 47 mm
and a nominal thickness of ~1000 pg<Zfiable 2). Filter sample 1 was treated as anijla
while mass on sample 2 was collected during thé&dyvacnd period (pre-demolition; day 1).
Mass on filter samples 3, 4 and 5 were collectathduixed-site (days 2 and 3), mobile (days 4
and 5) and sequential measurements (days 6 anelspgctively (Section 2.1). Further details on

the sampling duration and mass collected on thekahifilters are provided in Table 2.

Each of these five filter samples were analysedguaiJEOL SEM (model: JSM-7100F) with a

spatial resolution of 1.2 nm at 30 kV, equippedhwénergy dispersive X-ray spectrometer
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(EDS), to obtain information on the surface morpiggl and composition of the particles
collected on filters. The analyses were performedte Microstructural Studies Unit of the
University of Surrey (UK). The sample surface wearsed with a high-energy (~3.0 kV) beam
of electrons in a raster pattern. The scanned a@s between 6x6 and 200x200 fuin

accordance with the magnification applied (JEOLLZ0

2.4 Estimation of PMEFs

The PMEFs are defined as the mass of emitted [esrtfwer unit area of demolition per
second (pg As ™). These were estimated for PMPM, s and PM fractions separately using the
data collected during the fixed-site measurementhie downwind of the demolished building
(Section 2.1). A box model was initially developetid then modified to take into account the
horizontal decay of PM fractions, using the mastare concept for the assessment of
demolition-related PMEFs (Figure 3). Similar mouatg)l approach to estimate the PMEFs has
been used by previous studies (Font et al., 20ddhridka and Morawska, 2001; Kumar et al.,

2011a).

It has been assumed that the box has a width,Heagtl the maximum height where the
pollutants mix ad, W andHy, respectively. Formulation of the box model asssitiat the
demolition site acts as a control volume (box), #mat the air in the box is well mixed with
uniform Uy in m $%) and exchangel), in m s%) wind velocities in the x— and z—directions,
respectively. The model also assumes that thene ishange in PMCs through transformation
processes in the box (Kumar et al.,, 201l1la). Theovamof PM due to deposition and

gravitational settling are assumed to be negligible

On a dimensional basis, it is assumed that the flmsgate (ug ) due to the emissions from

10
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the demolition site is equal to the product of PMEfg m?s™) and the surface area {nfFont

et al., 2014).
Mass flow rate = PMEF x L x W (1)

Further, consideration of the conservation of nfas$M gives their mass flow rate in the box

as: Net mass flow rate due to demolition activitynass flow entering and leaving the box
through horizontal advectiof] + mass flow through vertical exchandg.(Eq. (1) can then be

written as:

PMEF x L x W :[(PM activity X Ux x me L) - (l:)l\/lbackground>< Ux x Hm X L)] + [(PM activity X Uz

X Wx L) — (PMpackground® Uz X W % L)] 2)

Vertical exchange wind velocity is assumed to bgligible, and thus the calculation for mass
flow entering and leaving the box through vertiGdvection was overlooked from the

calculations of the particle emissions rat&sth this assumption, Eg. (2) becomes:
PMERFx L x W :[(PMi,activity X Uy X Hnx L) — (PM, background® Ux X Hm X L)] or
PMEF x W = APM; [Ux % H] (3)
where APM; (ug i) is the subtraction of the PMC during the “backgrd’ period from the
total PMCs measured during the “activity” perioce (APM; = PM (activity, downwind) — PM

(background); subscriptof PM and PMEF refers to size fractiooisPM (i.e. PMo, PM, 5 and

PMy).

Since the measurements were taken at ~10 m awantre site, there will be dilution between
the source (i.e. demolition site) and the monitgrgtation. Hence the emission factors using

these measured concentrations at a distance aomaytlie source will underestimate the PMEFs.

11
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Therefore, the horizontal decay profiles (Eq. 4)reveleveloped through our sequential
measurements in Section 3.4 to account for thetiailubetween the emission source and
sampling location, and back-calculate gMPM, sand PM concentrations closest (~0.1 m away
from demolition site) to the emission source befautting them in Eq. (3).

APMi=-aln(x) +c (4)

wherex (m) is a distance from the demolition site. Theuga of the empirical coefficierat (ug
m™ are 13.57, 8.51 and 1.77 for RMPM, s and PM, respectively (Section 3.4). Likewise(—
) is a constant with values as 92.57, 40.60 an891for PMyo, PMys and PM, respectively.

Substitution of Eq. (4) into Eq. (3) gives:

PMEF x W = [-an (X) + ¢] [Uxx H] (5)

Furthermore, the value &f,, is taken as 8.4 m, which is the maximum heigtthefbuilding; the
similar assumption was taken by Jamriska and Mdtaw2001). Since the value of average
synoptic wind speedJ;s) were available from at a height of 15 m abovegreund level and
that the PMC measurements were taken at a heigittanit 1.8 m (Section 3.1), we applied the

log-law to predict the wind speed,) at a heightZ) of 1.8 m using the Eq. (6):

u* z—d
Ue=1In(-=) (6)

whereu* (= 0.26 m 8% is surface friction velocityk (= 0.40) is a constanty = 0.5 m) is
surface roughness length, add= 1 m) is the zero displacement height (Brittad a&danna,
2003). Substitution of Eq. (6) into Eq. (5) givag @inal equation to estimate the PMEFs as:

uk, z—d
PMEF = [~aln (x) + c] XVI-lI/mX(Tln(W)) e

2.5 Estimation of the respiratory deposited doses (RDD)
12
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The mass—based RDD, based on deposition fractiéh {Blues, for various PM fractions

are estimated using the Eq. (8):
RDD of PM fractions = (VT ¥) x DR xPM ) (8

where DF values are estimated based on the masamdidmeterd,) of PMCs in various size

ranges (Sl Figure S1) using the Egs. (9-10) giweHlinds (1999):

0.911 0.943

DF = IF (0.058 + 1+exp(4.77+1.4851ndp) + 1+exp (0.508—2.581n dp)) ©)

wherelF is the inhalable fraction that is computed as:

1
IF=1-05(1 =T s007s dp2'8) (10)

The d, is considered as the average particle diameten#igs of the coarse and fine particle
fractions, which is estimated by plotting the cuativie fraction of PMC against the particle
diameter for each measurement type (S| Figure \&LL)s tidal volume that is considered equal
to 1920 (1360) and 1250 (990) trper breath during heavy and light exercises fon,me
respectively; the values in parenthesis are forafem(Hinds, 1999} is the typical breathing
frequency, which is taken as 0.45 (0.55) and (@0335) breath per second during heavy and
light exercises for male, respectively; the valireparenthesis are for females (Hinds, 1999).
The resulting product of VTf and DF to PMh, PM,s and PM values provide mass-based

RDDs.

3. RESULTSAND DISCUSSION
3.1 PMCsdownwind of the demolition site

Figures 4a and 4b show the average PMCs and tfatidns in various size ranges,

13
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respectively, from the building demolition activityring the fixed—site measurements (S| Figure
S2). Polar concentration rose were also plottedi¢éntify the locations of the source during
different wind directions (Figures 4c-e). Theseagoglots clearly showed increments in M
(Figure 4c), PMs (Figure 4d) and PM(Figure 4e) when the prevailing wind was from
demolition to monitoring sites. In fact, the ovéraverage of Pk, PM,s and PM
concentrations were found to be 133.1+1#g2m 3, 15.0+6.3ug m °and7.9+5.2ug m S, with a
fraction of about 89, 5 and 6% in BMig PMi2sand PM size ranges, respectively (SI Section
S3). Fraction of coarse particles (i.e. Mg was found to be about 39% higher over the
background level, compared with fine particles. (iR that reduced by about similar
percentage, against the background level duringlémeolition periods. This observation clearly
suggests a much higher increase of coarse paetioissions from building demolition (Figure

4).

As far as the regulatory metrics are concernedatieage concentrations of RMMPM, s and
PM; were found to be up to 11-times higher during teendlition periods than the background
levels of PMy(12.0+6.3 pg i), PMys (6.07+2.6 pug mt) and PM (2.0+1.1 pg ri; Figure 2a).
Published studies on this topic are limited foredircomparison but our results were analogous
to that observed by previous studies. For exanipbeevitch et al. (2006) measured RMuring

the demolition of a brick-walled reinforced conerdtuilding and average concentrations were
reported to be up to 10-times higher compared Wwabkground levels. Later, Hansen et al.
(2008) measured PjMparticles from the demolition of a brick-wallednooete building and

found about 3-fold increase in concentration duthrggdemolition over the background values.

The differences ipeak concentrations with respect to the backgroundisesteanged drastically.
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For example, thpeak values of PMo, PMxsand PM during the demolition period increased to
about 7358, 348 and 4 m >, which were 615—, 60— and 30—times higher tharb#ekground
levels, respectively. Closer inspection of the sbgets indicated these peak increments to be
coinciding with the periods of intense breakinghd# ceiling and side walls at the upper floors of

the demolished building (Figure 4).

Histograms of Pih, PMx sand PM concentration were made using the SPSS statistiavare
for comparing measured concentrations againstithguality standards (S| Figure S3). The EU
Directive 2008/50/EC (Directive, 2008) and WHO alides (WHO, 2006) suggest the daily
mean concentrations of Ryand PM s, not to exceed of 50 pghfon more than 35 occasions
per year) and 25 pg T respectively. The results showed that a cumwapercentage of
concentrations for about 42% exceeded the EU daiiy value for PM and about 11% of the

time the daily mean WHO guideline value of PM

The above observations clearly suggest increasedidarations above the background and
exceedances over the regulatory limits, especfallydaily mean P\, for over 1/3' of total
demolition period. On the other hand, the exceeesmf PM s were minimal, indicating that
more efficient preventive measures (e.g. wind basribuilding sealing by impermeable plastic
foil or water spraying (Kumar et al., 2012a) is ahed to contain the P} emissions within the

site boundaries in order to decrease the exposyreltlic in the downwind of such sites.

3.2 Spatial variations of PM during mobile measurements
In order to understand the exposure to people arthm demolition site, we assessed the
spatial variation of PM, PM,sand PM concentrations on the routes A and B that havesed

“mobile monitoring” loop of about 100 and 600 mspectively, around the demolition site. The
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average PW,, PMys and PM for the route A were measured as 162.7+48515+0.8 and
4.7+1.2ug m2 (Figure 5a), respectively, with about 4- and 2esmower PMo (37.2+9.1ug
m>) and PMs (7.5+3.6ug m ) and slight decrease in RM3.5+1.0ug m°) at the route B
(Figure 5b). Fractions of coarse (and fine) paticlvere found about 90% (10%) and 79%
(21%) at routes A and B, respectively (S| Figurg. S4e higher PMC and fraction of coarse
particles at the route A was expected, given thigtoute was around the periphery of the site

compared with route B which was further apart fritwe demolition site (Table 3).

The increase in PMC during the mobile measuremeatsot be directly attributed to the
demolition activity since the collected data alsoluded the periods when the mobile sampling
location was in the upwind of the routes A and Bherefore, to separate the upwind (primarily
baseline, or background, PM concentrations arridhghe site) and downwind concentrations
(primarily baseline plus the contribution from tbailding demolition), we firstly plotted the
spatially averaged PM concentrations (Figure 6) @nesh divided the upwind and downwind
data set to identify contribution from the demoilitiactivity. For both the routes, the PMCs were
much higher in downwind than those in upwind of ¢ite and these differences were highest for
the PMy, followed by PMs and PM. For example, the average RVPM,s and PM in
downwind (217.4, 21.0 and 66 mi°) were about 7.7, 2.3 and 2.1 times higher thasettio
upwind (28.3, 9.3 and 3,ig m °) areas of the demolition site on the route A; witihresponding
values on the route B being 63.6, 12.3 andugy > (in downwind) and 21.0, 3.1 and 2.6

m 2 (in upwind).

Peak concentrations are usually reflection of titenise emission activities, which reached to

3510.9 (PMo), 244.5 (PMs) and 31.2ug mi> (PMy) which were 16.2, 11.6 and 4.7-times over
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the average PMCs on the downwind of the route Awr @anual log of activities showed these
peak PMCs corresponding to intense breaking offoriad concrete beams and removal of
waste material from the site that may have ledeioegation and resuspension of particles from
the site. It was clear from the results that theselvicinity (route A) of the demolition site in
downwind wind direction was significantly more méinced by PM emissions and that the most

influenced size range was M

It will be interesting to put our measurementshe tontext of relevant mobile measurement
studies. For example, Gulliver and Briggs (2004poréed results on variation of RM
concentration during walking on the suburban routeNorthampton, UK. Their average R
concentrations (38.1+25dg m °) were~6 and 2-times lower than those found in downwind of
our routes A and B, respectively. Furthermore, Katr al. (2005) found the average
concentration of P to be 27.5ug m > during the measurement of pedestrian exposuragluri
walk along a major road in London (UK), which waiglstly higher (~1.3) than our averaged
downwind PM s (21.0pg m3). Our downwind PM5s on the route A were about 3-times higher
than those found inside the car (6;6;)m'3) by Weichenthal et al. (2014) in Toronto (Canada).
This is clear from the above contextualisation taile PMy concentrations can be much
higher in the downwind of demolition sites compartedthose the most polluted roadside
environments in urban areas; the RMmissions from demolition are generally less puooed

and comparable to urban walking and in-vehicleistid

3.3 Concentrationsinside the excavator cabin and temporary on-site office
Excavator vehicle and on-site temporary officeiategral part of demolition sites where

drivers and on-site workers remain present. In otdainderstand how the concentration levels
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change during the demolition periods in these regdti the measurements made showed the
average (and peak) concentrations of PN, PM,s and PM inside the excavator cabin as
4554349 (54124), 109454 (12401) and 75+14 (6@9)m >, respectively (Figure 7a), which
were about 38- (4500-), 18- (2060-) and 37- (35@R)es higher than those during the
background periods, respectively. These relatibh@jer average concentrations and the notably
high peak values inside the excavator cabin, coetpaith fixed-site (Section 3.1) and mobile
measurements (Section 3.2), were expected dugdpyalose proximity (~5 m) of the excavator

cabin from the demolition site.

As for the concentrations in on-site temporarycafitheaverage (andpeak) concentrations of
PMyo, PMysand PM were measured as 90+4 (2566), 16+6 (341) and 8&u@m > during the
days of measurements, respectively (Figure 7b). cdieespondingaverage (and peak) PM;,
PM,sand PM increasedo 8- (214-), 9- (57-) and 7- (13-) times higherepthe background
levels during the building demolition periods. Tageak values for on-site office were recorded
during the time of intense demolition of the builglis ceiling and falling of demolished
materials such as brick and concrete pieces froighteto the ground level at the site
Furthermore, a greater fraction of coarse partigles 83%), compared to that (~76%) in
excavator cabin, was found in on-site temporarycef{Figure 7). The windows and doors of
both the temporary office and excavator cabin vetseed during the measurement periods, with
frequent in/out movement of office workers from fmrary office. Both the fixed-site (Figure
4b) and mobile (Figures 5a-b) measurements showatdie demolition activities produce much
higher fraction of coarse particles (PdMo9 compared with fine particles (RM). Therefore the
higher ventilation in temporary office due to infamovement of office workers could have

added larger fraction of coarse particles in terapooffice compared with the much air tighter
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excavator cabin.

The above results clearly reflect that drivers xdawator vehicle and the other on-site workers,
engineers or supervisors are exposed to relatihedr level of PM concentrations at the
demolition sites. The levels of concentrationseapected, reduce with the distance from the
source (i.e. demolition site in this case) andasteof emissions from demolition activity is

much larger in Pibsize fraction compared with PM (Figure 7).

34 PM decay profiles

The PM data collected at different downwind disen@.e. at 10, 20, 40 and 80 m) was
plotted for evaluating the horizontal decay in camtcations of PNy, PM,5s and PM in the
downwind of demolition site (Figure 8). In order fmd the best fit function, both the
logarithmic (Figure 8) and exponential (S| Figui®) Hest fit functions were applied to our net
APM; o, APM, sandAPM; concentrations, which were determined by subtrgdtie background
PMCs from the measured concentrations during tineotiton period. TheAPM concentrations
at downwind distances showed a negatively cormlétgarithmic form (Figure 8), withR?
values as 0.94APMg), 0.93 APM,s) and 0.84 APM;). For the discussion purposes, the
logarithmic decay function (Figure 8) was choseia &@st fit to our data due to bettér\Rlues
than those given by an exponential decay profil®.85, 0.89 and 0.68 faxPM;o, APM,sand

APM;y), respectively (S| Figure S5).

The decay profiles suggest a higher rate of chamg concentrations close to the demolition
site compared with those at farther distances.ekample, the rate of changeARPM;o, APM, 5
and APM; concentration with per meter distance are (1.681,00.27)ug m*between 10 and 20

m, which decreases to (0.27, 0.45, 0.04) and (@I%, 0.01ug i per meter distance in the
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20-40 m, and 40-80 m range, respectively (FigureR)rthermore, the average RIMPM,sand
PM,; concentrations reached to half of their initiahcentrations within 80, 50 and 50 m from
the demolition site, respectively (Figure 8). Sanitlecay profiles from demolition works are not
available for comparison but other studies for tmasion or roadside (Buonanno et al., 2009;
Hagler et al., 2009; Hitchins et al., 2000) hawhesgi logarithmic or exponential decay profiles.
For example, Azarmi et al. (2015b) and Buonanral.2009) found the decay profiles of RM
and PM s for the construction works in London (UK) and a¢ thighway in Cassino (ltaly) as
logarithmic and exponential, respectively. In order understand how far the initial
concentrations from demolition site reaches to nieetstandard limits, we compared the daily
limits of the EU Directive 2008/50/EC (Directivep@8) for PMy and WHO guidelines for
PM.s (WHO, 2006) with our decaying concentrations (8tt®n S4). PNy and PM 5 took 50
and 15 m in the downwind of demolition site to méet EU and WHO daily mean standard
values, respectively (S| Figure S6). This distacmald be taken as a public exclusion zone in the

downwind direction of such demolition sites durggmolition days.

3.5 ThePMEFsfor building demolition

Using the modified box model described in SectiodA and the PM data monitored
downwind of the building demolition at the fixedesi(Section 3.1), the average PMEFs for
PMyo, PMys and PM were estimated as 35+1, 17+4 and 4+0.5 {19, respectively (S| Table
S3). While there are numerous field studies avhldbr emission factors from road traffic
(Kumar et al., 2011b), limited studies are ava#afolr road works (Font et al., 2014) and almost
none for building demolition activity. For exampkgnt et al. (2014) estimated emission factors
for PMyo from road works in London as 0.0022 kg fimonth* which was about 6-fold smaller

than those observed (0.013+0.004 kg’month?) in our case (S| Section S5). This difference
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clearly suggest much larger emissions of,pPMuring building demolition, which is expected
given its dry and intense nature compared with ies1se construction activities in relatively
open areas such around roads. Our results werd @Beold higher than those reported in the
UK National Atmospheric Emissions Inventory (NAEdy the PMoas 0.0007 kg i month™*
(NAEI, 2013) and about 2-fold greater than Europearission inventory median value (0.0068
kg m? month®) (EMEP-EEA, 2013) for the demolition and constioitactivities (S| Figure
S7). The PMEF of PWsand PM from demolition, construction or road works arereantly
unavailable and hence our estimates provide hahmrgsing information for future experimental

and modelling studies.

3.6 Morphology and chemical characterisation

SEM and EDS analyses were performed on the bulks re&garticles collected on the
filters (Table 2) for assessing their shape, simejposition and structure (Sl Section S6). Figure
9 shows the SEM images of the samples, indicatingtarogeneous structure with crystal and
aggregated shaped particles during the demolitiorksy the irregular shaped holes show the
porosity of PTFE filters. EDS analysis suggesteddbminance of silicon, Si (10.5-17.8%) and
aluminium, Al (4.2-5.1%; Table 4). The crystal skdpparticles are thought to be Si released
from concrete debris (Srivastava et al., 2009) evltile aggregated shaped particles shows the
presence of metals such as Al (Falkovich et alQ10The EDS analysis also showed the
presence of other elemental species (Table 4), avittrong peak for carbon (C) and fluorine (F)
in the blank “reference” filter, with an additiona¢ak of nitrogen (N) in the background sample
(SI Figure S8). C and F are thought to be the nadter PTFE filters while presence of N in the
background filter is possibly from the regional kground in a nitrate form due to secondary

gas-to-particle aerosol formation (Schaap et 8042 Viana et al., 2008).
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The differences between particles deposited omafegence (sample 1) and background (sample
2) filters and those collected during the dematitaxtivity periods (samples 3, 4 and 5) signify
the presence dfew elements (Figure 9). Apart from the dominatingcfien of Si and Al, the
additional elements during the demolition periodsravfound to be sulphur (S), chlorine (CI),
magnesium (Mg), sodium (Na) and Zinc (Zn), as shawiTable 4. The potential sources of
these elements in urban environments are summains&d Table S4. Some of the deposited
elements could be in oxide form because of presefi€ during the demolition activities. The
increment in the intensity and ratio of O peak camed with other peaks like Si, Al and S
suggested that these elements appear to be strozighed with building demolition sources
where aluminium oxide, sulphur oxide and silicoroxiile compounds are expected to be
formed. The main source of Si is likely to be bimtgl related activities, particularly those
involving concrete material such as breaking caecséabs, which is typically made of cement,
admixtures, water and aggregates (Kumar and Moraw&b14). Si can be found in asbestos-
containing hazardous building materials and it$® @ne of the key constituents of cement in the
form of celite (tetracalcium aluminoferrite), belitdicalcium silicate) and alite (tricalcium
silicate) (Beck et al., 2003; Lioy et al., 2002). vere thought of coming from breaking and
demolition of aluminium windows, steel beams andarete since alumina (ADs) is integral
component of cement (Azarmi et al., 2015b). Theeesaurces such as sea salt and fuel oil fly
ash for S (SI Table S4) but this is expected tgielominantly arising from diesel exhaust
emissions from the construction machinery (Doratlalg 2003). Furthermore, Na and CI was
mostly likely due to the effect of sea salt brougtthe south-westerly winds to the site (Figure
2). Zn and Mg were expected to be contributed bgitsnexhaust emissions from construction

machinery and soil dust, respectively. The abogalte reflect the dominance of Si and Al in
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particles and the ability of building demolition wis to effectively aerosolise both friable and

non-friable building materials to the surroundimyieonment.

3.7  Exposureto demolition workersand engineers

The average RDD of coarse and fine particles wstenated using the methodology
described in Section 2.5 for people on and aroteddemolition sites (i.e. workers, individuals
around the demolition site, engineers inside a teany on-site office and drivers inside the
excavator vehicle cabin) during heavy and lightreise levels (Table 5). Compared to the local
background (pre-demolition) exposure levels, thédRiD coarse and fine particles were found to
be 58- and 5-times in the excavator vehicle catgispectively, which happens to be the highest
exposure among all the assessed categories. ThidoNMawed by the fixed-site “downwind”
measurements where RDD rate for coarse (and fiaeicles were 20- (and 3-) times over the
background, followed by 32- (and 4-) times at tlwsvdwind of mobile measurements on the
routes A compared to only 9- (and 3-) times atrthge B and 13- (and 2-) times in the on-site
temporary office (Figure 10). Given a logarithmiecdy of emissions away from the site
(Section 3.4), the distance from the demolitior sitas an important variable to describe the
differences in RDD. For example, highest RDD weatcuated at the closed locations to the

source, such as at the excavator vehicle cabiki¢ftire S9).

As expected, downwind RDD of coarse (and fine)ipias during mobile measurements were
10- (and 3-) times higher for route A, and 3- (&hyl times higher for route B, respectively,

compared to those in upwind of demolition site. Shelownwind exposures are much higher
than those reported during walking on typical urbautes. For instance, we used the;pP&hd

PM, sconcentrations measured by Gulliver and Briggs 42@Qiring walking on suburban routes
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in Northampton, UK to calculate RDD for comparisdheir RDD for coarse (and fine) particles
were found to be up to 8- (and 2-) and 2- (and)QiBes less than our downwind RDD during

the mobile measurements at routes A and B, resjedcti

Our result also showed that exposure to coarséclears greater compared with fine particles
due to the disproportionate increments in concéotra of coarse particles from demolition
works (Sections 3.1-3.3). Male subjects breathe iahdle higher doses of coarse and fine
particles, compared with female subjects, due fferdinces in body tidal volume and higher
frequency of breathing (Section 2.5; Figure 10)rtlkermore, given that breathing rate and
frequency is higher during heavy exercises suchreasoving and segregating demolished
materials for re-use or recycling, exposure rategccvary substantially depending on the nature
of work workers are involved even if all the workaare exposed to same emission source (Sl
Section S7). Moreover, the results of physicochamanalysis of collected particles on the
filters reflected the dominance of Si and Al (SewtB.6). Exposure to Si have been linked with
variety of adverse effects such as lung (Attfietdi £ ostello, 2004) and renal (Steenland et al.,
2001) diseases; both of which have been foundgaltren increased rate of mortality (Calvert et
al., 2003). In addition, inhaling higher doses ¢fhave been associated with the cardiovascular
(Sjogren, 1997) and Alzheimer's (Polizzi et al.,02p diseases, besides leading to increased
morbidity, particularly in older people. It worthghlighting that the exposure doses of coarse
particles indicate up to 57-times higher doses tivettypical background levels for the male on-
site workers during heavy or light activity (Talde Since Si, Al and other elements such as Mg
and Zn (Table 5) are integral part of inhaled jgées, there is clearly an increased health risks at

demolition sites.
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522 4. SUMMARY, CONCLUSIONSAND FUTURE WORKS

523 Size-resolved mass distributions of particles wasasured in the 0.22-10 um size range
524  through a combination of measurement strategigs figed-site and mobile). The objectives of
525 this study were to assess emission characteristiPd/1 emissions in various size ranges during
526 the mechanical demolition of a building, in additido understand their physicochemical
527 characteristics and the occupational exposure okeve to PMo, PMysand PM on and around

528 the demolition site.

529 The following conclusions are drawn:

530 + The mass concentrations of average; MMM, s and PM were found to be about 11-, 3- and

531 4-times above the local background levels durimgdisite measurements at the downwind
532 of the demolition site. The coarse particles ¢RM) contributed majority (89%) of the total
533 PMCs. The largest P} PM,sand PM were detected in the excavator cabin during the
534 demolition of building’s ceiling and walls.

535 « The overall average P PMys and PM during mobile measurements at route A were

536 found to be 4-, 2- and 1.5-times higher than thaidbe route B (larger periphery of the site),
537 mainly due to route A being the closed peripheryhaf demolition site. Segregation of the
538 data in the downwind of the demolition site showdto 8- and 2.5-times higher Ryand
539 PM, s concentrations than those in the upwind of the ilmolwutes, respectively. These
540 observations substantiate our previous findings tta demolition activities produce much
541 larger PMo emissions compared with BM The exposure to high PMCs can be minimised
542 by staying indoors or being positioned upwind anaétion sites.

543 « APMyo APM;5sand APM; values during the demolition period in the downdvidirection

544 showed a logarithmic decay with distan& £ 0.90). Such decay profiles are important for
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extrapolating emissions in downwind of building d#ition and incorporate them in
dispersion models such as we used in PMEF modelMy, and PM s concentrations meet
the daily mean EU and WHO limit values at aboutb@ 15 m, respectively, suggesting this
as a public exclusion zone in this particular case.

Average emission factors during fixed-site monitgrof demolition activity were calculated
as 35.3+12.7, 12.2+3.6 and 3.9+0.5 ud ' for PMy, PMys and PM, respectively. Such
emission factors are currently lacking, but are kgut to dispersion models for accurately
estimating the affected area around demolitiorsated design appropriate measures to limit
the exposure of nearby public.

SEM images indicated irregular, aggregated and taryshaped particles during the
demolition works while the EDS analysis suggesteel dominance of Si and Al in the
particles. The escape of these elements along atitars such as S, Zn and Mg suggest
towards appropriate protection measures of pomuaparticularly sensitive subgroups (e.g.
elderly and children) and those in nearby senstingas (e.g. hospitals, retirement home or
nurseries).

The downwind distance from the demolition site veas important factor to dictate the
exposure doses. For example, highest exposure dosesarse (and fine) particles were
found to be inside the excavator vehicle cabin,cWwhwere up to 6- (and 5-), 5- (and 3-) and
17- (and 6-) times higher than those in downwinthatfixed-site, downwind of the mobile
route A and temporary on-site office, respectiv€iher factors affecting the exposure doses
of individual workers depend on their nature of kvand type of physical exercise and
therefore the RDD rates could be different to woskievolved in heavy and light exercise,

site engineers or drivers even if they are exptsadme level of particle concentrations.
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This study focuses on Pl PM,sand PM generated from the demolition of a 3-storey brick-
walled concrete building. The results showed eftéd®M emissions on the exposure to people
on and around such sites. The elevated PMCs dthisngemolition represent a potential health
risk due to exposure to a wide variety of toxicnedmtal species. The results are also important
for the development of mitigation strategies ptimithe demolition operations and accordingly
choose special protective equipment to limit expesauring the demolition activities. The male
subjects inhale more doses of particles than femaigects, because of their higher body tidal
volume and breathing frequency and that the ratelegfosited particles could considerably
increase during heavy exercises by workers fostme emission source. This suggests varying
RDD rates to individual workers depending on timaiture of work. The PMEFs assessed in this
study can be used for developing the emission itovess while the decay profiles are important
findings for estimating the dilution of particlas the downwind areas of such demolition sites.
Moreover, the estimates of RDD rates are usefuoimpare the extent of exposures to coarse
and fine particles between the demolition operatiamd those during exposure in typical
roadside (Kumar et al., 2008, 2014) or transpodro@nvironments (Joodatnia et al., 2013; Goel
and Kumar, 2015) in urban are&’irther personal monitoring studies, focusing adividual
workers with different level of physical activitieat large-scale demolition sites, are
recommended to advance the understanding of ogonpatexposure of on-site workers. In
order to provide adequate protection to the worlagi population living in neighbourhood and
given that demolition studies are yet limited, et studies involving monitoring of size-
resolved particles from a wide variety of buildingader different urban morphology and

meteorological settings are recommended.
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List of Figure Captions

Figure 1. Schematic diagram of the experimental set-upwsi® (a, b) monitoring stations
around the demolition site (DS) during (c) fixetesneasurements at day 2, and (d) day 3. Route
of mobile measurements around the DS during (edayd (f) day 5. Sequential measurements
of PM at the downwind of DS during (g) day 6, ah)iday 7. Solid triangles in each sub-figure
show the sampling station. SP and EP refer to tdw® and end points, respectively, while the
arrows represent the path of mobile measuremelaas® note that the figure is not to scale and

distances are presented in Table 1.

Figure 2. Wind rose diagrams depict the hourly frequenatritiution of the wind speed and

direction during the fixed-site measurement onday 2, and (b) day 3, as well as during the
mobile measurements on (c) day 4, and (d) day dgether with measurements at sequential
distances on (e) day 6, and (f) day 7. Pleasethatethe unit for mean wind speed is metre per

second.

Figure 3. Schematic diagram of the box model, showing vardingensions and parametefs;
and f, refer to the particulate mass flow rate enterimg &aving the box in the& and z
directions.Uy and U, refer to wind velocities in the andz directions;L andW refer to length

and width of the box, respectively, aHg, refers to maximum mixing height.

Figure 4. (a) The average concentrations of BMPM, _and PM with average of prevailing

wind direction, during all days of fixed site meemuents. The inner and outer circles represent
fractions of PMCs in various size ranges during theckground and activity periods,
respectively. The polar plots show variation in @amtration with the wind direction and speed

and their corresponding hourly mean (b) i8Mc) PM:sand (d) PM concentrations, along with
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(e) temporal profiles.

Figure 5. The average concentrations of PMPM, .and PM at (a) route A and (b) route B,

during all days of mobile measurements. The inndrauter circles represent fractions of PMCs
in various size ranges during the background ariditgcperiods, respectively. The box and
whiskers plots at (c) route A and at (d) route B showing upper, middle, and lower lines of
“boxes” indicated 78, 50", and 28 percentiles of PM, PMysand PM during the building
demolition periods at the demolition site. Pleas&rthat SP and EP refer to the start and end

points, respectively.

Figure 6. The spatially averaged concentrations of :MPM,s and PM during mobile
measurements at (a) route A and (b) rout&h& words Avg, DW and UW in the figure represent
average, downwind and upwind, respectively. Blientggles represent different waypoints on the
routes A and B between the starting and end poltdash coloured point represents the average
concentrations over the 12 runs each at both thesdA and B. A number of parallel points at
each route were due to the sensitivity of GPS dewhich varied within +£3.5 m at the same
route. Please note that SP and EP refer to theatdrend points, respectively. RMo (%),
PMi.25 (%) and PM (%) represent fraction of 2.5-10 um, 1-2.5 pm,m fuom the total P

concentrations in upwind and downwind directiortlo® mobile route, respectively.

Figure 7. The concentrations of Pl PM,s and PM, at (a) the excavator cabin and (b)
temporary on-site office for site engineers and agans during days of measurements. The inner
and outer circles represent fractions of PMCs inmous size ranges during the background and

working periods, respectively.

Figure 8. (a) Horizontal decay profiles a&fPM,, (b) APM, . and (c)APM, at the demolition site

10’
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during the sequential measurementsandy expresses distance from the demolition site and
APM values, respectively. The solid line in représehe best fitting linear decay curve and the

dotted line represents 50% drop from the initial@ntrations.

Figure 9. SEM images of the surface morphology of the plagicollected on blank filter,
background measurements, sample 3, sample 4 angles&nat x50, x1000 and x8000

resolution.

Figure 10. Factor of increased exposure (FIE) representirgtia of respiratory deposition
doses during the activities over the backgrounell@v coarse and fine particles range during
each activity deposited fractions were estimated based on mass median diametesgpksned

in Section 2.5.
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914 List of Tables

915 Tablel. Description of sampling duration and monitoringgsi

Day number  Date Start-end time Measurement Measurement
(sampling duration in type location with
minutes) respect to

demolition site (x)

1 28 June 2015  10:00:00-14:00:00 Background At 15 m downwind
(~220) of demolition site

2,3 1,3 July 2015 08:56:01-17:00:07 Fixed-site At 10 m downwind
(~500) of the demolition
08:33:01-16:56:37 site
(~500)

4,5 6, 8 July 2015 08:46:01-17:01:13 Mobile Around the
(~500) measurements demolition site in
08:35:01-16:59:25 ~100 m (route A)
(~500) and ~600 m (route

B) loop
6,7 9, 10 July 14:12:01-16:46:43 Sequential At 10, 20, 40 and 80
2015 (~150) measurements m downwind of
08:39:01-16:44:01 demolition site
(~500)

7 10 July 2015 11:03:00-14:40:00 Excavator At 5 m downwind
(~220) cabin inside the vehicle

cabin

2,3,4,6,7 1,3,6,9,10 15:10:00-15:49:00 (~40) Engineer’s on- At 16 m downwind

July 2015 13:25:00-14:00:00 (~35) site office inside the office

14:30:00-15:00:00 (~30)
14:10:00-14:40:00 (~30)
15:00:00-15:10:00 (~10)

916
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917 Table2. Summary of samples collected on PTFE filters dytire demolition activity.

Name Date of sampling Time for Mass of particles collected on the
sampling filter per unit area (g ci®
(min™)

Sample 1  Blank (reference) - -

Sample 2 28 June 2015 240 0.3

Sample 3 1 and 3 July 2015 1000 195
Sample 4 6 and 8 July 2015 1000 14.7
Sample 5 9 and 10 July 2015 650 16.1

918 °The mass of collected particles on the filter peit area (g cfM) has been calculated by
919 dividing the collected mass over the area of arfi{t17.3 crf).
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920 Table 3. PMy, PMysand PM concentrationsy(g m®) during mobile measurements at routes A and
921 B.

Route £ Route E
PMio PM, 5 PM; PM;, PM, s PM;
Run 1A 48.8+20. 12.2+2.: 4.3+0.¢ Run 1E 35.045.. 12.2+0.f  4.7+0.¢

Run 24 29.6x2." 9.840.] 3.9+0.2 Run 2E 28.4+7.¢ 9.1+1.5 3.920.%

Run 34 133.9+83.! 19.4#5.C 8.3x1.. Run 3E 61.7£56.t 12.2+5.; 4.9%1.

Run 42 202.4+198. 19.9+12.. 5.8+1.. Run4E 32.9+9.¢ 9.3+1.¢ 4.5+1.7

Run 52 331.7+204. 27.0%9.: 6.7+1.C Run 5E 75.8481.0 10.5%6.0 3.5%1.%

Run 6A 24.416.( 8.3+1.¢ 4.2+1.: Run 6E 28.2+20..  7.4%1. 4.0£0.¢

Run 72 53.3+37.. 7.0+4.5 2.2+0.« Run7E 23.5£11.¢ 4.6%0.] 2.7+0.¢

Run 8A 440.1+358. 30.9+24.0 5.2+2.: Run8B 29.9+37.  5.0%1.: 3.1+0.¢

Run 9A 171.4+96.0 13.5#4.! 4.1+0.¢  Run 9E 25.3+15.t 5.5+0. 3.2+0.¢

Run 10£ 155.5#91. 12.9+1¢ 4.4+0.¢ Run 10E 58.2+54.! 6.4%3.: 2.7+0.¢

Run 11/ 150.8+56.¢ 11.4+1. 3.5£0.2  Run 11E 29.5+22.¢ 5.1+1.: 3.0+0.¢

Run 12/ 210.8+114. 13.8%4. 3.4+0.6  Run 12E 17.948.7 3.3+0.¢ 2.2+0.2

Overall ~ 162.7+48.4 15.5#0.f 4.7#1.. Total 37.2+9.! 7.5£3.¢  3.5%1.(
average
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923 Table4. The elemental composition of the all the filtegggntitative EDS analyses).

Sample Sample Sample & Sample 4 (Mobile ~ Sample

(Reference) (Background) (Fixed site) measurements) (Different distances)

Name Fraction Name Fraction Name Fraction Name Fraction Name Fraction
(%) (%) (%) (%) (%)

C 30.€ C 46.2 C 16.7 C 19.: C 21.C

- - O 24.% @) 48.F @) 48.¢ @] 22.¢

F 69.2 - - F 3.t F 14 F 40.¢

- - - - Si 17.¢ Si 14.C Si 10.t

- - S 1.2 S 2.8 S 4.2 - -

- - - - Al 5.1 Al 4.t Al 4.2

- - - - Mg 1.4 Mg  2.€ Mg 0.2

- - Cl 4.4 Cl 1.¢ Cl 1.t - -

- - Na 2.€ Na 2.5 - - - -

- - N 21.C - - - - - -

- - - - - - Zn 3.1 - -
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925 Tableb5. The RDD rates of coarse and fine particles.

02§
Locatior Gende  Exercise  Total RDD (ug mii’x10%) +STD 52;
level Coarse particle  Fine particlesgog
Construction sit(fixed site’  Male Heavy 572.6£52.7 34.7£146
Light 290.0+26.6 17.5+7.4
Around the construction si  Male Heavy 056.0+231.8 64.8+2.5
(route A) Light 484.1+117.3 32.8+1.2
Femals Heavy 827.6+200.6 56.1+2.2
Light 383.4492.9 26.0+1.0
Around theconstruction sitt  Male Heavy 249.7+26.8 38.0+11.2
(route B) Light 126.4+13.5 19.2+5.6
Femals Heavy 216.1+23.2 32.949.7
Light 100.1+10.7 15.2+4.5
At different distances fror Male Heavy 238.7+4.7 39.5+26.9
the construction site (10 m) Light 120.8+2.4 20.2+13.6
Femalt Heavy 206.6+4.1 34.2+23.3
Light 95.7+1.9 15.8+10.8
At different distances fror ~ Male Heavy 185.1+34.4 32.0+22.4
the construction site (20 m) Light 93.7+17.4 16.2+11.3
Femal Heavy 160.3+29.8 27.7+19.4
Light 74.2+13.8 12.8+8.9
At different distances fror Male Heavy 202.9+84.0 18.7+4.7
the construction site (40 m) Light 102.7+42.5 9.5+2.3
Femalt  Heavy 175.3+72.7 16.2+4.0
Light 81.3+33.6 7.5¢1.8
At different distances fror Male Heavy 175.5+60.3 15.4+4.1
the construction site (80 m) Light 88.8+30.5 7.842.0
Femal Heavy 151.9452.2 13.3435
Light 70.4+24.1 6.1+1.6
Inside the excavator cal Male Heavy 1662.8+1422.3 78.3+38.2
Light 842.0+720.2 39.6+19.3
Inside the container offii Male Heavy 365.4+184.3 30.7+10.9
Light 185.0+93.3 15.545.5
Femalt  Heavy 316.3+159.5 26.5+9.4
Light 146.5+73.9 12.3+4.3
Backgroun: Male Heavy 29.3+17.7 15.2+6.8
Light 14.8+8.9 7.7+3.4
Femal Heavy 25.3+15.3 13.145.9
Light 11.747.1 6.1+2.7
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Resear ch highlights

» PMy, PM,5and PM; concentrations from a building demolition are assessed

» Physicochemical properties of particles using SEM and EDS are investigated

B+ Average exposure doses increased by up to 57-times during the demolition activities
» PM profiles showed alogarithmic decay with increasing distance from demolition site

» Chemical analysis showed dominant concentrations of silicon and aluminium



