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Abstract

In a preliminary study, paired indoor and outdoor air sampling was conducted at three
locations around the city of Lancaster, UK to examine the influence of combustion sources
on air quality by measuring particulate concentrations, particulate magnetic properties and
polyaromatic hydrocarbons (PAHS). With one exception (an indoor suburban air sample),
outdoor air samples had higher total suspended particulates (TSP), particle-bound PAH
concentrations and magnetic remanence (IRM) values. IRM values were highest for the
week-day, outdoor city centre samples and then declined in the sequence: Sunday, city centre
> suburban/residential > Lancaster University campus. These data indicate traffic as the
major particle-bound PAH, particulates and magnetic source, particularly as sampling was
conducted during July in the absence of any space heating. The indoor air samples revealed a
wide variation in pollutant concentrations, characterised by higher vapour levels of 2-3 ring
PAHSs, variable TSP concentrations and variable but generally low IRMs. The differences in
PAH concentrations, TSP and IRMs between outdoor and indoor environments indicate
limited ingress of outdoor air pollutants to the indoor environment in this study. Our
combined PAH and magnetic data identify specific and distinctive indoor pollution signals
for each of our sampled sites, reflecting distinct sources. One site, the suburban house, has
anomalously high IRM, TSP and particle-bound PAHs. A possible source for these is a cast
iron, wood-burning stove (even though not lit). The city centre indoor site is characterised by
high TSP and very low IRMs but high values of the magnetic ratio of anhysteretic
remanence:saturation remanence, indicative of ultrafine (submicrometre) magnetic grain
sizes. The source for this city centre indoor signature is unidentified but may reflect the

occupant smoking and/or lighting candles. The indoor campus sample was affected by loss-
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on-ignition procedures carried out in a teaching laboratory. The ocechiHAH and magnetic
analyses thus provide a sensitive and discriminatory meardewtifying outdoor, traffic-

derived pollution, and of discriminating between different tygfaadoor pollution.
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1. Introduction

Increasing attention has been focused recently on health effetpasure to air pollution,
especially regarding increased risk of morbidity and mort&idyn cardio-vascular disease,
cancer, degenerative brain disease, and respiratory iflegssKnutsen et al., 2004; Pope et
al., 2002; Schwartz et al., 1996; Schwarze et al., 2006; CaldentidGenas et al., 2004).
For many pollutants, air quality standards refer to levelssared in ambient outdoor air.
The sources of fine, combustion-derived pollutants are ledsuweérstood for the indoor
environment, prompting studies of relationships between outdoor scamdesndoor air
quality (e.qg. Fischer et al., 2000; Kingham et al., 2000; Naurabaa, 2002). Urban sources
of particles and organic pollutants (volatile and semi-volatidey, but principally arise from
fuel combustion by vehicles, and for space heating and wasteratane Within the U.K.,
health-based air quality standards exist for several key alutgais, including P\
(particles with diameter <1um) and benzda]pyrene (BR]P), a high molecular weight
(MW) PAH, formed during combustion. Both RM(plus finer modes) and PAHs are
frequently measured in pollution studies (e.g. Fischer 2@00Q; Kingham et al., 2000; Kaur
et al., 2005). Recently, aerosol magnetic measurements hewveided successfully to assess
urban, traffic-related pollution, both in conjunction with conventiofiséd monitoring
station air sampling (Sagnotti et al., 2006; Muxworthy et al., 2@6@)using roadside tree
leaves as natural biomonitoring surfaces (e.g. Matzka & Md899; Maher et al., 2008;
Gautam et al., 2005). Magnetic particles are invariably ptegaongst atmospheric aerosol,
from release of iron-containing impurities in fossil fuels andithrough metal wear
(abrasion/corrosion). These iron-rich emission particles argnet&, the most common
phases being magnetite (Bg) and haematite afFe,0Os3), with magnetisations easily
measurable using a cryogenic magnetometer (e.g. Flanders, 199#pan dusts, strong
correlation has been observed between magnetic susceptibilitgranagnetic remanence
values and PM dust-mass (e.g. Sagnotti et al.,, 2006), sample mutageribasrig et al.,
1995) and lead and iron concentrations (Gautam et al., 2005; Mahker 2008). In areas



dominated by vehicle pollution, rather than industrial point souiddasgsch et al., 2003),
magnetic measurements appear to provide a robust, rapid and chegpfgrr vehicle-
derived particulate pollution (Matzka and Maher, 1999), enabling tagolution spatial and
temporal sampling.

Here, we present a pilot study to examine the links between owddomdoor air
pollution, innovatively combining magnetic and PAH measurementdfatatit locations in
Lancaster, England. By simultaneously measuring indoor and outdo@nt@tions of TSP,
magnetic properties and PAHs, assessment can be made rofsdbetes and whether
incursions of outdoor, traffic-derived pollution influence the indoor emvirtent at these

sites.

2. Methods

2.1 Air sampling

Air samples were collected (summer 2003) using high volume @Jiaifr samplers at three
separate sites, comprising: Lancaster University camgu€){ a detached suburban house
SUB); and a city centre location (CC) Two Graseby-Andersod Pg&Vol air samplers
were co-deployed at each site, to sample both indoor and outdoor é&r. #spossible, the
samplers were sited away from vents, obstructions or local pointes (e.g. cooker,
fireplace). The indoor locations comprised a teaching laborélidi), a domestic kitchen
(SUB) and an upstairs, two-storey apartment (CC). At the outdoations, a Hi-Vol was
located in a grassed courtyard (LUC), a residential gardeB)(8kd close (~ 2 m) to a major
road (CC). The outdoor samplers were placed ~ 10m away fngnb@lding/obstruction,
with the sample head at ~1.5 m above ground level. Air samm@es taken during June -
July 2003, a warm, continuously dry interval, without indoor space lge#treach site, 2-3
samples of outdoor and indoor air were collected, with air sangblenes ranging between
63.5 - 350 M, over a 6 to 24 hour period (Table 1). For the magnetic measuremeatsli-
Vol sampler was fitted with a magnetically-clean Millipdtieioroporé™ membrane (PTFE)
filter (1um pore-size) for particle collection; the other with a Whatngéass-fibre filter
(GFF) and two polyurethane foam (PUF) plugs, for sampling pedimund and vapour
PAHSs, respectively.



2.2 Analysisof TSP, PAHs and magnetic properties.
Following sampling, each Hi-Vol sample head (sealed in zip-lockipllaags) was returned
to the laboratory where the GFF/PUFs were stored in a fré@05C) prior to analysis. TSP
values were determined gravimetrically using the PTHErsi (pre-weighed), placed in a
modified vacuum desiccator maintained at nominal but constant hymidit

For PAH analysis, both GFFs and PUF plugs underwent separatet sxttdetion in
dichloromethane (DCM) for 16 h. Extracts were then concentrated 8wchi-rotary
evaporator (~1 mL) and subjected to column chromatography to remowdractants. Each
sample was eluted through alumina(lg)/silica(1g) with 25 mL ofDICM/n-hexane. The
eluant was gently reduced in volume under a stream of puaidwing solvent exchange to
acetonitrile (CHCN), with a final sample volume of 5QfL. Analysis was performed on a
Perkin-Elmer HPLC, with an auto-sampler (20 injection volume) and an LS-40
Fluorescence Detector. PAHs were separated on a ChromSegv€se-phase column using
a mobile phase comprising G@EN/H,O. The detector was programmed with
excitation/emission wavelengths ranging between 200-420 nm. Qatéifi of 15 separate
PAHs (Table 1) was based on comparative retention timesantAH standard (containing
all the PAHSs), and quantification achieved using six calibnastandards ranging from 10 —
400 ng/mL, run at the start and end of each sample batch. Fouesg@@FF and 2 PUF —
LUC, SUB) were also analysed by GC-MS (HP5890 Series-lla@LCHP5972 MSD), with
sample extracts taken upmrhexane (50QL) rather than CBCN, followed by the addition
of three deuterated-PAH internal standards (fluo@t®-pyrened10 and B[a]P310). The
GC-MS protocol for PAH analysis (Smith, 2000) involved a cool’@0on-column injection
(1 pL) with subsequent PAH separation on a 30m HP5MS column (with a agtivhted
retention gap) connected to the MSD (EI source (70 eV) operatiBgM). Quantification
was based on two sets of calibration standards to cover tlae fareges of 1 — 100 ng/mL
and 100-2500 ng/mL.
For magnetic analysis, each PTFE filter was subjectedctuigition of anhysteretic
remanence (ARM), imparted using a Molspin AF demagnetistér wipeak A.F. of 85
milliTesla (mT) and D.C. field of 0.08 mT, measured usirggye@genic magnetometer (CCL
Ltd., with a noise level of IH Amperes(A)n). ARM is expressed here as a susceptibility of
ARM (xarm), Normalised by the D.C. field. After A.F. demagnetmatof the ARM, each
sample was magnetised (at room temperature) using incremauitdd D.C. fields of 100

and 300 mT, using a Molspin Pulse Magnetiser, and then 1 Teslaiging a Newport



electromagnet. The magnetic remanence (IRM) was measwmmediately after each
magnetising step. IRM values were normalised for aimpsamwolume (An¥m?® — thus Ant)

and particulate massfrof sampled air (Amig™).

2.3. Quality controls
GFFs were baked overnight at 480 prior to use and PUF plugs were pre-cleaned via
soxhlet extraction in DCM for 24 h. A set of GFF & PUF fibldnks was generated for each
location with contamination found to be low. GC-MS analysis of blanks samdples
revealed the presence of several methylated naphthaletgdhanathrenes, but these are not
reported here due to their erratic occurrence in the blank RldBssubsequent high method
detection limits. Comparison between the LC and GC resulssgead, individual PAH
concentrations varying by 15 %. Precision and accuracy of Bie&CHind GC-MS methods
have been detailed in Halsall et al. (1994) and Smith (2000) and Hetbat. (2004),
respectively. Diben#hjanthracene was used as a recovery standard, spiked onto both the
GFF and PUFs prior to soxhlet extraction; recoveries alwagseebed 80 %, samples were
not recovery corrected.

Sample magnetic values were corrected for the (very lowmkdRT FE filter values
(ARM < 1x10*° Am? SIRM < 20x10'° Am?). GFFs were unsuitable for magnetic analyses,
due to high blank magnetic remanences. All magnetic measurewenetsarried out without

knowledge of sample site or date.

2.4 Statistical analysis.

A multivariate statistical method, non-linear mapping (NLding the programme of Vriend
et al., 1988), was applied to the combined magnetic and PAH datdie¥l scales and
calculates the distance between datapoints in multidimenspaat, then translates this into
two dimensions (Vriend et al., 1988). Three diagnostic magnetireders were included:
SIRM (mass-normalisedjarm/SIRM, and the percentages of high-field IRM (HIRM, ilee t
remanence acquired between 300 and 1000 mT). The SIRM reflecteribentration of
magnetic minerals, the\rm/SIRM ratio the contribution of ultrafine magnetite grain20~
30 nm), and HIRM the presence of haematite (if the HIRM tessubsequent
demagnetisation). Data for two PAHs were also included: phtahanthrene (3 ring PAH)
and BR]P (5 ring PAH). Before analysis, the parameters wiested for autocorrelation using

the non-parametric Spearman test.



3. Results.

3.1 PAHSs, suspended particulate concentrations.

Table 1 summarises the PAH concentrations observed at thestte®eFor the outdoor air,
highest PAH concentrations were observed at the city centite values within the ranges
measured in other, UK urban environments. For example, from Kie Tbxic Organic
Micropollutants SurveyZPAH concentrations ranged from ~20-150 nyim London and
Manchester, respectively (Coleman et al., 1997). Sijlaadside measurements in
Birmingham revealed®PAH concentrations between 28.5-54.8 my/Dimashki et al.,
2001). However, here tiEePAH concentrations (Table 1) are dominated by the lower MW,
2-3 ring compounds of acenaphthene, fluorene and phenanthrene, with gtiest hi
concentrations of these predominantly vapour phase compounds observed in indoor a
particularly at the campus and suburban sites. Average indivitiidl concentrations for
both indoor and outdoor air (Figure 1) illustrate the dominance dbwer MW compounds

in indoor air and the higher MW PAHSs in outdoor air. The high PAldcentrations in
indoor air at the campus and suburban sites will be discussedblattéhe campus was the
only indoor site where concentrations of the higher MW, patbiolend PAHs were
comparable with the city centre outdoor air. TSP concentratkegaré 2) ranged from 20-
125 ug/m®, the highest concentration observed in one indoor sample from thebanbur
house. High levels of TSP (60-9®/m°) were also observed in the indoor air of the city
centre apartment. For the outdoor air samples, highest TSP gatioestwere measured at

the city centre (mean 4@/nr).

3.2 Magnetic properties

Figure 3 shows the SIRMs for each indoor and outdoor site, normaligedir volume (a)
and particulate mass (b), respectively. On an air-volume, lsitgis with notably high SIRM
values are the suburban indoor and two of the city centre outdoor sariipheen normalised
for particulate mass, the two city centre outdoor sampbesgled on week days), and the
suburban indoor samples display enhanced SIRMs, compared with vermallogs for the
other indoor samples. The remaining outdoor city centre sample éhopla Sunday) has
an SIRM comparable with the outdoor suburban and campus samples. rédetgoe of
IRM acquired below 100 mT varies from 62 — 76 %; all the outdoor sanfplean 72 %)
show higher values than indoors (mean 67 %). After applicafian390 mT field, the

samples had acquired 94 — 98 % of their SIRM. The suburban indooresaangl notable



(figure 4); they display greatest high-field acquisition (i.& =~ 6 % IRM gain between 300
mT and 1 T) but most of this high-field remanence is unstable asid upon A.F.
demagnetisation at 100 mT, behaviour characteristic of matgheime oxidised counterpart
of magnetite (Liu et al., 2002; Maher et al., 2004). All dtkeer samples retain varying
proportions of their HIRM, indicating the presence of ‘hard’ hageiike phases. Highest
arwSIRM ratios (figure 4), reflecting the presence of submicroendét 20-30 nm)
ferrimagnets (Maher, 1988; Ozdemir & Banerjee, 1982), chaisettre city centre indoor
samples; all the outdoor samples display moderate values, ineicatferrimagnets of ~ 1
pm (Ozdemir & Banerjee, 1982; Maher, 1988).

Figure 5a and b summarise the relationships between the SHkbés (mass-
normalised) and phenanthrene and]B[concentrations (where detectable). The two week-
day city centre outdoor samples display high SIRM araJByalues (figure 5a), in contrast
with the Sunday sample, with relatively low SIRMs and modeéBfd$P values, similar to the
two suburban outdoor samples. The campus outdoor samples display modehdtartsl
low B[a]P. Sample clustering is also evident in figure 5b. Wie week-day city centre
outdoor samples, and one suburban indoor sample, show high SIRM and very low
phenanthrene values. The Sunday city centre outdoor sample groupgkendtiner outdoor
samples, with low/moderate SIRMs and very low phenanthrenesvallide city centre
indoor samples are distinctive, with minimal SIRM and makiph@nanthrene values.

With the caveat of the small sample size, the magnetic pyoped PAH data can be
combined, to optimise sample characterisation and differemtjably applying non-linear
mapping. Not only is separation of outdoor from the indoor samplégrav(figure 6); the
indoor samples also show distinct and separate groupings. Thesgitg outdoor samples
cluster, with high SIRM and high BJP values, as do the suburban and campus outdoor
samples, these characterised by low phenanthrene and mod&#iter&8les. The suburban
indoor samples and one of the campus indoor samples (coinciding hatfatiary loss-on-
ignition experiments) approach the outdoor sample grouping. The citg ¢edoor samples

form a separate, clustered group.

4. Discussion.

The relatively high concentrations of 2-3 ring PAHSs in the indogirenments sampled here
mirror results from an extensive U.S. survey, part of teatidnship of Indoor, Outdoor and
Personal Air (RIOPA) study (e.g. Naumova et al, 2002). In RIGHPAH concentrations in



indoor air exhibited a wide range in concentrations (~16-350 fgiith the upper range
exceeding that found in the corresponding outdoor atmospheres. High tdvei4 ring
PAHSs in indoor air accounted for these high concentrations whileecsaly, the heavier 5-7
ring PAHs were found to have higher concentrations in the outdoor aireShks from our
study are in broad agreement, but distinctive indoor combustion sanae have produced
PAH anomalies at our campus and suburban indoor sites. The notablintagit PAH
concentrations at the campus (both vapour- and particle-bound PABgjadsd with low
TSP and IRMs, were probably due to soil combustion in a laboratorgce (a procedure
carried out at the time of sampling). At the suburban sitdgor air concentrations of the
lighter PAHs were high, and associated with high TSP concemsaand SIRMs. We
suggest this distinctive signature reflects the preseneecast-iron, solid-fuel stove in the
room adjacent to the air sampler. While this stove was matse during sampling, the
presence of wood ash in an open iron grate may account for botlgtheanticulate loading
and magnetisations (i.e. large numbers of Fe-containing andndgmetic particles),
accompanied by high particle-bound concentrations of 2-3 ring P3iHslarly, the indoor
air at the city centre apartment also contained elevatdr®y PAH concentrations relative
to the outdoor air samples. Whilst its TSP concentrations wemiéasito the outdoor air, it
displays much lower SIRM values (both volume- and mass-normalaedihighyarw SIRM
ratios (figure 4), indicating the presence of sub-microme#gne@tic grains, again suggesting
a specific and distinctive indoor source. (Sub-micrometre miggpatticles often occur as
interacting agglomerates, and hence are effectively sdnepten on the dm pore-size filter
used).

In summary, the indoor air samples show wide variation overthiee study sites, with
PAHs, magnetic properties and TSP concentrations reflectingpatiig® indoor sources.
While the small number of samples precludes statistical casopabetween outdoor and
indoor concentrations of particles, PAHs and magnetic partittiese is little evidence of
ingress of outdoor air as a source of these pollutants. Paridekdtl concentrations and
SIRM both differ markedly between indoor and outdoor environments. Heexeral of the
indoor air samples appear as outliers (e.g. LUC- 11, 2 and C&-ii Figure 4), grouped
separately from the outdoor samples. For the outdoor samples, thbile range of
varw/SIRM values is quite narrow (~10-15 X3/m), statistically significant correlations are
observed betweemrw/SIRM ratios and particulate-concentrations of phenathrene ajg B[
(r* = 0.55, n=7,p<0.05 and T = 0.68, n=7,p<0.05, respectively), witlyarw/SIRM ratios



declining in the order city centre>suburban>campus. This trend indifiaer magnetic
particle sizes at the city centre and a significant lirtkvben ultrafine magnetic particles and
PAHs. This link is likely to be controlled by traffic emissipggven that outdoor samples
from the city centre had the highest particulate PAH concenisatind high SIRM (>425
x10* Am™g™?). Association of PAHs with finer particle fractions (esg. pm diameter) has
been demonstrated in the urban environment and in vehicle emissignél(en et al 1996;
Zielinska et al., 2004). Notably, the outdoor city centre sangleated on a Sunday (CC-
0O1), when traffic was reduced, had lower PAH concentrationsSHR¥ values than the
week-day samples (CC-0O2 and 3); the Sunday city centre vakisgalar to the week-day
suburban outdoor samples.

As shown by NLM, the combined magnetic and PAH analyses enableriiietion not only
between outdoor and indoor pollution signals but also between diffgnqees of indoor

source.

5. Conclusions

e This pilot study reveals notable differences between the polluharacteristics —
particles, PAHs and magnetic properties - of indoor air frometldifferent sampling
sites. It suggests that indoor pollution sources vary signtficand there is little
evidence of the incursion of outdoor air, even in a city cemvegament.

* The combined particle-bound PAH and magnetic data provide a poweadlutct
classify samples according to likely sources and may providiuable diagnostic
tool to discriminate between indoor and outdoor combustion sources. Nagnet
measurements may provide a sufficiently specific marketrédiic-derived pollution
for use in studies of health effects of vehicldytan exposure.

e Given increasing evidence for damage to human health attributateeposure to
traffic-derived pollution, especially for children, more deth investigation and
implementation of these methods seems warranted and timefgerably using
passive collectors co-deployed in a variety of indoor environnidiifsrent rooms)

and outdoor locations (especially with regard to traffic proximity
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Fiqure headings

Figure 1. Arithmetic mean air concentrations for PAHs measured athitee sites (black
bars represent indoor samples and grey bars outdoors). Note the ichacaje of the y-axes

in the right hand plots.

Figure 2. Total suspended particle (TSP) concentrations for the indoan)outdoor (O)

samples.

Figure 3. Saturated isothermal remanence (SIRM) of particles ¢eleon magnetically-

clean PTFE filters, normalised to the air volume (a)@aticle mass (b).

Figure 4. Plot of HIRM vs.yarm /SIRM for the different samples. Increasing values of
YARM/SIRM indicate smaller magnetic grain size and indrepslIRM (where subsequently
stable to af demagnetisation) indicates the presence of timeriihe highest HIRM values

were observed for the suburban indoor air samples; possibly infllbgce cast-iron stove.
Figure5. Relationship between SIRM and particle-bound (@]B[and (b) phenanthrene

Figure 6. Non-linear map (a 2-D projection of the multidimensionagnetic and PAH
data) showing the grouping of indoor and outdoor air samples, basdd]en henanthrene
and SIRM (mass-normaliseghrv/SIRM, and the percentages of high-field IRM (HIRM,
i.e. the remanence acquired between 300 and 1000 mT). Tharexestless, representing

statistical distance rather than any physical parameter.

Table 1. Summary of air samples and sites. NB Sampled air volumethe indoor
environments were always considerably less (<30 %) than tmeahtelume of the property
(e.g., the internal volume of the CC apartment ~ 500tie largest sampled air volurhél

m°).
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Figure 3.
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Figure5
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Figure 6
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Table
Click here to download Table: Table 1.doc

Table 1. Indoor (I) and outdoor (O) air concentrations (vapour and particle phases combined) of PAHs (ng m'3)

Lancaster Uni Campus (LUC) Suburban house (SUB) City Centre (CC)
— _ANA— — _ A~ —  — A —
Lucn LuC2 LUCO1 LUCO2 SUBI1 SUBI2 SUBO1 SUBO2 SUBO3 ccn CC12 CC13 CcCo1 CCO2 CCO3
Day of week Sat/Sun Mon Mon Tues Fri/Sat Mon Mon Tues Wed Wed Thurs Fri Sun Mon Tues
Air volume (m3) 113 142 128 212 123 63.5 145 107 140 141 128 99.8 263 272 350
acenaphthene 1.93 45.7 0.79 0.71 18.6 32.0 0.59 0.08 0.33 5.87 7.44 7.00 1.75 <MDL <MDL
fluorene 1.88 113 1.43 1.38 40.9 67.6 0.76 <MDL? 0.38 9.20 11.0 8.76 <MDL 3.09 2.78
phenanthrene 15.5 148 5.39 2.96 43.0 86.5 5.42 5.07 6.1 53.7 62.7 53.2 26.2 33.6 233
anthracene 0.19 3.76 0.12 0.11 0.61 4.6 0.51 0.27 0.39 1.70 1.11 0.62 0.10 3.39 3.44
fluoranthene 223 13.7 <MDL 0.86 1.20 11.1 1.07 3.69 2.38 4.38 8.65 1.92 8.46 12.7 0.57
pyrene 1.26 5.86 <MDL 0.43 4.18 3.00 0.25 1.14 0.69 3.16 3.30 0.00 2.70 4.43 2.88
benzo[a Janthracene 0.23 3.14 0.07 0.46 0.07 <MDL 0.04 0.08 0.06 0.75 0.73 0.64 0.60 0.80 0.64
chrysene 0.21 2.28 0.18 0.95 0.52 0.03 0.21 0.25 0.23 0.93 0.28 0.19 0.32 0.69 0.44

benzo[b Janthracene 0.08 1.64 0.10 0.81 <MDL 0.03 0.53 0.08 0.30 <MDL <MDL <MDL 0.19 0.40 0.18
benzo[k Jfluoranthene 0.03 0.15 0.02 0.03 <MDL 0.02 0.03 0.05 0.04 <MDL <MDL <MDL 0.06 0.08 0.17

benzo[a Jpyrene 0.06 0.57 0.06 0.04 0.01 0.04 0.07 0.09 0.08 0.01 0.01 <MDL 0.27 0.56 0.30
dibenzo[ac Janthracene <MDL <MDL <MDL <MDL <MDL 0.05 <MDL 0.21 0.10 <MDL <MDL 0.19 <MDL <MDL <MDL
benzo[ghi Jperylene 0.05 1.20 0.06 1.40 <MDL <MDL 0.05 <MDL 0.02 <MDL <MDL <MDL 0.23 0.43 0.20
coronene 0.08 <MDL 0.09 <MDL <MDL <MDL 0.08 <MDL 0.04 <MDL <MDL <MDL 0.29 0.65 0.41
YPAH 23.8 338 8.3 10.1 109 205 9.6 11.0 11.2 79.7 95.3 72.6 41.2 60.8 353

*PAH method detection limits (MDL) range between 0.01 - 1.5 ng m™ (for 100 m® air sample)


http://ees.elsevier.com/atmenv/download.aspx?id=132467&guid=1ae72f17-948f-4371-ab6b-4c121a9be0b6&scheme=1




