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Abstract

In this study, a statistical investigation was carried out for the evaluation of any rela-
tionship between polycyclic aromatic hydrocarbons (PAHss) associated with ambient aer-
osols and other air quality parameters under varying meteorological conditions. Daily
measurements for PAHs and air quality/meteorological parameters were selected from a
data- base constructed by a comprehensive air monitoring in London during 1985-1987.
Correlation coefficients were calculated to examine any significant relationship between
the PAHs and other individual variables. Statistical analysis was further performed for
the air quality/meteorological data set using a principal component analysis to derive im
portant factors inherent in the interactions among the variables. A total of six com
ponents were identified, representing vehicle emission, photochemical activity/
volatilization, space heating, atmospheric humidity, atmospheric stability, and wet deposi-
tion. It was found from a stepwise multiple regression analysis that the vehicle emission
component is overall the most important factor contributing to the variability of PAHs
concen- trations at the monitoring site. The photochemical activity/volatilzation compo-
nent appeared to be also an important factor particularly for the lower molecular weight
PAHs. In general, the space heating component was found to be next important factor,
while the contributions of other three components to the variance of each PAHs did not
appear to be as much important as the first three components in most cases. However, a
consistency for these components in their negative correlations with PAHs data was
found, indicating their roles in the depletion of PAHs concentrations in the urban atmos-
phere.

1. INTRODUCTION

Polycyclic aromatic hydrocarbons(PAHs) and
their derivatives can be formed in any combustion
process involving carbonaceous fuels (Badger,
1962). The environmental concern for these comr
pounds has been well justified since not only have
many of them proven mutagenic and/or carcinoge-
nic properties, but they are also known to be ubig
uitous in the ambient air to which the general pub-

lic is exposed (International Agency for Research
on Cancer, 1983; National Research Council,
1983).

The extent to which humans are exposed to these
compounds is a function of several parameters in-
cluding concentrations of PAHSs in the ambient air,
distribution between the gaseous and particulate
phases in which they occur, and the size distribu-
tion of particles with which they are associated
(Van Vaeck and Van Cauwenberghe, 1985; Daisey
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Jet al,, 1986, Baek et al., 1991a, 1991b).

These parameters are again functions not only of
the strength of emissions from various sources but
also of the prevailing atmospheric conditions. Thus,
for complete evaluation of the significance of air-
borne PAHs in the ambient air, it is necessary to
identify major sources of emissions in addition to
evaluating the physical and chemical charac-
teristics in the ambient air. In general, the major
sources of PAHs in an urban area are emissions
from motor vehicle exhausts, space heating and in-
dustrial sources, of which their relative contribu-
tions are obviously temporally and spatially varia-
ble ( National Research Council, 1983 ).

Once PAHs are released into the atmosphere,
they are subject to a variety of atmospheric pro-
cesses through which their distribution, removal,
transport, and degradation can occur (Baek et al,,
1991b). Therefore, the amount and distribution of
PAHs to which humans are exposed are dependent
not only on the magnitude of emissions from vari-
ous sources but also on the stability of individual
PAHs in the atmosphere. However, despite of their
importance in understanding the fate and behav-
iour of PAHs in the atmosphere, very little is
known about the relationships and interactions be-
tween the atmospheric PAHs and other air quality
and meteorological parameters.

In this study, a statistical investigation was per-
formed for the evaluation of relationships between
PAHs associated with ambient aerosols and other
air quality parameters under varying meteorolo-
gical conditions. For the statistical analysis, daily
measurement data for each variable were selected
from a data- base constructed by a comprehen- sive
air monitoring in Central London during 1985-
1987 (Baek et al, 1992). Correlation coefficients
were calculated to examine any significant relation-
ship between the PAHs and other individual varia-
bles. Statistical analysis was further performed
with the air quality and meteorological data set
using principal component analysis to derive impor-
tant factors inherent in the interactions among the
variables, A stepwise multiple regression was then
formulated for each PAHs based on the principal
components in order to determine which of the de-
rived factors are most significant in describing the

variation of PAHs concentrations. These results
may be useful for estimating the relative impor-
tance of emission sources and also to deduce infor-
mation on the removal processes of PAHs in the
urban atmosphere.

2. MATERIALS AND METHODS

2.1 Sampling and Monitoring of PAHs and Air
Quality Parameters

A detailed description of the sampling regime
and methodology is given elsewhere ( Baek et al,
1991c, 1992). A total of 18 PAHs were studied in
a regime incorporating 48 weeks of monitoring
from October 1985 to September 1987 at Exhibition
Road, South Kensington in Central London, U.K. In
order to obtain sufficient data over varing
meteorological and air quality conditions, the moni-
toring was divided into 4 periods per year: two in
the summer and two in the winter. Each period
consisted of 6 weeks on average. The air monitor-
ing programme can be divided into two main cate-
gories, i.e. (i) sampling and analysis of PAHs and
(ii) measurements of routine air quality/meteoro-
logical parameters.

Two different types of daily particulate samples
were collected separately throughout the entire per-
iod, using 47 mm teflon and cellulose acetate fil-
ters, respectively. The teflon samples were extract-
ed for the determination of PAHs, while the cellu-
lose filter samples were used for the gravimetric
measurement of suspended particulate matter
(SPM) and then analyzed for particulate lead. In
parallel with SPM sampling, a total of 9 gaseous
air pollutants and 4 meteorological parameters
were continuously monitored in situ using a mobile
laboratory, of which details are shown in Table 1.
Smoke, defined as black shade, was also measured
in situ every 3 hours. In addition to these direct
measurements, rainfall and sunshine hours data
were obtained on a daily basis from London Weath-
er Centre.

For this study, a subset of the data, which con-
tains a total of 135 daily measurements of particu-
late PAHs and other air qulaity parameters, was
selected from the original database. The period
coverd by these data is January to September
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1987. For each variable, 78 data- points are cor-
respond to the winter data (January to March),
while 57 to the summer data (May to September ).

2.2 Analysis of PAHs

The analytical method applied for the determina-
tion of PAHSs involves a Soxhlet extraction of the
particle- laden filters with dichloromethane, fol-
lowed by a clean- up stage using SEP-PAK silica
cartridges prior to analysis by reverse-phase
HPLC with UV and wavelength programmable flu-
orescence detection. Details of the analytical proce-
dure can be found elsewhere { Baek et al.,, 1991c).

2. 3 Principal Component Analysis

The interpretation of statistical analyses of air
quality data is often limited because there is
usually a high degree of correlation among the var-
iables. In order to separate such interrelationships
into statistically independent variables, principal
component analysis ( PCA) which is a special case
of factor analysis, was applied to air quality and
meteorological data sets. The primary objective of
applying PCA is to derive a small number of com-
ponents which explain a maximum of the variance
in a data set. Initially, the PCA results in as many
principal components( PCs) as there are original
variables. In general, however, only a limited num-
ber of these uncorrelated components are sufficient
to explain virtually all of the total variance in a
data set of original variables. In order for this re-
duction in the demensionality to be useful, the new
variables must have simple substantive interpreta-
tions. Empirically, it has been found that unrotated
PCs are often not readily interpretable, since they
each attempt to explain all remaining variance in
the data set (Henry and Hidy, 1979). For this rea-
son, a limited number of components are usually
subjected to rotation using criteria such as
Varimax, Equamax and Quartmax. After rotation,
the resulting components have been found to often
be more useful for interpreting the underlying na-
ture of variation. The merits of PC rotation in
analysing air pollution data have been widely dis-
cussed in the literatures ( Henry and Hidy, 1979;
Thurston and Spengler, 1985). Based upon the
above considerations, an orthogonal rotation by the

Varimax method was carried out in this study
when performing PCA. The Varimax method con-
stitutes a maximisation of the PC loadings, which
are correlations between each variable and the
PCs.

2. 4 Multiple Regression Analysis

To determine the relationships between each
PAHs and the principal components, a stepwise
multiple regression analysis was carried out using
PAHs as a dependent variable and the principal
components as independent variables. The forward
variable selection procedure was employed. For
each PAHs, the important principal components in
describing the variation of PAHs were selected
based on given criteria of significance level. Unless
specified, all the statistical analysis were carried
out using SPSS- X version 2.1, which was available
from the CDC Cyber mainframe of the Imperial
College Computer Centre.

3. RESULTS

A statistical summary of PAHs concentration
data obtained by teflon filter samples is shown in
Table 2. A list of gaseous and particulate pollu-
tants and meteorological parameters included in
the statistical analysis is presented in Table 3, to-
gether with their means and ranges of the mea-
sured levels. The implications for these variables in
the physical and chemical processes of the atmo-
sphere are given in the literature { Henry and Hidy,
1979; Wolff et al, 1986). As shown in Table 3, the
standard deviation of horizontal wind direction was
calculated in order to use as an indicator of atmo-
spheric stability. This method of turbulance classifi-
cation has been recommended by the U.S. Nuclear
Regulatory Commission, together with the vertical
temperature gradient methed (Sedifian and Ben-
nett, 1980). A computer programme for the calcu-
lation of mean and standard deviation of wind di-
rection was made based upon the algorithm devel-
oped by Nelson (1984 ).

Correlations between the PAHs concentration
data and measured levels of air quality and
meteorological parameters are shown in Table 4. In
general, the PAHs data appeared to be the best
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Table 2. Summary of PAHs concentration(ng/m?) data
PAH Abbreviation Mean S.D. Min. Max.
Phenanthrene PHEN 0.13 0.11 0.02 0.55
Anthracene ANTHR 0.20 0.17 0.02 0.82
Fluoranthene FLUR 0.86 0.84 0.08 397
Pyrene PYR 092 0.76 0.06 3.86
Benzo( c)phenanthrene BcPH 094 0.89 0.10 5.53
Cyclopenta( cd )pyrene CcdP 3.15 3.25 0.17 14.90
Benz(a)anthracene BaA 091 0.74 0.11 4.77
Chrysene CHRY 1.35 1.41 0.10 7.66
Benzo( b)naphtho(2, 1-d) thiophene BNTH 1.21 1.53 0.06 7.44
Benzo( e)pyrene BeP 2.18 1.33 0.61 7.88
Benzo( b)fluoranthene BbF 1.85 1.15 0.52 6.79
Benzo( k)fluoranthene BKF 0.80 0.53 0.29 3.32
Benzo(a)pyrene BaP 1.66 1.11 0.39 5.98
Dibenz( a, h)anthracene DahA 0.14 0.12 0.02 1.03
Benzo( ghi )perylene BghiP 3.60 1.72 1.39 11.61
Indeno( 1, 2, 3-cd)pyrene 1123p 1.76 0.92 0.55 597
Anthanthrene ANTHN 0.85 0.80 0.04 4.82
Coronene COR 1.95 0.99 0.72 6.89
18 PAH Total >PAH 2443 15.48 5.54 79.86
Table 3. Summary of air quality and meteorological data
Variable Abbreviation Unit Mean SD. Min. Max.
Total hydrocarbons THC ppm 2.2 0.3 1.5 3.0
Non-methane hydrocarbons NMHC ppm 0.6 0.3 0.1 1.7
Carbon monoxide CO ppm 18 0.8 0.5 5.0
Sulphur dioxide SO2 ppb 13.3 75 2.2 36.0
Daily mean Ozone 03 ppb 15.3 32 4.1 29.9
Hourly maximum Ozone 03X ppb 348 6.4 22.0 53.0
Nitrogen oxide NO pphm 7.6 39 1.6 26.5
Nitrogen dioxide NO2 pphm 33 1.7 1.3 6.0
Smoke SMK pg/m? 3538 12.4 14.0 78.0
Suspended particulate matter SPM pg/m? 65.1 26.2 26.0 172.0
Particulate lead PB ng/m® | 2685 | 168.4 71.0 976.0
Wind direction® WDSD degree 16.7 55 6.0 27.0
Wind speed WSPD m/sec 24 1.0 0.8 59
Degree days** DGDAY C 9.1 5.9 —4.2 225
Daily maximum temoperature TMAX C 134 6.9 —26 29.3
Relative humidity RH % 63.2 14.1 30.3 97.0
Absolute humidity*** AH g/m 58 2.2 2.0 12.1
Inverse of relative humidity**** IRH 35 3.1 1.4 33.2
Rainfall RAIN mm 32.0 4.0 0.0 24.8
Sunshine hours SUN hr 4.8 2.5 1.0 10.4

* Standard deviation of wind direction

** Degree Days=18°C — Ambient Temperature( Daily Mean)
*** Ahsolute humidity was calculated based upon an polynomial developed by Lowe(1977)

**** [RH=(1—RH)™*
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correlated with the combustion related air pollu-
tants such as NO and NO.; SO, smoke, and
hydrocarbons. Typical traffic-related pollutants
such as CO and lead also exhibited significant cor-
relations with the airborne PAHs. In contrast, very
poor or no correlations were generally found be-
tween the PAHs and meteorological parameters ex-
cept the ambient temperature. Significant correla-
tions between the PAHs and the ambient tempera-
ture are reasonable, indicating the seasonal effect
on the measured levels of PAHs.

Examination of Table 4 reveals that there are
two distinct patterns in the results: one shows con-
sistently positive correlations with combustion re-
lated parameters, and the other consistently nega-
tive correlationships with parameters such as wind
speed (WSPD), atmospheric stability (WDSD),
absoulte humidity ( AH), rainfall (RAIN), and sun-
shine hours (SUN). The former factor, in accord-
ance with the positive correlations of PAHs with
degree days (DGDAY), can be related to the pro-
duction sources of atmospheric PAHs, whereas the
latter may be indicative of the depletion factor for
atmospheric PAHs.

To further explore the relationships between
PAHs and other air quality parameters given in
Table 4, a principal component analysis was ap
plied to the air quality and meteorological data in
order to derive independent variables. The resulting
principal component patterns are presented in
Table 5, where all components with eigenvalues
less than one after varimax rotation are not shown.
A total of six components were derived, explaining
81.2% of the total variance of the data set.

The first component, which alone contributes 27.
3% of the total variance, was undoubtedly believed
to represent ‘motor vehicle emissions’ since it has
exclusively high loadings for the traffic-related
species such as NMHC, CO, NO, NO,, smoke, and
particulate Pb. The second component, accounting
for 16.5% of the total variability of the data,
showed very high positive loadings for ozone relat-
ed variables (24 hr mean O; and 1 hr maximum
0Os) and moderately positive loadings for daily max-
imum temperature, sunshine hours, and absolute
humidity, which are generally known to play an im
portant role in the atmospheric 'photochemical

activity’ { Henry and Hidy, 1979).

The third component, explaining 13.0% of the
total variance, was allocated as being related to’
space heating’. The high positive loading for the de-
gree days suggests that this component is associat-
ed with lower-than-average temperature, while
the moderately positive loadings for SO, and smoke
also indicate their association with fuel consump-
tions for heating purposes during the winter sea-
son. The interpretation of the fourth component is
much clearer, since it is well correlated with rela-
tive humidity (RH) and IRH. The IRH, as being de-
fined in the note of Table 3, is known to be
theoretically related to aerosol water content
(Henry and Hidy, 1979). Thus, this component was
believed to be related to the water vapour content
in the ambient air, being termed as’atmospheric
humidity’.

The fifth component, which contributes 7.4% of
the total variance, was interpreted as representing
the degree of atmospheric stability’. A high posi-
tive loading for the standard deviation of wind di-
rection and a negative loading for wind speed sug-
gest the relationship of this component to vertically
unstable atmospheric conditions with lower- than-
average wind speed, which indicates the degree of
atmospheric diffusuion and/or transport. Finally,
the sixth component, explaining 5.4% of the total
variance, was simply labelled 'wet deposition’, since
rainfall alone indicates a high correlation with this
component. In addition, although correlations ap-
peared weak, negative loadings for particulate pol-
lutants including smoke, SPM, and Pb further sug-
gest the association of this component with the re-
moval of airbome particles by precipitation or wet
deposition.

The next step was to use the individual PAHs as
dependent variables and regress them on the PC
scores as independent variables. The results are
presented in Table 6, where the regression coeffi-
cients and the percentages of the total variance of
the dependent variables explained by each PC are
summarized. The forward stepwise variable selec-
tion procedure was employed based on given crite-
ria.

Examination of Table 6 indicates that overall,
the greatest amount of the PAHs variance was ex-
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plained by the component representing’ motor vehi-
cle emission’. In most cases, the contribution of the
motor vehicle emission component appeared to be
about 30 to 50% of the total variance. However,
comparatively lower contributions of this compo-
nent were found for lower molecular weight PAHs
such as PHEN to BcPH. In addition, BNTH exhibit-
ed relatively poor correlation to the motor vehicle
component when compared to other compounds
having a similar molecular weight. The ’space
heating’ component appeared in general to be next
in importance following the 'vehicle emission’, even
though there is a substantial difference between
each PAHs in the amount of variance explained by
this component.

The ’photochemical activity’ component also ex-
plained significant amounts of the variance of some
PAHs, especially lower molecular weight PAHs
and BaP. Another important observation on the
"photochemical activity’ component pertains to the
consistently negative coefficients for all the PAHs,
which revealed a statistically significant correlation
with this component. Particularly, the closer associ-
ation of this component with the lower molecular
weight compounds than the higher ones possibly in-
dicates the enhanced effect of volatilization of
PAHs in the atomosphere when ambient tempera-
ture increases. A similar observation is also appar-
ent for the 'wet deposition’ component, although its
contribution to the total variance of each PAHs
was relatively small.

The fourth significant factor in describing the
variations of ambient levels of PAHs was found in
general to be the’ atmospheric humidity’ compo-
nent, while the significance of the 'atmospheric sta-
bility’ component seems to be the least among the
six components since it exhibited poor or no corre-
lations with most of the PAHs, explaining only a
small proportion of their variance.

4. DISCUSSION

Despite their importance in understanding the
fate and behavior of PAHs in the atmosphere, very
little is known about the relationships and/or inter-
actions between the atmospheric PAHs and other
air quality and meteorological parameters. Wolff et

al. (1986) observed an apparent relationship be-
tween the mutagenicity of airborne particles and
the ambient concentrations of NO;, SQ,, NMHC and
particulate organic carbon. Van Houdt et al
(1987) also found strong relationships between
major gaseous species and mutagenicity data. How-
ever, these findings may not be considered conclu-
sive since only a limited number of observations
were incorporated into the statistical analysis. Fur-
thermore, such mutagenicity related information
may not always be relevent to the understanding of
the nature and behaviour of individual PAHs com-
pounds in the atmosphere since the mutagenic
activity was not contributed by PAHs compounds
only.

In this study, in order to investigate the nature
and sources of the atmospheric PAHs, a total of
135 daily measurements of 11 air quality and 9
meteorological parameters were statistically
analysed in conjunction with PAHs concentration
data obtained from PTFE filter samples during
1987. As shown in table 4, all major air pollutants
appeared to be significantly correlated with the
PAHs data in most cases, although the degree of
correlation varied from one compound to another.
Seasonal effects on the measured concentrations of
PAHs were clearly demonstrated by the apparent
negative correlations of temperature with all the 18
PAHs. Similarly, rainfall and sunshine hours also
exhibited consistently negative correlations, which
are considered to be an indication of their role in
the depeletion mechanisms of the atmospheric
PAHs.

In contrast, very poor or no correlations were
found between the PAHs and some of the
meteorological parameters such as atmospheric sta-
bility, expressed as a standard deviation of wind di-
rection, and average wind speed. The explanation
for the poor correlation of the PAHs with such
wind data is not clear, but seems to be at least in
part due to the fact that the monitoring situation
can be linked to a’street canyon’ morphology,
which consequently makes the representativeness
of the wind data questionable.

In an earlier study ( Gordon and Bryan, 1973), it
was reported that ambient air concentrations of
coronene(COR) and lead were strongly correlated
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for all of the four sites in the Los Angeles area
where traffic was the dominant airborne particles
contributor. Similar results were also obtained from
four sites in New Jersey during 1979, suggesting
that COR, like lead, is a good indicator of traffic
density in an urban area (Greenberg et al.,, 1981 ).
From this study, however, there appeared only
moderate correlations between lead and COR in
particular (R = 0.55) and PAHs in general (R =
0.29 to 0.65). The relatively poor relationships be-
tween the lead and the PAHs, compared to the pre-
viously reported data, might have resulted from the
decreased contribution of motor vehicle sources to
the atmospheric lead concentrations during this
study. It was estimated that the background lead
level in the air of the Greater London area was
about 90mg/m during 1986, and its relative contri-
bution to the total atmospheric lead has increased
by approximately 20% as a result of the reduction
in the lead content of petrol (Baek etal, 1992). In
this study, the average concentration of lead includ-
ed in the statistical analysis was 269mg/mi, which
represents only less than one-fifth of that from the
New Jersey area during 1979, while COR levels
were comparable with each other.

Although the air quality and meteorological pa-
rameters exhibited statistically significant correla-
tions with PAHs data in most cases, significant
correlations were also apparent between these pa-
rameters. In general, the investigation of the basic
relationships between air quality and other aero-
metric variables by statistical techniques has often
been complicated by the highly intercorrelated na-
ture of the variations in the data. The fact that
many variables of interest tend to fluctuate more
or less in random reveals difficulties for routine
statistical analyses and interpretation of the
results. It has been established that PCA can over-
come such technical difficulties in air pollution
studies by providing of valuable insight into the un-
derlying chemical and physical processes of the at-
mosphere (Henry and Hidy, 1979; Thurston and
Spengler, 1985; Wolff et al., 1986).

Application of PCA to the air quality and
meteorological data set demonstrated that the 20
intercorrelated variables could be summarized by
only 6 uncorrelated variables, which explain more

than 8% of the total variance of the original data
set. The 6 principal components were considered to
represent 'vehicle emission’, ‘photochemical acti-
vity’, 'space heating’, "atmospheric humidity’, "atmo-
spheric stability’, and 'wet depostion’. From a view-
point of the atmospheric evolution of PAHs, these
6 independent variables seem to be well associated
with two main factors, i.e. the production and de-
pletion of the PAHSs in the atmosphere.

Generally, in an urban area the production sourc-
es are emissions by vehicular traffic, residential
heating and industrial sources, whose relative
strengths are obviously variable under particular
situations. On the other hand, the depletion parame-
ters are related to a number of factors, which can
be summarised as following: (i) degradation by at-
mospheric reactions either by photochemical reac-
tions, where the amounts of gaseous oxidising a-
gents and solar intensity are involved, or by ther-
mal reactions which can occur even in the dark
and are controlled by the quantity of the pollutants
and the temperature; (ii) shifting the equilibrium
in the aerosol, between the gaseous and the particu-
late phases, which depends on the temperature and
the molecular weight of each PAHSs; (iii) dilution
by increase in the mixing height, which depends on
the meteorological conditions but is identically ap-
plicable for all the PAHs; (iv) the transport pro-
cesses, which are functions of the wind speed and
atmospheric stability; and (v) removal processes
by wet and/or dry deposition (Daisey et al., 1986;
Baek et al., 1991b).

In this study, the 'motor vehicle emission’ compo-
nent was demonstrated to be overall the most im-
portant source contributing to the variability of
PAHs concentrations at the monitoring site, ex-
plaining about 30 to 50% of the total variance of
each PAHs in most cases. However, comparatively
lower contributions of the vehicle emission to the
lower molecular weight compounds ( from PHEN to
BcPH) were also apparent. These more volatile
compounds appeared to be explained to a similar
extent by the ’photochemical activity’ component.
Since this component was also associated with
higher-than-average ambient temperatures, the im-
plication is that, under atmospheric conditions with
an increased temperature, the concentrations of the
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more volatile compounds decrease owing to the en-
hanced effects of volatilization and/or chemical re-
actions either in the atmosphere or during samr
pling. The importance of such meteorological fac-
tors to the variability of the more volatile PAHs
appeared to be as much as that of motor vehicle
emission, in terms of their contributions to the total
variance. Poor correlation of BNTH with the vehi-
cle emission component may indicate that this com-
pound is related mainly to other sources such as
coal combustion or diesel exhaust (Daisey et al,
1986).

The relatively small amount of variance ex-
plained by the 'photochemical activity’ for the five
to six rings PAHs is somewhat surprising since
some PAHs have been demonstrated to be trans-
formed by photochemically initiated reactions in
laboratory studies (Korfmacher et al, 1980). A
possible explanation for this apparent anomaly may
be that the monitoring site was too close to local
sources to allow enough time for appreciable atmo-
spheric secondary reactions to occur. Furthermore,
in discussing the role of photochemical and/or
chemical reactivity of PAHs, it is important to dif-
ferentiate, at least in principle, between losses oc-
curring during sampling and atmospheric
residence, since sampling losses due to volatilisation
were demonstrated previously to be significant for
up to 4-ring PAHs but negligible for five rings and
larger PAHs (Pitts et al., 1986 ).

Nevertheless, it is interesting to note that there
appeared to be a comparatively more significant
correlation between the 'photochemical activity
component and BaP, about 12% of variance being
explained, which has been known to be more reac-
tive compared to other PAHs with a similar molec-
ular weight or its isomers. (Daisey et al, 1986;
Pitts et al,, 1986 ). The Photochemical and/or chem-
ical reactions of PAHs are of particular signifi-
cance since they are capable of producing a variety
of oxygenated or nitrated derivatives, some of
which appear to be potent direct mutagens { Wolff
et al, 1986). It is generally accepted that there is
considerable reactivity between PAHs and atmo-
spheric chemicals, while the adsorption medium ap-
pears to play a crucial role (Korfmacher et al,
1980).

The 'space heating’ component also appeared to
explain a significant part of the variance of a num-
ber of PAHs. The next important factor was found
in general to be the ’atmospheric humidity’, where-
as the contributions of other components such as’
atmospheric stability’ and 'wet depostion’ to the
variance of each PAHs did not appear to be as sig-
nificant as the first four components in most cases.
However, these components exhibited a consistency
in their negative correations with PAHs, which are
indicative of their role in the depletion of PAHs
concentrations in the atmosphere.

5. SUMMARY AND CONCLUSIONS

In this study, a statistical investigation was car-
ried out for the evaluation of any relationships be-
tween PAHs associated with airborne suspended
particulate matter and other air quality parameters
under varying meteorological conditions. The air
qulaity and meteorological data collected at South
Kensington in central London during 1987 were
subjected to Varimax rotated principal component
analysis. A total of six components, explaining
about 81% of the total variance, were retained and
interpreted to represent vehicle emission (27% ),
photochemical activity/volatilization (17% ), space
heating (13% ), atmospheric humidity (12%), at-
mospheric stability (7% ), and wet deposition (5
% ), respectively. From a viewpoint of the atmo-
spheric evolution of PAHSs, these six components
seem to be well associated with two main factors:
the production and depletion of the PAHs in the
urban atmosphere. It was found from the stepwise
multiple regression analysis that the 'vehicle emis-
sion’ component is overall the most important fac-
tor contributing to the variability of PAHs concen-
trations in the monitoring site, explaining about 30
% to 50% of the variance of each PAHs in most
cases. However, comparatively lower contributions
of the ’vehicle emission’ to the volatile and/or reac-
tive PAHs were also apparent. These compounds
were explained to a similar extent by the 'photo-
chemical activity’ component. The ’space heating’
also explained a significant part of the variance of
several PAHs, while the contributions of other com-
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ponents such as "humidity’, 'atmospheric stability’
and 'wet depostion’ to the variance of each PAHs
did not appear to be as important as the first three
components in most cases. However, there was a
consistency for these components in their negative
correations with PAHs data were found, indicating
their roles in the depletion of PAHs concentrations
in the atmosphere.
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