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Abstract The benzene, toluene, ethylbenzene, and xylene
(BTEX) compounds are categorized as volatile organic com-
pounds (VOCs) that may contribute to the formation of
ground-level ozone and photochemical smog, which can
cause damage to plants and materials as well as pose human
health concerns. BTEX compounds are considered harmful to
aquatic organisms. Benzene, toluene, ethylbenzene, and xy-
lenes can enter the environment during manufacture or use of
these substances or products containing them. Due to the high
volatility of BTEX compounds, emissions are expected to
occur principally to air by industries and transportation.
Ambient concentrations of BTEX were measured by means
of active sampling at 12 sampling points in Ahvaz, capital city
of Khuzestan province, from July to September 2012 and

January to March 2013. BTEX were analyzed by chemical
desorption followed by gas chromatography/flame ionization
detector (GC-FID). Mean concentrations of benzene, toluene,
ethylbenzene, xylenes, and BTEXwere 1.78, 5.19, 0.51, 1.13,
and 8.61 μg m−3, respectively, and found to be highly corre-
lated. The results of this study showed distinct seasonal and
spatial variability in atmospheric BTEX concentrations at
sampling sites. Their spatial distribution showed high differ-
ences between high-traffic and residential areas and also
pointed to traffic as the main emission source of these com-
pounds. The lowest levels of BTEX occurred during summer
due to increases in solar radiation and photochemical reac-
tions. Mean concentrations of benzene did not exceed the
European limits at any of the monitored points. Based on
BTEX levels, distribution maps were depicted to help urban
air pollution authorities understand hotspots, spatial varia-
tions, future layout of industries, and their possible displace-
ments for mitigation of BTEX levels.
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Introduction

In recent decades, we are faced with increasing energy con-
sumption in the world due to increasing population and fossil
fuel consumption, promotion of industries, and enhancement
in social welfare. The byproduct of this trend is producing air
pollutants which can have adverse effects such as global
warming, ozone depletion, acid rain, and photochemical
smog.

Organic compounds produced due to anthropogenic activ-
ities into the atmosphere are very important air pollutants
which were recognized 50 years ago in Los Angeles’ smog
by Haagen-Smit studies (Derwent 1995). Volatile organic
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compounds (VOCs), as the main group of hydrocarbons in the
atmosphere, play a significant role in physico-chemical pro-
cesses of the troposphere, since they contribute significantly to
the formation of ozone and other photochemical oxidants
(Kalabokas et al. 2001).

Some VOC effects were recognized so far including their
contribution to stratospheric ozone depletion, carcinogenic
and toxic human health effects, and their role in the enhance-
ment of global greenhouse effects (Cetin et al. 2003).

The most typical component of volatile organic com-
pounds pollution in air is BTEX which consist of benzene,
toluene, ethylbenzene, and xylene (Chattopadhyay et al. 1997;
Srivastava et al. 2005a, b). Polycyclic aromatic hydrocarbons
with lower vapor pressure mostly exist in a solid phase, and
monoaromatics such as benzene, toluene, ethylbenzene, and
xylene (BTEX) exist in a gaseous phase.

BTEX present in urban atmosphere result from motor
vehicle exhaust and a number of industrial activities such as
petrochemical process, storage, distribution, paint, solvent,
and combustion processes.

In urban areas, BTEX compounds constitute up to 60 % of
non-methane VOCs (Lee et al. 2002); among these VOCs,
benzene is a significant representative of aromatic hydrocar-
bons and has been a high-priority urban air pollutant for
assessment (Brocco et al. 1997; Coursimault et al. 1995;
Pfeffer et al. 1995).

Benzene is a carcinogen, and toluene strongly affects the
nervous system (TOXNET 2000). Recently, special consider-
ations have been paid to benzene pollution due to its high
toxicity. It is also known as a myelotoxic and leukemia-
inducing compound. It is proven that the concentrations of
airborne benzene related to an excess lifetime risk of leukemia
of 10−4, 10−5, and 10−6 are 17, 1.7, and 0.17 μg m−3, respec-
tively (WHO 2000).

However, a limit for ambient air benzene concentrations
has been announced in many countries. The European
Commission (EC) guideline value for the annual average
benzene concentration in Europe was 5 μg m−3 in 2000, then
decreased on 1 January 2006 and every 12 months thereafter
by 1 μg m−3 to reach zero by 1 January 2010. However, up to
now, this goal has not been achieved (Lan and Binh 2012). In
Asian countries such as Japan, India, Korea, Nepal, Thailand,
and Vietnam, the recommended annual thresholds for ambient
air benzene are 3, 5, 5, 20, 1.7, and 10 μg m−3, respectively
(CAI-Asia 2009).

Therefore, benzene has been added to the compulsory limit
list of Directive 2000/69/EC because of its health effects
(European Community 2000). The negative effects of benzene
are stated on the US EPAwebsite (EPA 2012).

Attentiveness to the trace analysis of VOCs and BTEX in
ambient air has grown considerably due to the important roles
of these compounds in atmospheric photochemistry and their
negative impacts on human health. Several papers have been

1published, and the ambient levels of these compounds
in the urban and rural atmosphere have been widely
investigated all over the world. For example, in EU
and USA, monitoring of these compounds has been
legislated and their air quality standards established.
Furthermore, there are some studies which investigated
the important role of VOCs in producing organic aero-
sol in Los Angeles (Duong et al. 2011; Wonaschütz
et al. 2011; Hersey et al. 2013).

Some studies suggesting that common sources of VOCs in
the ambient air are vehicular emissions since VOCs in vehicle
exhaust are present in fixed ratios (Pankow et al. 2003; Ho
et al. 2004; Parra et al. 2006; Khoder 2007; Bruno et al. 2008;
Hoque et al. 2008; Miller et al. 2009, 2010).

The atmospheric concentrations of BTEX and carbonyls
were measured simultaneously in summers of Beijing from
year 2008 to 2010 (Zhang et al. 2012). In another study, multi-
season, multi-year concentrations, and correlations amongst
the BTEX group of VOCs in an urbanized industrial city have
been done; and in this study, benzene, toluene, ethylbenzene,
(m + p)-xylene, and o-xylene were measured using 3M #3500
organic vapor samples (Miller et al. 2012).

Toluene to benzene (T/B) and (m + p)-xylenes to ethylben-
zene ((m + p)-X/E) ratios have been also investigated. T/B
ratio has been used as an indicator of emission sources in
North America (Miller et al. 2010, 2011) and internationally
(Hansen and Palmgren 1996; Khoder 2007; Hoque et al.
2008; Buczynska et al. 2009). The values of toluene to ben-
zene ratios in these studies were 1.5 to 4.0 in urban areas
impacted by mobile sources. The (m + p)-X/E ratio has been
also used as an indicator of photochemical age (Zhang et al.
2008). The amount of (m + p)-X/E ratio was approximately
3.6 in urban areas regardless of geographic location (Monod
et al. 2001).

In this study, the concentrations of BTEX compounds in
Ahvaz were measured in two seasons. The sampling method
was active using pump.

Ahvaz with latitude 31′ 32, longitude 48′ 68 and with a
population of more than one million is located in the south-
west of Iran and is the capital city of Khuzestan province.
Ahvaz has experienced many environmental problems such as
old infrastructure, deficiencies in wastewater collection sys-
tems, increasing salinity in water distribution network, as well
as air pollution. Recently, dust storms over southwestern of
Iran have added an anthropogenic source of air pollution to
this city.

According to the vast usage of BTEX compounds and their
effects on human health, sampling, and measurement of these
pollutants are crucial. Moreover, this city has many industries
especially petroleum industries, and the number of mo-
tor vehicles in this city are high. It is also worthy to
say that the measurement of these compounds has not
been done in Ahvaz.
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Experimental section

Field measurement site

In this study, according to EN 14662:2005 standard (Directive
1998), the city was categorized into four areas with varied
local activities including (1) residential area (urban back-
ground), (2) industrial area, (3) high-density traffic area (road
side), and (4) entrances and exits of the city (rural back-
ground); then 12 locations of these different areas were
selected.

The sampling locations are shown in the map of Ahvaz
(Fig. 1). S1, S3, S10, and S11 are in residential areas, and
traffic flows at these locations are nearly low. S2 and S8 are in
industrial areas, and the air quality at these locations is influ-
enced by the adjacent industrial areas. S5, S6, S7, and S12 are
high-density traffic areas. S7 is a commercial area with good
amount of traffic moment and S5 is near a gas station. S4 and
S9 are located at the entrance and exit of the city, respectively.
These two locations are far from industrial areas and with very
low traffic flow.

Sampling and analysis

In this study, for determination and comparison BTEX con-
centrations in different seasons, samplings were done in two
seasons. BTEX were sampled from July to September 2012
and January to March 2013. These two periods are represen-
tative of hot and cold periods of the year in Ahvaz,

respectively. Sampling was carried out in the height of 1.5–
2m above the ground level by active samplingmethod using a
hand-operated pump (SKC 224-44MTX). The air samples at
each of the 12 sampling sites were collected by the pump at a
flow rate of 200 ml min−1 for 8 h, and ambient air was drawn
through charcoal sorbent tubes. The glass tube was 7-cm long,
6-mm OD, and 4-mm ID, with flame-sealed ends and
contained two sections of activated coconut shell charcoal
(front=100 mg, back=50 mg) separated by a 2-mm urethane
foam plug.

Six samples were collected from each sampling site (three
samples for hot and three samples for cold periods of the year).
Therefore, in this study 72 samples were collected. At the end
of each sampling period, the sorbent tube was capped with
plastic cap and packed securely in 4 °C for shipment. Sample
preparation was done according to this trend: (a) each section
of sorbent tube (front and back sections) was placed in sepa-
rate 2 ml vials, (b) 1 ml CS2 (as eluent) was added to each vial,
and (c) sample was allowed to stand at least 30–45 min in
ultrasonic bath for agitation and then it was injected into the
chromatographic column.

The samples were transported to the laboratory and ana-
lyzed by gas chromatography–flame ionization detector (GC-
FID) technique, and they were analyzed as soon as possible or
kept in the refrigerator during storage and analyzed the day
after the sampling.

Separation and detection were done in a 7890N GC-FID
(Agilent Technologies, Palo Alto, USA), using a HP5-MS
capillary column (30 m, 0.25 mm, 0.25 μm) and 99.999 %

Fig. 1 Sampling points in Ahvaz
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pure helium gas as the carrier at a flow rate of 1 ml min−1. The
injection volume is 1 μl with 5:1 split. The injection and detector
temperatures were 250 and 300 °C, respectively. The oven
temperature of GC was programmed for 40 °C and held for
6 min, raised to 70 °C at a rate of 4 °C min−1 and held for 1 min,
then raised to 100 °C at a rate of 10 °Cmin−1 and held for 1 min.
The calibration standards were prepared by diluting the stock
standard of benzene, toluene, ethylbenzene, and xylene with
CS2; then, the working standards in parts per billion levels were
prepared from the standard concentrations (six working stan-
dards from below the LOD to ten times the LOQ). Benzene,
toluene, ethylbenzene, and xylene recovery ratios were 92±
3.5 %, 95±2.3 %, 95±2.4 %, and 90±2.2 %, respectively.
Eight samples (10 % of the samples) were collected as blank
samples, and the concentrations of BTEX in the blank tube were
below detection. The method detection limit (MDL) for the
benzene, toluene, ethylbenzene, and xylene were 0.3, 0.1, 0.1,
and 0.07 μg m−3, respectively.

Statistical analysis

SPSS software and Microsoft Excel were used for statistical
analysis. Analysis of variance (ANOVA) was done for iden-
tification of statistically significant comparisons and least
significant difference (LSD) calculations at an alpha level of
0.05 (α=0.05). Also, Spearman's correlation was used for
identification of the coefficient among BTEX species.

Results and discussion

BTEX levels

The mean concentrations of BTEX compounds are presented in
Table 1. Also, a statistical summary of the data on BTEX levels
in Ahvaz from July to September 2012 and January to March
2013(a total of 72 sets of measurements) is shown in Table 1.

The results clearly indicate that toluene had the highest
concentrations (annual mean among all sites and two sea-
sons=5.19 μg m−3), followed by benzene (1.78 μg m−3) and
xylene (1.13 μg m−3). Ethylbenzene (0.51 μg m−3) was pres-
ent at a lower concentration. The annual mean of total BTEX
was 8.61 μg m−3. Among BTEX, toluene has reported as
having the highest concentrations in urban areas in several
other studies (such as Yamamoto et al. 2000; Ho et al. 2004;
Srivastava et al. 2005b; Parra et al. 2006; Hoque et al. 2008;
Johnson et al. 2010).

The concentration levels observed in this study are compa-
rable to those observed in UK (Derwent et al. 2000), in
Germany (Schneider et al. 2001), in Texas (Smith et al.
2007), and in Detroit, Michigan (Johnson et al. 2010), al-
though there were some differences in the mean concentra-
tions of BTEX in these studies. These differences can be

attributed to the particular characteristics of the studied cities,
sampling points, sampling periods, and main city activities as
well as differences associated with vehicles, such as vehicle
production quality and fuel composition (Gee and Sollars
1998).

Smith et al. (2007) reported the highest concentration of
toluene (2.27μgm−3), followed by benzene (2.04 μgm−3), (m
+ p)-xylene (1.42 μg m−3), o-xylene (0.52 μg m−3), and
ethylbenzene (0.51 μg m−3).

The rank order observed in this study was similar to that
reported (Guo et al. 2007; Parra et al. 2006; Smith et al. 2007;
Hoque et al. 2008) with toluene being the highest, followed by
benzene, (m + p)-xylene, o-xylene, and ethylbenzene.

The annual mean concentration of benzene in ambient air
according to Directive 2000/69/ECmust not exceed 5 μgm−3.
In this study, the mean values of benzene in all sampling
points were always below this limit. Moreover, the highest
levels of benzene were registered in points S5 and S8 which
were 3.79 and 4.47 μg m−3, respectively.

Toluene levels are not regulated by European legislation,
but WHO establishes a guideline value of 260 μg m−3 as a
weekly average for the protection of human health. In this
case, the level remains much above the measured levels of
toluene in this study.

Temporal variability of BTEX

Figure 2 illustrates the variability of BTEX mean concentra-
tions of the 12 monitored points over the two sampling sea-
sons. The results of one-way ANOVA showed that there was a
statistically significant difference between two sampling pe-
riods for all these compounds.

The lowest BTEX levels related to summer (September
2012) with a mean concentration of 7.05 μg m−3. On the other
hand, the highest levels of BTEX compounds were measured
in winter (February 2013), with a concentration of
9.90 μg m−3. VOC concentrations were generally lower in
spring and summer than in winter and autumn, as found in
many other studies (Batterman et al. 2002; Kourtidis et al.
2002). Pankow et al. (2003) observed higher benzene and
toluene concentrations in the winter throughout the USA.
The concentrations of BTEX can be affected by several fac-
tors. In winter they reach a maximum level due to higher
atmospheric stability and a minimum level in summer, when
atmospheric dispersion is more significant. Because of more
sunlight and higher temperatures, which produce higher
chemical removal reaction rates, the removal of BTEX by
OH radicals in summer is faster than in winter (Ho et al. 2004).

For each BTEX compounds alone, this temporal variability
was also observed (Fig. 2). The lowest levels were registered
in summer, when an incredible loss of these compounds by
photochemical degradation was to be expected.
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Although significant decreases in benzene and toluene
concentrations based on their relatively slow reaction rates
should not be expected, photochemical reactions in summer
could decrease the concentrations of ethylbenzene and xy-
lenes since their higher reactivity causes their early degrada-
tion (Upmanis et al. 2001; Hellén et al. 2002).

The meteorology in Ahvaz shows an explicit summer and
winter characteristics. In winter the temperature decreases to

5 °C and in summer rises even to 50 °C. In the winter months,
the calm meteorological conditions, temperature inversion
and low mixing heights, and also the high stability of the
atmosphere restrict the dilution process of the pollutant.
Thus, in the winter months, the BTEX generally show a
higher level of concentration.

In contrast, the summer months in Ahvaz show an unstable
atmosphere with more insolation. These conditions help in the

Table 1 Mean concentrations
(μg m−3) of benzene, toluene,
ethylbenzene, and xylenes for 12
points

Sampling point Benzene Toluene Ethylbenzene Xylene BTEX

S1 1.27 2.17 0.27 1.02 4.73

S2 1.33 10.46 0.32 1.52 13.62

S3 1.60 2.56 0.20 0.99 5.36

S4 0.18 0.35 0.08 0.09 0.70

S5 4.47 8.94 1.00 1.23 15.64

S6 2.74 5.49 0.70 1.33 10.26

S7 3.79 8.86 1.40 2.41 16.46

S8 1.50 11.87 0.54 1.62 15.53

S9 0.22 0.56 0.12 0.23 1.14

S10 0.66 3.30 0.25 0.92 5.13

S11 0.50 0.98 0.22 0.57 2.27

S12 3.12 6.74 1.07 1.58 12.51

Mean 1.78 5.19 0.51 1.13 8.61

(SD) 1.43 4.10 0.43 0.64 6.02

Median 1.42 4.40 0.30 1.13 7.81

Min 0.18 0.35 0.08 0.09 0.70

Max 4.47 11.87 1.40 2.41 16.46

N 72 72 72 72 72

Mean of residential area 1.01 2.25 0.24 0.88 4.37

Mean of industrial area 1.42 11.17 0.43 1.57 14.58

Mean of high-density traffic area 3.53 7.51 1.04 1.64 13.72

Mean of entrances and exits of the city 0.20 0.46 0.1 0.16 0.92

Fig. 2 Temporal variation of
BTEX and its species
concentrations (μg m−3)
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Fig. 3 Distribution maps of the concentrations (μg m−3) of a benzene, b toluene, c ethylbenzene, d xylene, and e BTEX in Ahvaz
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photolysis of species like ozone and formation of more
OH radical, which play an important role in the atmo-
spheric degradation process of the aromatic VOCs. In
the present study, clear seasonal profiles were observed
for BTEX and they were almost similar at all sampling
points.

Spatial distributions of BTEX

Distribution maps were drawn to show the spatial distribution of
benzene, toluene, ethylbenzene, xylenes, and BTEX in ambient
air of Ahvaz in both sampling periods. These maps show large
spatial variations of the pollutants within the different parts of the
city (Fig. 3). According to mean concentrations of BTEX for the
each sampling points (Table 1) and spatial distribution (Fig. 4),
the highest levels of BTEX were registered in points S5, S6, S7,
and S12, close to roads with high-density traffic and S2 and S8,
next to industrial zones. Sampling points S4 and S9 showed an
opposite behavior, since these points were located far from
sources of pollution such as roads and industries.

In this study, the benzene concentrations in the trafficked road
were 3.5 to 9 times higher than in urban background (residential
area). These results are comparable to those obtained in a number
of European cities, where levels of benzene at hot spots were 3 to
5 times higher than the urban background levels (Hansen and
Palmgren 1996).

Benzene concentrations decrease rapidly in relation to the
distance from the source (high-density traffic areas), as also
reported in (Thorsson and Eliasson 2006). This trend is also
observed for other BTEX compounds emitted from traffic
such as toluene, ethylbenzene, and xylenes. As shown in
Fig. 3, toluene concentrations in downtown as well as points
S2 and S8 were high, which shows that industries in points S2
and S8 produce significant amount of toluene.

BTEX ratios and correlations

The possible sources of BTEX can be revealed by correlation
analysis (Wang et al. 2002; Christensen et al. 1999; Na and
Kim 2001; Brocco et al. 1997). In the present study,
Spearman's correlation (Table 2, two-tailed) of the concentra-
tions of BTEX for all sampling points was evaluated. A strong

correlation was observed among the species, which indicates
that the primary source of origin for these pollutants is similar.

The ratios between BTEX species have been widely used
as an indicator to provide information about the different
emission sources of these pollutants in the environment
(Khoder 2007; Guo et al. 2007; Kerbachi et al. 2006).

The concentrations of relatively stable BTEX species (ben-
zene and toluene,with atmospheric lifetimes of 12.5 and2.0 days,
respectively) gradually increase during daylight time due to
accumulation. However, ethylbenzene and xylene concentra-
tions, which are highly reactive in comparison with benzene
and toluene, usually decrease in daylight time due to photochem-
ical reactions (Prinn et al. 1987). In this study, toluene/benzene
(T/B), xylene/benzene (X/B), and xylene/ethylbenzene(X/EB)
ratios were investigated. T/B ratio approaching a value of 1
indicates traffic-originated emission sources, and the value in-
creases with the closeness of the pollution source (Gelencsér
et al. 1997). The mean of T/B ratio was 3.25 and as shown in
Table 3; this ratio was observed to be high at industrial locations
(>7). The highest T/B ratio was observed at points S8, S2, and
S10 which were 7.91, 7.86, and 5, respectively. The high T/B
values in these points indicated that the sources other than vehicle
exhaust, such as evaporation of solvents from factories and
emissions from other stationary sources like gas stations, could
make noticeable contribution to atmospheric BTEX.

At all sampling points, low X/B ratios were observed (0.28
to 1.39), which imply aging of the air mass and the effects of
photochemical reactions. The X/EB values were between 1.13
and 4.95. The T/B, X/B, and X/EB values obtained in this
study are comparable to those reported ranges observed in

Table 2 Spearman's correlation coefficients for the studied compounds

Benzene Toluene Ethylbenzene Xylene BTEX

Benzene 1.000

Toluene 0.716 1.000

Ethylbenzene 0.932 0.793 1.000

Xylene 0.792 0.888 0.876 1.000

BTEX 0.853 0.953 0.906 0.938 1.000

Table 3 Toluene/ben-
zene, xylene/benzene,
and xylene/ethylbenzene
ratios at different sam-
pling points

Sampling
points

T/B X/B X/EB

S1 1.71 0.80 3.78

S2 7.86 1.14 4.75

S3 1.60 0.62 4.95

S4 1.94 0.50 1.13

S5 2.00 0.28 1.23

S6 2.00 0.49 1.90

S7 2.34 0.64 1.72

S8 7.91 1.08 3.00

S9 2.55 1.05 1.92

S10 5.00 1.39 3.68

S11 1.96 1.14 2.59

S12 2.16 0.51 1.48

Mean 3.25 0.80 2.68

Min 1.60 0.28 1.13

Max 7.91 1.39 4.95

N 72 72 72
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China (Liu et al. 2000), in Greece (Kalabokas et al. 2001), and
in Rome (Gariazzo et al. 2005).

In present study, the T/B, X/B, and X/EB ratios increase in
the cold period of the year but decrease in the warm period
(Fig. 4). The reason for this differentiation might be related to
the difference of benzene and toluene photochemical reactiv-
ity or photochemical ozone creating potential (POcP). If the
POcP of ethylene is identified as 100, then the POcP of
benzene, toluene, ethylbenzene, o-xylene, and (m + p)-xylene
are 20, 55, 65, 105, and 90, respectively (Ciccioli et al. 1993).
Because of high insolation periods during summer, toluene,
ethylbenzene, and xylenes photodestruct and react with other
atmospheric constituents much faster than benzene and as a
result, these compounds are less abundant in relation to
benzene.

Conclusions

This study measured BTEX concentrations and correlations in
two seasons. The results of this study showed distinct seasonal
and spatial variability in atmospheric BTEX concentrations at
sampling sites. The concentrations and rank order of the
BTEX species were in agreement with previously reported
studies in other urban cities of the world. Seasonal value
comparisons revealed that there were significant differences
between BTEX concentrations in winter and summer.
Seasonal trends in concentration values were observed with
winter high and summer low for benzene, toluene, ethylben-
zene, and xylenes, implying that photochemical conversion of
BTEX species in Ahvaz was dominant in summer.

Strong correlations were observed between the BTEX spe-
cies, suggesting that these pollutants originated from the same
sources in the Ahvaz area. Using distribution maps of the
concentrations generated across the study area, we were able
to distinguish that the high-traffic areas and those adjacent to
industrial areas (S2 and S8) experienced higher BTEX levels
and concentrations decreased rapidly in relation to the dis-
tance from the sources.

Among the BTEX species, high concentrations of toluene
were observed at industrial locations. In the present study, low

concentrations of BTEX were measured at the residential areas.
The highest and lowest concentrations of these pollutants were
registered at high-traffic sampling points and entrance and exit of
the city, respectively.

T/B ratios were observed to be higher in winter than
summer and suggest that the main sources for BTEX in two
seasons were attributed to vehicle emissions, and sources
other than vehicle emission also made great contribution to
atmospheric BTEX due to relatively high T/B ratios in Ahvaz.

The spatial variability of T/B ratios demonstrates to some
areas being dominated by additional contributing sources as
well as traffic sources. Areas of the high or low T/B values
were stable over the seasons, suggesting that the T/B ratios
could be useful to distinguish the industrial source impacts
over and above the traffic signal. At industrial districts, T/B
ratios were observed to be high, and low X/B ratios were
observed at all the locations which reveal that photochemical
reactions were active during daytime.

The X/EB ratios indicate a relatively homogenous photo-
chemical age across the sampling points. Several differences,
for example, in X/EB ratio analysis and spatial variability, were
seen between the roadside and residential monitoring, suggesting
that roadside monitors are more representative of fresh mobile
emissions.
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