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Abstract 

Investigations on long term trends of non-methane hydrocarbons (NMHCs) in 
rural areas are of interest for a better understanding of tropospheric ozone 
concentration. NMHC were measured on a French rural site from 2002 to 2005, 
as part of the EMEP program. First, the examination of the levels and trends 
showed a global decrease in NMHCs. These results are in accordance with the 
levels observed in other sites in Europe. They are also in agreement with the 
decrease of NMHC emissions in France as positive consequences of the 
European directive 99/13/CE. Nevertheless, we note a pronounced increase in 
biogenic compounds like isoprene, one species having a high potential of ozone 
formation. Secondly, data handling was based on receptor modelling using 
Positive Matrix Factorization (PMF) to characterize NMHC source profiles and 
their contributions. Six main profiles have been identified: domestic heating 
(28.2%); remote sources (22.1%), solvent use (18.4%), vehicle exhaust (10.6%), 
gasoline evaporation (9.9%) and biogenic (7.1%). This work is completed by a 
clustering analysis of air trajectories in order to apportion local and regional 
source contributions to the measured concentrations on the sampling site. 
The final aim of this study is to carry out a NMHC data extensive analysis in 
order to improve the comprehension of the increase trend of background ozone. 
Keywords:  NMHC, rural atmosphere, trajectory analysis, receptor model, PMF, 
source apportionment. 
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1 Introduction 

It has been well established that non methane hydrocarbons (NMHC) play an 
important role as precursors to ozone and other secondary photochemical 
pollutants. Ozone exceedences continue to be a major problem, especially at 
rural location in Europe where a large fraction (10-40%) of the population, was 
exposed to ground-level ozone concentrations above the health-protection-based 
target level [14]. For that reason, the relationship between ozone and its 
precursors still remains an issue of important concern. The distribution of 
NMHC is the result of three major combined processes: (1) primary and 
secondary formation process, (2) removal process and (3) mixing process. 

(1) Sources and primary NMHC are both of anthropogenic and biogenic 
origin. Major anthropogenic sources are related to fossil fuel 
combustion (vehicle exhaust, heat generation, combustion in industries), 
storage and distribution of fuel (evaporation) and solvent use [7]. 

(2) Mechanisms of NMHC oxidations are mainly induced by the hydroxyl 
radical OH in daytime, by the NO3 at night, and ozonolysis for 
unsatured compounds [1]. 

(3) Mixing process, closely related to meteorological conditions within the 
mixing boundary layer, tend to redistribute the pollutants through 
advective and convective transport at a regional or long-range scale, 
especially for long life time species (ethane, propane). 

The consideration of the relative importance of these factors can provide relevant 
information for a better understanding on NMHC impact on tropospheric 
chemistry. The objective of this work is to assess and apportion sources of rural 
NMHC on a temporal basis. To do so, a receptor model approach was used to 
analyse data of one rural site in France.  

2 Sampling site and measurement methods 

2.1 Sites description 

Data sets (N=390, completeness=93.5%) used in this study correspond to 
samples collected at one of the three rural EMEP sites of Tardière belonging to 
the French rural monitoring network called MERA (MEsure des Retombées 
Atmosphériques). The site (Figure 1) is located 1 km in the north of a small 
urban area (3,000 ha) and 50 km away from the sea. The most polluted area is 
located 100 km in the northeast of the site with a big urban centre (Nantes 
270,000 ha.) and a petroleum refining plant. 

2.2 NMHC sampling and analysis 

Measurements have been performed since 2002. Sampling is carried out twice a 
week on Tuesdays and Thursdays around 12:00 UT for 4 hours. 
     Stainless steel canisters (6L) provide the collection of NMHC samples 
according to the well-established TO-14 method [21] for many none polar VOC, 
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so used in the EMEP network. NMHC sampling has been done with canister 
sampler from Andersen instruments Inc. NMHC analysis is carried out by a 
VOC analyser (VOCAA from Chrompack equipped by an auto TCT/CP9000-
GC). Separation is performed by a dual capillary column system equipped with a 
switching device. The analytical conditions were described by Locoge and 
Galloo [16]. Four main steps constitute the QA/QC programme which is based 
on the TO-14 method (1997): (1) the establishment of standard operating 
procedures, (2) canister cleaning and certification (<0.02ppbv), (3) sampling 
system cleaning and lab certification, (4) in-situ tests with collocated samplers in 
field. 

(46°29'N,00°45'W)

Kosetic

Tardière

Üto

Waldhof

 

Figure 1: The Tardière sampling site and other EMEP sites. 

3 Levels and trends 

The annual average concentrations reported in table 1 are in good agreement 
with those observed in the other EMEP sites 
(http://www.nilu.no/projects/ccc/emepdata). That confirms the rural typology of 
this site. Besides, French site denotes by its higher concentrations in isoprene 
due to its climatology and the density of its vegetation. 

Table 1:  Comparison with other EMEP sites located in Figure 1 (Annual 
average in ppb). 

Site 2002 2003 2004 2005 2002 2003 2004 2005 2002 2003 2004 2005

Tardière (France) 1.794 1.864 1.785 1.732 0.446 0.546 0.477 0.439 0.119 0.190 0.150 0.157

Üto (Finland) 1.692 2.012 1.611 0.336 0.449 0.362 0.017

Waldhof (Germany) 1.784 1.824 1.760 0.707 0.824 0.789 0.031 0.033 0.04

Kosetic (Czech Republic) 2.189 1.994 1.641 1.136 0.97 0.819 0.041 0.047 0.026

Acetylene IsopreneEthane

 
 
     As already observed in rural and remote sites [9, 20], NMHC exhibit 
pronounced seasonal cycles (Figure 2). The cycle of anthropogenic compounds 
(e.g. ethane, acetylene and benzene) shows maxima in winter which reflects 
emission strengthening in that period, for instance with heating function and 
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vehicle “cold start” effect. In addition, chemical lifetimes of hydrocarbons are 
prolonged due to the low concentration of OH and the weaker UV-radiation 
compared to in summer. Furthermore, the height of the mixed boundary layer is 
often lower in winter than in summer. Moreover, summer minima highlights 
photochemical process. For C2-C4 alkanes, ground levels persist due to their long 
atmospheric residence time (several days). For short lived species (few hours), 
concentrations in summer are sometimes close to the Detection Limits (DL). 
Isoprene shows a clear opposite cycle indicating the contribution of biogenic 
emissions in summer. Some very high values occurring in summer for this 
species are well correlated with high levels of ambient temperature. 
     Times series (Figure 2) shows systematically some extreme valid values in 
winter for ethane, acetylene and benzene. Nevertheless, observed concentrations 
are lower than those observed in urban area. High concentrations of acetylene 
and benzene are correlated with high levels of short lived species like ethylene or 
propylene. So these events can be due to combustion emissions (vehicle exhaust 
or domestic heating) closer to the site. For Ethane, the trajectory analysis 
confirms that air masses associated with very high values of concentration have 
passed over urban areas. In the following section, we have considered the 
sensibility of the model to the extreme values. 
     Time series (Figure 2) for anthropogenic species have shown decreasing 
trends especially for benzene in relation to its volume limitation in fuel since 
1999 (directive 98/70/EC). 

ethane
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Figure 2: Typical NMHC Time series at Tardière site. 
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4 Methods 

4.1 PMF model 

The PMF was described by Paatero and Tapper [18] and has been used in many 
source identification studies involving VOC measurements in ambient air [2, 15, 
23]. The PMF2 program and additional guidance on the use of PMF [13] were 
used for this study. The PMF2 solve the receptor modelling: 

ij

p
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kjikij efgx +=∑

=

                                                  (1) 

where xij is the jth species concentration measured in the ith sample, gik is the 
contribution of the kth source to the ith sample, fkj is the jth species mass fraction 
form the kth source, p is the number of independent sources, and eij is the 
residual associated with the concentration of the jth species in the ith sample. 
     The PMF2 program minimizes the residual sum of squares, Q, given by: 

2

n

1i

m

1j ij

p

1k
kjikijn

1i

m

1j
2
ij

2
ij

s

fgx

s

e
Q ∑∑

∑
∑∑

= =

=

= =



















−

==        0≥fkj and 0≥ikg  (2) 

where sij is an uncertainty estimate for the jth species measured in the ith sample 
according to equation: 

( ) ( )2ij
2

iij 0,1.x/3DLs +=                                 (3) 

DLi is the detection limit of the analytical method for the ith species. Values 
below the DL were replaced by half of the DL and 5/6 of DL was assigned as 
their associated uncertainties [13]. Missing values were replaced by the 
geometric mean of the measured values, and associated uncertainties were set at 
four times this geometric mean. Various runs were done in order to optimise the 
selection of parameters and to test the robustness of PMF model. 
     Finally, the results were scaled to the measured concentration using a scaling 
constant, sk, obtained by regression from the measured NMHC  concentrations 
against the source contributions, gik :  

∑
=
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     The number of factors was determined such as (1) additional factors did not 
improve the Q values significantly, (2) the residual values have a symmetric 
distribution and were within ± 2, (3) scaling constants sk from regression were all 
positive.  
     The PMF factors were then explained by comparing them with known 
emission profiles. 
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4.2 Trajectory analysis 

Many studies have demonstrated the influence of atmospheric transport patterns 
on pollutants concentration by considering air mass trajectories [5,3,4]. Each 
sample was associated with its 5-day 3-hourly 3D-back trajectories arriving at 
the sampling station at 12:00 GMT (P=950 hPa). These trajectories were 
calculated by the British Air Data Centre. K-means clustering algorithm is used 
to group these trajectories depending on their direction, their speed and their 
altitude. The aim of this technique is to maximise between-group variance and to 
minimize within group variance. The method of determining the number of 
clusters to retain is the same as the one reported in Dorling et al [5]. 

5 Results and discussion 

47 of the 55 measured species were used for PMF analysis. Those with less than 
20% of their values above the DL were not considered. Eight factors (reported in 
Figure 3) were retained for PMF analysis. Good mass reproduction was obtained 
with this set of factors (R2 =0.97). Seven of the eight factors have been correctly 
identified. 
     The first factor F1 is dominated by ethane, propane, acetylene, butane, 
benzene and ethylene. Contribution time series shows a marked cycle with 
maxima in winter. Taking into account the lower urban density (limitation of the 
number of sources influencing the site), the average winter temperature (8.5°C) 
and by comparison with emission profiles resulting from GEMENIS database 
[8], F1 was identified as domestic heating function. This factor represents the 
highest contribution (28.2%). 
     Ethane is the predominant compound for factor F6. Because of its low 
reactivity, it is commonly associated to the contribution of old air masses 
brought by air transport towards the sampling site or closer sources like natural 
gas leak. That is the reason why this profile is usually labelled “remote sources” 
[11.2]. This source shows a significant contribution (22.1%).  
     Toluene, mp-xylene, o-xylene and ethylbenzene characterize the factor F8 
(18.4%). These aromatic compounds are emitted mainly from industrial solvent 
use sources [10]. The time series since 2002 to 2005 has shown a significant 
decrease of its contribution. 
     Ethylene and acetylene are the main components of F2 and F7. These species 
can be considered as profile of industrial sources or profile of automobile 
exhaust. Considering the short lifetime of ethylene, and the rural typology of the 
site without close industrial plant, these factors are associated with vehicle 
exhaust. The profile of automobile exhaust [6] corroborates this identification. 
The examination of contributions time series shows that F2 and F7 concern this 
profile respectively in winter and in summer. These factors represents 10.6% of 
the total contribution. 
     The factors F5 are abundant with propane, ethane associated with butane, iso-
butane, pentane, iso-pentane, benzene and toluene. This association seems to 
correspond to evaporative sources like gasoline vapour that usually do not 
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consist of the combustion compounds or from heavier hydrocarbons that 
volatilize more slowly [22]. F5 represents a contribution of 9.9%.  
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Figure 3: PMF Source factors in comparison with known source profiles. 
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Figure 4: Time series of contribution for biogenic sources 

     Factor F3 is labelled biogenic emission with isoprene as a predominant 
compound. Biogenic VOC emissions from vegetation are characterized by 
isoprene, which is commonly used as the marker of biogenic emissions. 
This compound is significantly higher in summer (Figure 4) and is well 
correlated with temperature. A possible contribution of industrial or automobile 
sources can here be neglected. Moreover, as observed in Figure 4, this moderate 
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contribution (7.1%) tends to increase which became a particular concern because 
of the important role of isoprene in ozone formation. 
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Figure 5: Average trajectories obtained by clustering analysis-relative share 
(%) of clusters. 
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Figure 6: Source contributions. 

     The average trajectories and the representativeness of the seven clusters 
obtained are reported in Figure 5. The contributions of factors are reported in 
Figure 6 for each trajectory cluster. For five by seven clusters, the factor F1 
related to heating source remains the principal component. We distinguish one 
group of clusters (continental clusters 1, 2, 3 and 4) more influenced by local 
emissions like domestic heating, solvent use or gasoline evaporation exhaust. 
Besides, Oceanic clusters 6 and 7 are less influenced by nearest urban sources. 
This group is dominated by the contribution associated with remote sources 
factor. Cluster 5 is mainly represented in summer. Highest contributions in 
biogenic sources appear in this cluster in comparison with others. 

6 Conclusion 

Concentration data of 55 NMHC  were measured on a rural site belonging EMEP 
network. The examination of time series underlines a significant decrease for 
anthropic compounds especially for Aromatics as positive consequence of 
European directives. Furthermore, concentrations in isoprene are typically high 
in France with a significant increasing temporal trend, which is becoming a 
particular concern due to the important role of isoprene in ozone formation. 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 101, ©  2007  WIT Press

230  Air Pollution XV



Secondly, data handling was analysed by Positive Matrix Factorization PMF to 
characterize source profiles and to compare their relative importance in rural 
areas. Six main profiles have been identified: domestic heating (28.2%); remote 
sources (22.1%), solvent use (18.4%), vehicle exhaust (10.6%), gasoline 
evaporation (9.9%) and biogenic (7.1%). Resulting from trajectory clustering 
analysis, the source contributions were shared into two main groups: (1) oceanic 
characterized by older air masses and (2) continental more influenced by local 
emissions. In a future work, a backward trajectory method will be applied to 
source contributions deduced from PMF in order to locate source regions. 
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