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ESTIMATIONS OF TOTAL CARBON (TC) AND SEVERAL
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Abstract. Ambient suspended Particulate Matter (PM10, TSP) were collected from July 2008 to
October 2008, in urban and rural sites of Bucharest area. The metallic species (Cd, Pb, Mn and Ni)
and total carbon (TC) content were analyzed. Ni and TC were found in higher concentrations in urban site.
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1. INTRODUCTION
Atmospheric particles have an important role on climate by radiative forcing
and by altering cloud properties, precipitation efficiency and ice formation [1,2]
but are also responsible of a several human health effects like: respiratory,
cardiovascular, allergic and lung cancer diseases [3–5]. All these characteristics of
airborne particulate matter depend on their concentration, size and chemical
composition [1, 6, 7].
Likewise, Pb, Cd, Mn, and Ni anthropogenic emissions are more important
than natural sources such as continental dust, volcanic dust and gas, sea spray, and
biogenic particles. The main anthropogenic sources of heavy metals are industrial
sources especially mining activities, foundries, and smelters and diffuse sources
such as piping, constituents of products, combustion by-products and traffic [8].
EC/BC (elemental carbon knew also as black carbon) is emitted directly in
particulate form during incomplete combustion of carbonaceous fuels. These
*
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particles contain also OC (organic carbon) with proportions depending on fuel and
combustion characteristics (e.g. fresh diesel soot contains 76% BC; [9]). Particulate
OC can be emitted directly or formed through photochemical reactions from
gaseous precursors [10]. Determination of TC (total carbon) – sum between BC/EC
and OC – contribute on estimate the carbonaceous compounds contained in
particulate matter.
Research studies dedicated to air quality in Romania, were mainly focused on
atmospheric gaseous compounds [11–13]. The present ambient air quality study
was focused on ambient suspended particulate matter being undertaken in urban
and rural sites on Bucharest area from July 2008 to October 2008. At both
monitoring sites, ambient level of PM10 and TSP were measured using a
gravimetric system. The sites and methods are described in Section 2. In Section 3
are presented the results related to both the PM mass concentration and total carbon
composition. Because the heavy metals identified in the environmental samples are
toxic for living organisms even at low concentration [14–17], the mass
concentration of Pb, Mn, Cd and Ni associated to PM10 and TSP were evaluated.
2. SAMPLING SITES AND METHODOLOGY
There were selected two sampling sites which are representative for urban
and rural sites. Urban site (noted US) is located in centre of Bucharest (relatively at
500 m from “zero kilometre” site) having the following coordinates: 44026’17”
North, 26006’19” East, at 93 m a.s.l. This site sampling is surrounded on all
directions by high buildings corresponding and is influenced mainly by road traffic
emissions. The sampling point for rural site (noted RS), with 44040'42” North,
26015’50” East, at 81 m a.s.l. is surrounded by farming land and a small forest
situated at approximately 35 km from Bucharest. In urban site, there were collected
PM10 and TSP particles and in rural site were collected only PM10 particles but all
samples were collected at a height around of 10 m corresponding for regional
studies [18].
Each 10 PM10 and TSP samples were collected in every month corresponding
for the period: July 2008–October 2008 only on weekdays. Each sample was
collected for a 24 hour period on glass fibre filter (Whatman, Schleicher&Schuell,
47 mm diameter) using 2 medium-volume air samplers for PM10 (Sven Leckel,
Germany) and one for TSP (Aquanta) for urban site. The average flow rate used in
urban site for PM10 sampling was 2.3 m3/h min and 1.8 m3/h for TSP; in rural site,
the flow rate was set on 3.2 m3/h for PM10 sampling. For filters weighing was used
an analytical balance (with 0.00001g precision). Filters were kept in open Petri
dishes in desiccators in weighing room at a constant temperature of 20±1°C,
relative humidity 50± 5% for having a constant mass of them before and after
sampling.
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For Pb, Ni, Mn and Cd analysis, samples were mineralized using a microwave
oven Milestone Digestor Ethos Sel on a 20 minutes program using 6 mL HCl,
2 mL HNO3 and 1.5 mL HF for a complete digestion and the Pb, Ni, Mn and Cd
elements were determined using a graphite furnace atomic absorption spectrometer
(GF-AAS) Thermo Solaar M5. Blanks were also prepared in the same conditions.

Fig. 1 – Representation of sampling sites.

A total carbon (TC) analyzer (Thermo Scientific) provided with a device for
solids samples was used to estimate the TC associated to PM10 and TSP particles.
Total carbon (TC) is defined as the sum of the elemental carbon (EC), organic
carbon (OC) and carbonate carbon (CC) in an aerosol sample and thermal analysis
is one of the most widely used for the determination of the mass of TC
concentrations [19, 20].
3. RESULTS AND DISCUSSIONS
3.1. MASS CONCENTRATION
In this section, time series of PM10 and TSP concentrations are explored with
respect common temporal patterns in rural and urban stations. The corresponding
mean concentration for summer season (July- September 2008) was 17.61 µg/m3 in
urban site but PM10 concentrations varied on a large domain (15.04–71.93 µg/m3)
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(Fig. 2a). In rural site were observed lower concentrations than in urban site
(10.53–46.44 µg/m3).
The daily variation of particulate matter concentrations has been examined.
The analysis did not reveal any characteristic weekly pattern common for the two
stations (Fig. 2b). The arithmetic average of daily concentrations during weekdays
in rural site was 26.30 µg/m3 varying in a narrow domain (10.53–46.44 µg/m3).
This suggested that no extreme regional pollution episode was registered during
sampling period. Instead, in urban site, it was observed that in Mondays and
Fridays (first and last weekdays) were registered the highest concentrations
probably due to the increased traffic density [21]. In our following studies will try
to verify if this pattern depending on weekdays will remain. The arithmetic average
of daily concentrations in urban site was 40 µg/m3 but their variation took place on
a large domain (15.04–71.93 µg/m3) likely due to the anthropogenic sources
agglomeration.

a)

b)

Fig. 2 – a) Temporal variation of PM10 mass concentrations in urban and rural sites; bar errors are
also presented; b) week variation of PM10 mass concentrations in urban and rural sites.

PM10 and TSP concentrations for August-October 2008 period in urban site
were distributed as shown in Fig. 3, having similar trends. Since regulations rely
upon arithmetic averages, our discussion focuses on arithmetic average
concentrations. The average PM10 concentrations during the months August,
September and October for urban site, were: 54.81 µg/m3, 34.81 µg/m3 and
57.97 µg/m3 respectively. Thus, it can be observed that PM10 average
concentrations were higher than the European Union air quality annual PM10
standard of 50 µg/m3 [18] in August and October 2008. In case of TSP, the average
concentrations during the months August, September and October for urban site,
were: 93.86 µg/m3, 52.72 µg/m3 and 78.02 µg/m3 respectively being lower than the
national threshold of 150 µg/m3. The lower values of PM10 and TSP mean
concentrations registered for September can be explained by increasing of
pollutants dispersion due to enhanced air circulations.
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b)

Fig. 3 – Urban site: a) TSP concentration; b) PM10 concentration for August–October period.

The measured PM10 concentrations were compared with the data from monitoring
stations of Bucharest Environment Agency closed to urban (Cercul Militar)
and rural (Balotesti) stations. In case of rural site comparison, the measurements
are largely uncorrelated [22]. The values of regression line slope = 0.38147,
intercept = 16.53953 and linear correlation coefficient, R2 = 0.11993 for a number
of data points, N=30 suggested high differences of particulate matter sources both
natural and anthropogenic.

a)

b)

Fig. 4 – Comparison between PM10 concentrations: a) rural site-Balotesti; b) urban site – Cercul Militar.

Regression line slope, intercept, and R2 are given in Fig. 4b for urban site
comparison. The number of data points (N) was reduced in urban site from 30 to 24
because there was found no data for urban station-Cercul Militar for 6 days. The
value of intercept near to 0 suggested that sources are probably similar in the both
urban sites (mainly traffic), and value of R2 show a relatively good agreement
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between the two urban sites taking into account that possible other local sources
may strongly influence PM10 mass concentration [23].
3.2. VARIATION OF TOTAL CARBON CONTENT
The environmental relevance of the carbonaceous aerosol comprises a
number of important topics, such as human health, direct and indirect climate
forcing, and air-quality. The high number of organic molecules reported to be
associated with ambient fine aerosols have a wide range of different physical and
chemical properties, of which impact on human health and cloud formation largely
remains unknown. Furthermore, black carbon is the principal light absorbing
species in the atmosphere, significantly affecting the Earth’s radiative balance [24].
We analyzed the total carbon (TC) in aerosol particles.
The highest TC content associated to PM10 particles was found in urban site,
in the summer season (8.53 µg/m3) and the lowest TC content was found in rural
site in winter season (0.007 µg/m3) (data not published yet). The lower
concentrations in winter season were explained due to the high values of relative
humidity that intensify the removal processes of particles from the atmosphere.
Compared with data from wintertime can be observed that TC content registered
generally low values but few maxima large the domain. In summer season, values
of TC content varied on a median value of 6.31 µg/m3 in urban site and 4.57 µg/m3
in rural site.

(a)

(b)

Fig. 5 – (a) Variation of TC content associated to PM10 fraction in urban and rural sites in summer
season; b) comparison between TC content on TSP and PM10 for urban site in summer season.

Additionally, TC content in PM10 and TSP was 1.9 higher in urban samples
than in rural samples. TC content for TSP particles registered a small shift until
14.73 µg/m3 (Fig. 5b). Although, if TC content is correlated only with the particle
mass (µg) deposited on filter, it can be observed that total carbon content represent
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a higher percent from mass of particles in the winter (data not published yet). As
conclusion high TC concentrations were associated to PM10 particles than to TSP.
3.3. VARIATION OF Cd, Pb, Ni AND Mn CONTENTS ASSOCIATED TO PM10
AND TSP
The Cd concentrations values, with 1 or 2 orders of magnitude lower in
comparison with the other metals (Pb, Ni, Cd ) may be the result in some part due
to it slow volatility and to emission at high temperature that are very limited [25]
(Fig. 6).

Fig. 6 – Variation of Pb, Ni, Mn and Cd associated to PM10 during summer season
in urban and rural sites.

Kim et al. (2007) made correlation analysis of Cd content from 13 stations in
Korea for a 14 years period. Their results suggested that Cd concentrations from a
station are apt to share strong homogeneity with the other stations from
surrounding areas [26]. This may explain the closeness between the Cd
concentrations in urban site (0.76 ng/m3) with those from rural site (1 ng/m3)
emphasized by the high transferability of Cd between different environmental
reservoirs [26]. As may be seen, Cd concentration associated to PM10 was lower
than the European Union threshold 5 ng/m3 [27].
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Nriagu et al. (1986) found that anthropogenic sources contribute with more
than 90% at the global Cd emissions [28]. Studies of ice core samples indicated
that Cd levels may have reached a maximum in the 1960 and then a decrease was
registered constantly until 1994 [29]. Until now, many studies have confirmed that
Cd emissions decreased both on local and on global scales [30]. Our data are
insufficient to draw a pattern for showing a concentrations tendency through time
but revealed that these concentrations in Bucharest area are similar to those found
in other studies [31] and in other European cities, even smaller in some cases [32].
Lower concentration but close values of Pb were registered in rural site, due in
part to homogeneity of Pb distribution (150 ng/m3). In urban site, values of Pb
concentration varied on a very large domain (100–350 ng/m3) and it is expected
that the Pb distribution to be affected more sensitively by anthropogenic source
processes (e.g. under the heavy traffic conditions) [33]. In addition, many studies
focused on Pb associated to PM10 explain the spatial and time distribution through
the combined effects of source/ sink processes and meteorological conditions [34].
Mn concentrations are very scattered not only in urban but also in rural site because
until now there are no regulations to impose thresholds for this pollutant. One
reason that raises the complexity grade in evaluating the correct value of Mn
concentration threshold is the fact that manganese is an element frequently found in
soil composition [35]. Also it can be observed that mean Mn concentration in rural
site, 47.39 ng/m3, is about 1.72 lower from mean concentration from urban site,
81.68 ng/m3 (Fig. 6).

Fig. 7

– Variation of Pb, Ni, Mn and Cd associated to PM10 and TSP during summer season.

9

Total carbon (TC) and several metals in PM10 and TSP

195

Ni concentrations in PM10 samples were very different from rural (2.61 ng/m3)
to urban site (126.13 ng/m3). This may reflect the anthropogenic origin of Ni in
PM10 content, in urban site. Nowadays, Directive 2004/107/EC implies that Ni
concentration to be 20 ng/m3 for the total content in the PM10 fraction averaged
over a calendar year [27]. In conclusion, it is necessary to implement a daily Ni
concentration monitoring plan in Bucharest at least.
Such as expected, the lower contents in metals (Pb, Ni, Mn, Cd) were found
in PM10 sampled in rural site (Fig. 7) Pb and Ni presents lower concentrations in
TSP, indicating that these metals have affinity to PM10 than TSP. Mn and Cd
showed similar trends being in relatively higher concentrations in TSP deposits but
if Mn and Cd is related to particles mass from the filter, it will be observed that are
no affinity to a specific fraction (PM10 or TSP).
4. CONCLUSIONS
Ambient concentrations of PM10 in rural site showed that no extreme
pollution episode took place on during sampling campaign. In urban site it was
identified a possible pattern which revealed that in weekdays the highest
concentrations are in Mondays and Fridays. Our following studies will verify and
argument the existence of this pattern or other pattern. The comparison of our
measured concentrations with data from monitoring stations of Bucharest
Environment Agency stations (Cercul Militar - urban site, Balotesti - rural site)
emphasized that only in urban site, the sources are the same and it was found a
good correlation between sites. In case of rural site, no correlation was found
primary due to different sources.
TC content was higher in urban PM10 samples showing that TC is found
preferentially in PM10 samples.
The concentration of Cd, Pb, Mn, and Ni associated to PM10 samples were
discussed and the following conclusions were drawn:
– Cd concentrations were lowest and not pass the EU threshold;
– low concentrations of Pb were registered in rural site and in urban site, Pb
distribution is affected more sensitively by anthropogenic source processes;
– Mn concentrations are very scattered not only in urban but also in rural site
because until now there are no regulations to impose thresholds;
– the high Ni concentrations in PM10 samples justify the necessity to
implement a daily Ni concentration monitoring plan in Bucharest.
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