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This paper reports the results of the application of passive collectors to the collection of solid organic atmospheric particles (SOAP) in
Wroctaw (SW Poland) to carry out stable carbon isotope analyses. §'°C (SOAP) values collected during the vegetation-free period, from
November to March, vary in a narrow range from —24.5 to —27.8%o. We show that 8'°C (SOAP) is able to provide information about at-
mospheric pollution with respect to different emission sources. 8'°C (SOAP) values collected during the period of vegetation growth,
from April to October, show a wide range from —20.5 to —26.9%o. The most probable explanations for the '*C-enriched values in summer
are that: (i) the SOAP have been contaminated with fresh and decomposed organic matter in the passive collector and/or (ii) SOAP are de-
rived from outside the city or from outside Poland (C, plant particles). Therefore, the §'°C (SOAP) may not represent a strictly
anthropogenic impact. The passive collector method for the (SOAP) collection should be applied only in areas with dry deposition of at-
mospheric dust where deposited organic matter is not decomposed in the water contained in collectors. We recommend the use of active
sampling methods (hi-volume sampler) to collect SOAP useful for carbon isotope analyses.
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INTRODUCTION

Atmospheric dust, especially its finest fractions (PM10,
PM2,5 and PM1), is very hazardous to human health (lung dis-
eases, allergies, cancers and others; Siegmann et al., 1999;
Inyang and Bae, 2006). In spite of the modernization of all
branches of industry, the dust problem in large urban areas, in-
cluding Wroctaw, remains critical. The agglomeration of
Wroctaw, with ca. 640000 inhabitants and complex old road
geometry, results in problems with air quality. Generally, two
types of anthropogenic atmospheric pollutants are indicated:
(1) low emission (from local heating and traffic pollutants); (2)
high emission (from large industrial plants, which are also lo-
cated in Wroctaw).

In this paper we report the results of carbon isotope mea-
surements on solid atmospheric organic particles (SOAP) col-
lected using the passive collector method. The carbon isotope
analyses have been made as part of a larger investigation of at-
mospheric particles (including carbon isotopes from organic

particles and oxygen isotopes from mineral particles). The iso-
topic composition of carbon in SOAP may provide information
about its potential sources (soil organic matter, fresh organic
matter, organic matter from combusted fossil fuels and others)
and indicate areas with stronger anthropogenic impact. Investi-
gations of the air quality in Wroctaw, described by other au-
thors, concerned daily fluctuations of CO and NOy concentra-
tion between high buildings (Mikotajczyk et al., 1999),
SODAR (Sonic Detection And Ranging) methods indicating
atmospheric pollutants (Drzeniecka et al., 2000), variations of
§*S (SOZ")and §'*0 (SO?") in precipitation and in mineralogi-
cal composition of dust (Jedrysek, 2000, 2003; Gorka and
Jedrysek, 2004a, b, c).

The main goals of our study were: (1) to assess the reliabil-
ity of the passive collection method for carbon isotope monitor-
ing of atmospheric dust; (2) to determine sources of organic
matter in SOAP (anthropogenic or natural); (3) to observe sea-
sonal variations in §"C (SOAP); (4) to discriminate potential
zonation in atmospheric pollution using isotope analyses com-
bined with meteorological observations.
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Fig. 1. Location of 12 passive collectors in Wroclaw

EXPERIMENTAL PROCEDURES

Nine periods of sampling of atmospheric dust have been
carried out in Wroctaw (SW Poland). Passive collectors, built
of non-reactive materials as described by Jires et al. (2002),
were located throughout the city. Collectors were located 2.5 m
above the ground. The collecting area is 0.0398 m” and the vol-
ume is ca.5 L. To avoid deposition of large non-dust compo-
nents (leaves, insects) each collector was covered by a plastic
grid (mesh size 2 mm).

12 passive collectors were place in areas of predominantly
old-compact settlement, high traffic pollution, and distributed
1-3 km around the hard coal-fueled heat and power station
“Wroclaw” (potentially the largest single emitter in Wroctaw;
Fig. 1). All the collectors were installed in November 2003 and
the samples were gathered every two months over nine collec-
tion-periods.

Before the carbon isotope analyses, the dust material from
the collectors was dried, weighed and washed with a 0.3M HCI
solution (1 hour) in order to remove inorganic carbon phases
(mainly carbonates and hydroxides; Connin et al.,1997; Col-
lins et al.,1999). The dust samples were then divided in half,
and dried for 24 hours at 50°C. One part was washed with
perhydrol (30% H,0,) in order to remove organic matter
(SOAP), as described by Jackson (1985). The contribution of
the SOAP fraction to the total dust was determined by the
weight loss and the total dust, the inorganic mineral fraction
and the organic fraction were calculated and expressed in

mg/m?/day. The other fraction of total dust particles containing
SOAP was combusted with copper oxide (CuO) wire, under
vacuum at 900°C using the sealed quartz tube method
(Boutton, 1991; Skrzypek and Jedrysek, 2005). The CO, ob-
tained was cryogenically purified and collected in glass am-
poules. Carbon isotope ratios were analyzed using mass spec-
trometer MI-1305 (produced at the Sumach factory, USRR)
(Department of Mass Spectrometry at UMCS, Lublin, Poland)
and a Finnigan MAT Delta E mass spectrometer (Laboratory
of Isotope Geology and Geoecology at University of Wroclaw,
Poland). The error of the §'"°C determination was below 0.1%o,
for both the types of mass spectrometer used. The carbon stable
isotope standards used were IAEA NBS-22 and NBS-19.

We also measured the carbon isotope composition of other
potential sources of carbon in dust particles (soil, grass, leaf, in-
sect, building plaster, coal, furnace black, and soot from diesel
and gasoline car engines). Leaves, grass, and insects were incu-
bated in rain water for one month to simulate the decomposition
processes of SOAP in the water stored in the passive collectors.

Meteorological data were obtained from the Meteorological
Observatory of Wroclaw (University of Wroclaw). Complete
meteorological data were collected 60 times per hour. Predomi-
nant wind directions and wind velocities were calculated as a
sum of frequency in the individual angle interval. Maps of the
spatial distribution of SOAP deposition and 8"°C values were
made using the Golden Sofiware Surfer 8.0 (choosing the inter-
polation kriging method). Graphs and correlations were obtained
using Golden Software Grapher 5.0 software.
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Table 5

Contribution and the 3"*C value of organic matter
from soil sampled on 24.03.2005

Organic matter from soil

Sample -

station 8 Crpa[%o] Orgamoc matter
WR 1 -26.3 2.33
WR 2 -26.2 1.47
WR 3 —26.8 3.61
WR 4 —24.5 4.09
WR 5 —24.0 0.88
WR 6 —25.6 0.91
WR 7 —26.2 2.24
WR 8 —26.6 3.22
WR 9 —25.9 2.09
WR 10 —24.7 2.53
WR 11 —25.7 3.22
WR 12 —26.1 1.95
Min. —26.8 0.88
Max. —24.0 4.09
Average -25.7 2.38

Table 6

5Crps [%o] value of the Wroclaw organic matter
collected for the experiment

Wroctaw organic matter
(WOM)
Sample name | 55 Cppp%%0] | 8" Cpop[%o]
before incu- | after | month

bation of incubation
grass -30.5 -30.7
algae' n.a. -30.7
leaf -27.3 -28.4
algae® n.a —28.8
insect -30.0 -30.3
coal’ -242 n.a.
coal* -25.7 n.a.
furnace black’ -24.5 n.a.
diesel soot -28.3 n.a.
gasoline soot -26.8 n.a.
Min. -30.5 -30.7
Max. -24.2 -28.8
Average —27.2 -29.8

'algae formed in the beaker during incubation of grass (see
Introduction); “algae formed in the beaker during incuba-
tion of leaf (see Introduction); *low-quality black coal used
in heating and power station “Czechnica” in Siechnice —
high emission; *high-quality black coal used in local hearts
— low emission; *furnace black obtained from the chimney
where high-quality black coal (low emission) has been
burned; n.a. — not analyzed

§13C,p5 [%o] SOAP

—— Passive Collector WR1
+——+ Passive Collector WR2
#—@ Passive Collector WR3
*—* Passive Collector WR4
Vegetation period , &% Passive Collector WR5
| B—~8 Passive Collector WR6
| G— Passive Collector WR7
| a—= Passive Collector WRS
I &——¢ Passive Collector WR9
I &—— Passive Collector WR10
I +—— Passive Collector WR11
: +——+ Passive Collector WR12
|
|
|
|
I
|

= = Avarage of samples

s

Heating period
I |

November-January
January-March
March-May

May-July
July-September
September-November
November-January
January-March
March-May

Sampling period

Fig. 2. Seasonal variations in the 3"°C value
of the solid organic atmospheric particles (SOAP) in Wroclaw

source of SOAP are shown in Table 6. The §"°C (WOM) values
vary from —24.2 to —30.5%o. The §"°C value of organic matter
samples incubated in rainwater varied from —28.4 to —30.7%eo.
Beside SOAP and WOM, we also measured the 8"°C value of
carbonates from that plaster that covers buildings (—15.0%o;
n=06).

Meteorological data indicate that predominant wind direc-
tions in Wroclaw are south-west and north-east, and addition-
ally south-east (except in summer). Winds in Wroctaw are clas-
sified as of low speed, the two month-period average velocity
being lower than 3 m/s. The major wind velocities are well cor-
related with the major wind directions (SW), but the strongest
wind episodes correspond mainly to a NNW wind direction.
Although it is not possible to compare, spatially, geochemical
data (SOAP deposition and §"°C (SOAP)) to single-point mete-
orological data, meteorological data indicate the potential di-
rections of air pollutant transport (SW—-NE).
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and Clayton (2003) indicated values of about
~23.8 +£0.4%o for Lower Silesia. The SOAP §"°C
value during the vegetation period was expected to
vary between —28 and —30% due to the 8"°C of local
C; plants, which can be the main source of SOAP
during the growing season.

The data obtained during the heating season are
close to the expected values (Table 4), but only in
those areas of Wroctaw where old settlements with
low emissions dominated (Fig. 4). However, sur-
prisingly, the SOAP §"°C during the growing period
varied within a wide range from —20.5 to —27.8%o
(Table 4 and Fig. 2). The higher carbon isotope ratio
during the growing season cannot be explained by
the presence of soil particles in the total dust fall.
This is because the §"°C value of the soil organic
matter collected close to the passive collectors var-
ied between —24.0 and —26.8%o (Table 5). Weak
positive correlations between the 8"°C (soil) and
8"C (SOAP) values were observed only during the
late spring (17.05.2004 to 22.07.2004; R* = 0.28)

L Heating periods {R? = 0.05)
& Vegetation periods (R = 0.11)
Rz =0.28 (all points)
—_— — p=<005
20 — n=91
& &
. ® e
® -
& 5% o &
22 — & 7~
& o 7
% A @ @ o
N @
e o
- & @ -~
2 24 — B o
1]
2 . e ® ®
Q oo @ &
g 1 & 7 ®
3.
od
5 — \
2 ?@0 e o
-+ z * <& &
**
* *
*
-28 T [ T I T
0 40 80

SOAP fall [mg/m2/day]

Fig. 5. Relations between the 83C (SOAP) and SOAP fall in Wroclaw

DISCUSSION

Firstly, we have observed seasonal variations in SOAP con-
centrations as well as in their §°C values (Figs. 2 and 5). During
the heating period (from late autumn to early spring), SOAP fall
and the 8"°C varies within relatively narrow ranges (Figs. 2
and 5). When vegetation grows (from late spring to early au-
tumn), SOAP fall and the §"°C varies within wide ranges (Figs. 2
and 5). The spring to autumn deposition of total (organic and in-
organic) dust in Wroctaw is higher (Table 1 and 2) than in the
winter period. A similar pattern has been observed at Karlsruhe,
Germany (Norra and Stiiben, 2004). We suggest that this is due
to higher concentrations of organic matter in the atmosphere dur-
ing the growing period (pollen, fragments of plants, insects, etc.)
as well as to stronger deflation (particles from soil that is un-
frozen and not covered by snow are easily deflated). Also, the
growth of algae, fungi and bacteria in collectors contaminating
the SOAP concentrations is possible.

The explanation of the §"C (SOAP) variations is problem-
atic. Moreover, the expected SOAP §"°C values during the heat-
ing period should vary between —24%o (when the combustion of
coal dominates) and —27%o (when the combustion of diesel and
oil dominates). Our expectations are supported by observations
relating to liquid fuels reported by Widory ef al. (2004), e.g. reg-
ular and unleaded fuel combustion generates particles showing
8"C values —24.2 +0.6%o, whereas diesel fuel particles have
8"3C values of —26.5 £0.5%o. Through investigations on the car-
bon isotope composition of Polish coal carried out by Kotarba
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| and early autumn (21.09.2004 to 24.11.2004;
R? = 0.35). This implies increased deposition of
wind-borne soil organic matter in the collectors, and
meteorological data indicate that wind directions
and velocity were similar during these two periods.
The higher 8"°C of the C; soil organic matter ob-
served by previous authors reported §"C values
ranging between —23 and —20%o (Staddon, 2004) is
not applicable in our case, because Wroctaw 8"°C values are
lower (Table 5). Therefore, organic matter of soil origin cannot
explain the highest 8"°C values (close to —21%o) obtained in
passive collectors (Table 4 and Fig. 2).

We have to consider whether it is possible that SOAP were
potentially partially altered or decomposed in situ in the wet con-
ditions inside the rainwater-filled plastic collectors during the
growing period. The isotope ratios of the SOAP in the collectors
could perhaps be influenced by atmospheric CO, dissolved in
rainwater with the consequent abundant growth of algae, fungi
and bacteria contaminating the SOAP isotopic values. The §"°C
value of the atmospheric CO, in the city downtown varies be-
tween —8 and —13%o (Szaran, 1990; Kuc, 1991; Staddon, 2004;
Szaran et al., 2005) — this results in higher §"°C of the organic
matter grown in the collectors if dissolved CO, can be used for
the production of this organic matter. It follows that, both the
amount of collected organic matter and its carbon isotope ratios
may not be representative of pristine SOAP.

A weak positive correlation between SOAP [mg/m*/day]
and its 8" Cppg [%o] (R* =0.28) was found (Fig. 5), but this is not
evidence that the 8"°C of SOAP is controlled by the origin of the
accumulated SOAP. For further evidence, a simple experiment
was carried out. Local organic matter soaked for one month in
rainfall water had §"°C values that were slightly lower than those
obtained from fresh organic matter before incubation (Table 6).
Although a one-month incubation is a short time compared to the
two-month sampling periods, the slight negative change in §"°C
values goes in the opposite direction compared to the expected
strong positive change. A similar °C isotope depletion resulting
from decomposition of organic matter in the soil has been no-
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ticed by other authors (Deines, 1980; Benner et al., 1987,
Lichtfouse e al., 1995). Plant lipids and lignin are *C-depleted
relative to bulk tissue, whereas amino acids, cellulose and
hemicellulose are usually *C-enriched (Lichtfouse ef al., 1995).
Since lipids and lignin are more resistant to biodegradation rela-
tive to other plant constituents, and because the major part of
plant carbon is rapidly recycled to the atmosphere, the accumula-
tion of plant matter into soil (or other decomposed matter) by se-
lective preservation of plant lipids, or lignin, vs. polysaccharides
should have led to a notable shift of the isotope compositions of
soil organic components towards “C-depleted values
(Lichtfouse et al., 1995). This may be a plausible explanation for
our experimental results, but does not explain the relatively high
8"C values obtained during the growing period (Table 4 and
Fig. 2). According to these results, we conclude that the passive
collector method cannot be applied in regions with predomi-
nantly wet deposition, especially in summer.

The cause of the high-8"C values also cannot result from the
contribution of plaster from the building surface
(8"C =—15.0%o) because carbonates were removed from each
SOAP sample (XRD confirmed) before the isotope analyses and
because high-8"°C values obtained during summer were not ob-
served during the winter period when a considerably more active
physical weathering of building plaster is expected.

We hypothetically suggest (not confirmed by palynological
investigations) that the organic dust is delivered from outside
of the city or even outside of Poland (particles, especially pol-
len, delivered from C, plants have a distinctly higher §"C
value, close to —13%o (Staddon, 2004)).

At this stage we are unable to explain the high §"°C (SOAP)
values collected during the growing period (Table 4 and
Fig. 2). A plausible mechanism could be the formation and ac-
cumulation of microbiological organic matter within or/and on
the surface of SOAP and mineral particles. This newly formed
organic matter should be expected to show high §"°C values re-
sulting from the assimilation of *C-enriched dissolved inor-
ganic carbon (DIC) being close to isotopic equilibrium with at-
mospheric CO,. Also, sequential degradation would enrich the
carbon pool, as the light CO, leaves the system.

Alternatively, we can hypothetically suggest that the dust
collected in Wroctaw may be transported from outside the city
or even from outside of Poland. High §"°C values are character-
istic of C, plants which are typical of warmer climates. The
main C,4 plant cultivated in Poland is maize, but its amount in
agricultural crops is still of negligible importance.

No relatively significant correlation has been observed be-
tween meteorological data (wind roses) and geochemical data

as spatial distribution of SOAP deposition (Table 2) and spatial
distribution of 8"°C (SOAP) (Table 4).

Regardless of the previous considerations, the passive
method of collection of solid organic atmospheric particles dur-
ing the growing period to carry out carbon isotope analyses is
problematic and perhaps not applicable in rainy areas. Conse-
quently, SOAP carbon isotopic analyses should be preferen-
tially collected by means of high-flow analyzers (pumps) with
quartz filters, particularly during summer.

CONCLUSIONS

1. The passive method for the collection of solid organic at-
mospheric particles for carbon isotope analyses is not applica-
ble in rainy areas during the growing period.

2. The use the active sampling methods (hi-volume sam-
pler) for the collection of SOAP for carbon isotope analyses
should always be preferred.

3. During the winter (heating period) the deposition of
SOAP and its §"°C (SOAP) values indicate the fossil fuel-burn-
ing origin of SOAP in Wroclaw.

4. During the summer (growing period) the deposition of
SOAP and its §°C (SOAP) values may not be representative of
pristine SOAP or indicate the C4 SOAP origin from outside the
city or from outside Poland.

5. Meteorological data do not indicate unequivocal direc-
tions of transport of air atmospheric pollutants in the agglomer-
ation of Wroclaw.
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