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ABSTRACT

DETERMINATION OF DRY DEPOSITION FLUXES OF TRACE ELEMENTS IN
AN URBAN ATMOSPHERE

ONAL, Giilay
M.S., Department of Chemistry
Supervisor: Prof. Dr. Semra G. TUNCEL

September 2004, 102 Pages

In this work, dry deposition of metals is investigated in an urban area; city
of Ankara using snow as a surrogate surface. Two sampling campaigns were
conducted to determine dry deposited amount of 13 species namely; H*, Na, K, Al,
Mg, Fe, V, Cd, Cr, Cu, Pb, Zn, Ni. First sampling was performed after a major
snow fall in Ankara in January 2001, from 4 points according to a predetermined
sampling procedure in order to assess background composition of snow. After 12
days, snow samples were collected from 54 points. All samples are filtered,
digested and divided into two aliquots in order to investigate soluble and insoluble
fractions separately. Temporal changes of snow showed that snow is a good
surrogate surface for dry deposition of metals and provide multifunctional
informative data. Pollution maps of the city are drawn using Mapinfo software to
investigate spatial pollution distributions. Factor analysis are applied and five main
factors for these elements are found, indicating three main sources as traffic, soil
and combustion. Enrichment factor calculations showed that Ni, Ca, Pb, Zn, Ni, Cu
and Cd are highly enriched pointing out the anthropogenic sources affecting the
city atmosphere drastically.

Keywords: Trace metals, snow, urban atmosphere, dry deposition, deposition flux.



Oz

SEHIR ATMOSFERINDE ESER ELEMENTLERIN KURU GOKELME AKILARININ
BELIRLENMESI

ONAL, Giilay
Yiksek Lisans, Kimya Bolim
Tez Yoneticisi: Prof. Dr. Semra G. TUNCEL

Eylul 2004, 102 Sayfa

Bu calisma kapsaminda, sehir atmosferinde bulunan metallerin kuru
¢c6kelmeleri Ankara sehrinde alici ylzey olarak kar kullaniimak suretiyle
incelenmistir. iki 6rnekleme planlanarak kuru ¢okelme yoluyla biriken 13 elementin;
(H", Na, K, Al, Mg, Fe, V, Cd, Cr, Cu, Pb, Zn, Ni) miktarlari belirlenmeye
gahsiimigtir. Bunun igin yapilan ilk érneklemede 2001 yilinin Ocak ayinda agir bir
kar yagisindan sonra 4 noktadan dnceden belirlenmis 6rnekleme prosedirine
gbre drnek alinmak suretiyle kar iceriginin zemin degeri belirlenmistir. On iki giin
sonra yapilan ikinci érneklemede ise 54 noktadan érnek toplanmistir. Tim érnekler
filtre edilmis ve 6zltlenerek ¢dzinlr ve ¢ézinmez kisimlarin ayri ayri incelenmesi
amaciyla iki bélime ayrilmistir. Kardaki zamana bagl degisiklikler, karin kuru
¢bkelme analizleri icin uygun bir ylizey oldugunu ve ¢ok ydnli bilgi saglayabildigini
gostermistir. Bélgesel kirlilik dagihmlarinin incelenebilmesi amaciyla sehrin kirlilik
haritalari Mapinfo programi yardimiyla gizilmistir. Fakt6ér analizi uygulanarak bu
elementler icin basta trafik, toprak ve yanma olmak Uzere toplam bes kaynak
belirlenmistir. Zenginlestirme faktéri hesaplamalari ise sehir atmosferini biyik
oranda etkileyen insan faaliyetlerini iceren kaynaklari isaret ederek Ni, Ca, Pb, Zn,
Ni, Cu ve Cd elementlerinin yliksek oranda zenginlestigini géstermistir.

Anahtar Kelimeler: Eser elemenler, kar, sehir atmosferi, kuru ¢ékelme, ¢békelme
akisi
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CHAPTER 1

INTRODUCTION

1.1. Urban Air Quality

Since chemical pollution largely results from human activities, it tends to be a
serious problem especially in cities. Large populations often concentrated in or
close to industrial areas, and the ubiquitous motor car makes matters worse by
discharging its poisonous exhaust fumes into city air. Effects of chemical pollution
on people who live in large modern cities can be divided into several categories.
First, there are effects on amenities like blackening of buildings, corrosion of metal
and erosion of masonry by airborne acids derived from sulphur dioxide, unpleasant
odour from traffic fumes and factories (Bryce-Smith,1976).

Besides social effects, urban air pollution has a series of impacts on
materials, vegetation (including urban agriculture) and visibility. These impacts
depend on the relevant levels, but also on other factors, like temperature and
humidity and the possibility of interaction between different components. The main
concern is its impact on human health and well-being, although the health of urban
populations is determined by many factors (Fenger,1999). Since human health is
the main concern in the regulation of urban air quality and it is therefore an
important question to which extent people are actually exposed to the measured or

calculated pollution levels.



Sulphur dioxide, nitrogen dioxide, carbon monoxide, particles, lead and the
secondary pollutant ozone can be classified as the traditional Major Air Pollutants.
Among these many pollutants of potential significance to health, most attention has
focused on particulate matter (PM). This is both the most prevalent air pollutant
and one of the most complex in health terms. It is not a well-defined entity like
carbon monoxide. Originally it was determined as soot or black smoke but later the
concept of total suspended particulate matter (TSP) was introduced, but since
1990 size fractionating has been attempted by measurements of PM10 (particles
with diameter less than 10 um) (Fenger, 1999).

Usually these particles are grouped in the three modes: ultra fine, fine and
coarse. The ultra fine particles are chemically formed or condensed from hot
vapour e.g. from diesel exhaust and coagulate into fine particles. Defined as
having an aerodynamic diameter less than 2.5 um (UNEP/WHO, 1994), ultrafine
and fine particles, predominantly of anthropogenic origin are deposited with high
probability in the lower parts of the human respiratory system and thus have the
largest impact on health. Coarse particles, on the other hand, are often of natural
origin (dust, sea spray, pollen or even insects). Their health impacts are modest,
both because they are deposited in the upper airways, and because they may be
less toxic. The size distribution of particles containing these metals in the
atmosphere has been characterized as being trimodal. In the idealised diagram in
Figure 1.1, three peaks are seen representing the three modes; the main source of
mass for each mode, and the principle processes involved in adding and removing
mass for each mode. Two of the peaks characterise the fine particle fraction (<
2um). The third characterises the coarse fraction (>2um). The fine particle fraction
consists of a nucleus (Aitken nuclei mode) which considered to be primary particle
and accumulation particles are mostly composed of secondary aerosols (produced
by gas-to-particle conversion), like sulfate, nitrate, organic compounds, and of

metals (like lead, iron, copper, nickel...) and elemental carbon.

A further complication is that the chemical composition of particles is not
well known, and that the health impacts may be due to other pollutants adsorbed
on them typically heavy metals or less volatile organic compounds. Since heavy
metals present high toxicity and high lability in atmospheric fallout (Golomb et al.,
1997), their monitoring is important both in urban and rural areas.
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1.2. Metals in the Atmosphere

The earth’s crust is the primary source of all the natural trace elements from
various environmental, geological, biological and marine systems and all trace
elements occur to a varying extent within all components of the environment. The
pollution of the environment refers to an increase of a trace element relative to the
natural occurrence of the element. This increase may relate to natural events, but
in general is associated with human activities which is highest in urban areas. In
urban areas particulate aerosols are about evenly divided between fine and coarse
particles. Under calm atmospheric conditions, the fine particle mass begins to
exceed the mass of coarse particles with increasing down width distance from
urban areas. Because of their low settling velocities, fine particles may be
transported 1000 km or more from their source region. Major and minor elemental
composition of particles is used as a tracer to determine sources of particles in
ambient aerosols. Trace elements which sources are well documented would be
the ideal tracers because they are considered being conservatives and can give an
idea about the original emission sources (Lubbad, 2002).

Figure 1.2. shows a general schematic of the movement of trace elements
within the environment. One of the major ever-increasing problem is the influence
of chemical pollution, especially heavy metal contaminants, upon complex
interactions of the biosphere that can be seen in Figure 1.2. That is why it is
important to identify the sources of elemental contamination and effect of

environmental pollution (Fifield and Haines, 2000).
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1.3. Sources of Pollution in Urban Areas

Combustion is the dominant cause of urban air pollution; the various
sources emit to a large extent the same pollutants only in varying proportions.
Table 1.1. shows main emission sources and pollutants in air pollution in
commercial non-industrial cities. The table indicates the relative importance of
urban sources for the main urban pollutants and the typical relative importance of
source categories for emission of the main pollutants. Distribution of these
pollutants vary, with respect to level of industrialisation and population; for example
in Eastern Europe SO, from space heating play a relatively more important role
compared to Western and Southern Europe, and in Southern Europe the
contribution of SO, from traffic is relatively high due to the use of diesel oil with
high sulphur content (Fenger,1990).

Incineration of urban waste water treatment sludge and of urban waste are
also identified as major atmospheric sources for urban pollutants (Sweet and
Vermette, 1993; Sullivan and Woods, 2000).



Table 1.1. Main emission sources and pollutants in air pollution in commercial non-
industrial cities (x: 5-25%; xx: 25-50%; xxx: More than 50%) (Fenger,1990).

Pollutant

Source Category

) Heavy
SO, NO, CO TSP Organic Pb
Metals*
Power Generation
XX X X X/XX
(Fossil Fuel)
-coal XX X XX XX XX/X X/XX
Space .
. -oil XX X
Heating
-wood XX XX/X
-gasoline XX XXX XX XXX
Traffic
-diesel X XX XX XX
Solvents X
Industry X X X X X XX/XXX

e With the exception of lead (Pb).

Figure 1.3. shows aerosols distribution for marine, urban and rural
environments. Aerosol size distributions describe the number of particles as a
function of their radius. Highest number of particles is found in cities (blue line) and
most of these particles are very small, less than 0.05 um in radius. Generally, the
size distribution of urban aerosols is variable. High humbers of small particles are
found close to sources, but their concentration decreases rapidly with distance

from these sources (http://www.atmosphere.mpg.de).
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1.4. Pollutant Removal Mechanisms

Metal transfer through the atmosphere is a significant part of the
biogeochemical cycle of these elements. Both natural and anthropogenic

processes increase metal concentrations in the atmosphere.

Metallic pollutants may be transported over long distances by very small
particles and are delivered to any surface by a combination of dry’ i.e., not
involving an aqueous deposition phase and ‘wet precipitation scavenging
depositional modes. The magnitude of deposition fluxes of trace metals is initially
dependent on their concentrations in the parent aerosol from which they are
derived (Chester et al.1999).

The two deposition modes of pollutants are geochemically different. Dry
deposition of particles occurs by direct impact and gravitational settling on land or
water surfaces. In wet deposition, aerosols and gases are dissolved or suspended
in water droplets or ice crystals. Besides such long-range transport processes,
significant dry and wet depositions also occur locally, and atmospheric sources in
urban area may play an important role in the metal contamination of dry and wet

depositions (Azimi et.al., 2002).



1.4.1. Wet Deposition

Wet deposition is the fraction of atmospheric deposition contained in
precipitation, predominantly rain and snow. It is known as the major sink for gases
and particles. It also plays an important role in controlling the concentration of
these species. Determination of composition of the wet precipitation helps to
understand the different sources for gases and particulate matter (Tuncel and
Ungor, 1995).

In the clouds, a fraction of aerosols serves as cloud condensation nuclei on
which water condenses, to form cloud droplets. When the cloud is raining, these
particles inside the droplets are removed. This mechanism by which small particles
in the clouds are removed by the formation of raindrops is called rain out.
Moreover, the droplets in the cloud can “catch” the other particles in the
surrounding air, and these collected particles are further eliminated with the falling
rain which is called wash out. This is a different mechanism than rain out as it

occurs below cloud level.
1.4.2. Dry Deposition

The removal of gases from the atmosphere by dry deposition to a surface
is one of the main processes by which the atmosphere is cleansed of pollutants.
Dry deposition (transfer to the surface in the absence of precipitation) of particles is
determined by meteorological conditions, atmospheric concentrations, surface
type/condition and the specific chemical and physical properties of the particle. Dry
deposition can be conceptualised as a three-step process:

1. Gas or particle is moved toward the surface by thermally or

mechanically driven eddies;

2. It is transferred by diffusion across a thin layer close to the surface
where turbulence is absent;

3.  Gas or particle is captured by the surface.

In the case of larger particles a second parallel pathway exists; particles
are drawn towards the surface by gravity. Atmospheric particles determine dry
deposition fluxes by serving as a conductor for transfer and also because of their
action as sources or sinks of trace gases (Pryor and Barthelmie, 2000).



Most studies have been devoted to measuring and modelling dry
deposition of the common air pollutants to vegetation and soil. However there is

little work devoted to dry deposition to snow.

The simplest way of dry deposition is the particle falling under gravity,
called sedimentation. This process mostly involves the heaviest ones. That's why
the biggest particles are usually found near their source. In a dry, still atmosphere
the upper limit of aerosol sizes is determined by sedimentation. As transport by
sedimentation is highly dependent on gravity, this transport process is negligible
for gases and fine particles, but is significant for particles in the coarse mode.
During settling, the downward gravitational force exceeds the drag force. Additional
processes which are of importance to the dry deposition of particles include
interception and inertial forces which may transport the more massive particles
across the viscous sub-layer, which typically has a depth of a few to tens of
microns and so larger particles may collide with the surface as they are transported
in the flow above the viscous sub-layer. Equally a massive particle may deviate
from streamlines due to inertial forces and hence impact the surface. Other
processes, which may enhance particle deposition include migration due to surface
electrical charge and thermophoresis caused by temperature gradients. Of these
effects, the latter is caused by a gradient of gas concentrations and may be
particularly important over water surfaces. Evaporation from a water surface
causes a water vapour concentration gradient away from the surface, which must
result in a downward motion of air molecules to replace the upward moving water
vapour molecules. A particle above the surface is thus affected by collisions with
upward motion of water vapour molecules and downward moving air molecules. As
air molecules are more massive than water vapour molecules this will result in

downward motion of the particles (Seinfeld and Pandis, 1998).

Dry deposition is however strongly related to the atmospheric movements,
like wind, that can carry particles long distances away from their sources. The ‘dry’
mode is a continuous process in which the fall-out of metals is strongly constrained
by particle size, and aerosols are delivered directly to the surface. In contrast, the
‘wet’ deposition mode is a sporadic, rain event-specific, process which is
considerably less dependent on the particle size of the scavenged aerosol,
although larger and smaller particles can be removed sequentially during a single
rain event. In the wet deposition mode trace metal solubility is initially constrained

10



by particle/rainwater reactivity, and because pH values in some rainwater can be
as low as 2.5, some trace metals have been taken into solution prior to reaching
the surface. Considerable data are available on wet deposition from the analysis of
rainwaters (Chester et al, 1999).

In atmospheric deposition measurements the major source of uncertainty is
not the concentration measurement, but in the method of collecting deposition
samples (Golomb et al.,1997). For wet deposition, there may be some loss of the
fine rain drops (or light snow flakes), especially under wind conditions. Dry
deposition measurement is notoriously difficult to collect and hard to estimate
owing to the spatial and temporal variability. Dry deposition data has been
collected using number of methods using cascade impactors, surrogate surfaces
(Guerzoni et al.,, 1999). Dry deposition of gases is a function of meteorological
conditions, atmospheric concentrations, surface type (and condition) and species-
specific chemical properties. Dry deposition of particles is additionally related to
particle size (due to diffusion, impaction/interception and settling effects), which
may change in response to hygroscopic growth close to the surface (Slinn and
Slinn, 1980).

Dry deposition fluxes are most commonly measured using the following
micrometeorological techniques;

- Gradient techniques use samples taken at multiple heights to derive
a gradient a few meters above the surface. In this technique the flux
is given depending on the measured vertical concentration gradient
and the transfer coefficient (or eddy diffusivity) of the contaminant of

interest.

- Eddy correlation/covariance techniques are based on simultaneous
measurement of vertical wind velocity and concentration of the
chemical of interest. From the covariance of the velocity and
concentration, the flux can be determined.

- Eddy accumulation techniques use conditional sampling based on
the sign of the vertical velocity. A fast response sensor and
sophisticated electronics are configured such that air is differentially
sampled based on the flow direction.

11



Each of the techniques outlined above is dependent on the constant flux
layer assumption (i.e., that the measurement or determined flux at a given height
above the surface is equal to the flux at the surface). However, this assumption
may not be applicable due to advection (due to horizontal concentration gradients)
or storage effects (due to changes in the concentration within the air column),
which are approximately proportional to the measurement height, and chemical
reactions between the measurement height and the ground.

All methods have major uncertainties that are difficult to quantify. When
using cascade impactors, bucket and funnel walls present a significant
aerodynamic interference to particle (and gaseous molecule) deposition. Particles,
especially in the sub-micron to micron size range, are subject to Brownian, wind
and turbulent eddy motion, and may be blown over and around the bucket or
funnel walls rather than deposited into it. Once inside the funnel or bucket, the
particles may adhere to the walls or deposit in the bottom of the collector (Azimi et
al., 2002).

Atmosphere-surface fluxes may also be determined using surface analysis
methods. These techniques rely on accumulating material over time on natural or
surrogate surfaces (e.g., artificial collectors such as petri dishes) (Zufall et al.,
1998). The surface is exposed for a known period of time and the flux determined
from the available surface area and the accumulated mass. The major
uncertainties in this type of analysis result from differences in deposition as a result
of the characteristics of the surface and the stability of the deposited material. The
former arises from the problems focused on the role of the physical, chemical and
biological nature of the surface in determining the flux; the depth of the viscous
sub-layer, existence of roughness elements on which impaction might be
important, the uptake efficiency (efficiency with which the particles are incorporated
by the surface) and so forth. The latter refers to the likelihood of particle bounce or
volatilisation from the surface due to changing sampling conditions (Pryor and
Barthelmie,2000).

In surrogate surface studies an artificial surface, such as a layer of ultra
pure water in a bucket (Azimi et al, 2002) or polyethylene surrogate plates
(Chester et al, 1999) is usually used that simulates the natural surface onto which
dry deposition is occurring. Difficulties involved especially in relating plate-collected
dry deposition to that deposited at the natural surfaces, because surrogate plates
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cannot mimic all the characteristics. At this point using a natural surface like snow
as a surrogate surface emerges since snow pack analysis has already been widely
used to asses wet deposition.

Comparison of two surrogate dry deposition sampling methods with
different collecting surrogate surfaces shows that the collecting efficiency of
atmospheric pollutants is higher for the aqueous surfaces than for the solid ones
(Morselli et al., 1999).

1.5. Snowpack Analysis

In areas with a cold climate, a large amount of the precipitation falls as
snow. Therefore much research has been undertaken on the mechanical, physical,
and chemical aspects of snow (Viklander, 1998).

In urban areas, snowpack contamination is correlated with proximity to
large industries and major roadways and accumulation and concentration of

pollutants as the snowpack or snowbank ages.

Transportation activities can be a significant source of pollutant generation
and transport during rainfall runoff events in the urban environment. The unique
nature of urban highway snowbanks makes urban snow a significant sink for both
heavy metals and particulate generated by traffic and winter maintenance
activities. These heavy metals can be predominantly associated with the
particulate matter suspended and trapped within the snowbank; Heavy metals,
organic and inorganic compounds, and particulate and solids generated by
vehicular traffic result from abrasion of vehicle components, particularly tires, fuel
leakage and residues, fluid leakage (oil, grease, and radiator coolant, catalytic
converter emissions) and pavement degradation (Donald and Sansalone, 2002).

As atmospheric pollutants are scavenged from the atmosphere by rain and
snow, below-cloud scavenging of aerosol particles by snow crystals is considered
to be different from scavenging by raindrops because of the physical differences of
the hydrometeors. Snow crystals are not only characterised by their size but also
with their shape (Tschiersch,d., 2001). Since snowflakes have a larger surface
area and lower velocity than raindrops, they more efficiently collect and retain
particulate from the atmosphere. Snow is also capable of scavenging particle-
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bound, mutagenic organic pollutants from the atmosphere in an urban environment
(White et al., 1995).

As ground snowcover accumulates dry deposited pollutants that are
otherwise frequently washed off during rain events and thaw, snowmelt runoff
contains elevated levels of solids and pollutants transported from urban surfaces,
i.e., nutrients, Pb, and Cl, as well as atmospheric fallout, vehicular emissions,
products of roadway deterioration, urban litter, antiskid grit, and chemical deicers.
Heavy metal pollutants from vehicles originate specifically from tetraethyl lead in
gasoline (Pb), diesel oil (Cd), tire attrition (Zn and Cd), steel parts attrition (Ni, Cr,
V, W, Mo, Fe, Mn, and Al), wear of bearings and bushings (Cu), wire corrosion,
brake lining attrition (Pb, Cu and Zn), radiator fluid (Cu), and catalytic converter
emissions (Pt, Pd and Rh) (Donald and Sansalone, 2002).

1.6. Urban Snow and Water Quality

As the water in the air is a system in continuous movement, about 500.000
km? travels every year through the air, evaporate, condense and fall down as rain
or snow. A global water cycle scheme can be seen in Figure 1.4, highlighting that
no pollutant in any structure stays as it is (http://www.atmosphere.mpg.de). High
heavy metal concentrations in runoff from transportation activies and the
persistence of heavy metals affect receiving waters, aquatic life, and ultimately the
food chain. Also de-icing salts applied to roads as well as chemical additives used
to prevent the caking of such salt stocks may be carried by surface runoff into
streams and waterways. They may also infiltrate the soil bordering the highway, be
carried to groundwater, remain in the soil solution, or become adsorbed by the

soils (Donald and Sansalone, 2002).

14



BOUNDARY LAYER
(AND EXCHANGE
WITH FREE ATMOSPHERE)

o

e

i E’F
.
4

 RIVER DISCHARGE

Figure 1.4. The global water cycle (http://www.atmosphere.mpg.de).
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1.7.Statistical Evaluation of Data
1.7.1. Enrichment Factor

The degree to which a trace metal in an aerosol is enriched, or depleted,
relative to a specific source can be assessed to a first approximation using an
enrichment factor EF. Enrichment factor is a simple statistical approach, which is
calculated using double normalisation of the variable. It has been the practice to
categorise trace metals in the marine aerosol on the basis of their crustal EFs,
calculated according to an equation of the type;

EF crust= (C xp/CAIp) / (Cxo/Calc) ;

where C «, and Caj, are the concentrations of a trace metal x and Al, respectively,
in the aerosol, and C,. and Cac are their concentrations in average crustal
material. Al is used as a normalising element attributed to a known and single
source. In atmospheric aerosol samples Al, Sc, Fe, or Ca are usually chosen, their
source is wind blown crustal material or dust, and concentrations do not vary
greatly with geographic location. The normalization eliminates any sample-to-

sample variation in crustal material loading.

By convention, an arbitrary average EF value of <10 is taken as an
indication that a crust trace metal in an aerosol has a significant crustal source,
and these are termed the non-enriched elements (NEEs). In contrast, an EF value
of >10 crust is considered to indicate that a significant proportion of an element
has a non-crustal source, and these are referred to the anomalously enriched
elements (AEEs); however, when sufficient crustal material is present in the air the
AEEs can switch character and behave as NEEs. This is an essentially crude
classification, but is useful in interpreting aerosol chemistry (Chester et al,1999).

1.7.2. Factor Analysis

Factor analysis is a technique useful for reducing information in a large
number of variables into a smaller set, while losing only a small amount of
information. Variables in a factor analysis represent a linear function of a small
number of common-factor variables and a single specific variable. The common
factors create covariance among the responses, while the specific variable adds

only to the variances of specific responses.
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The general purposes for factor analysis are to:

1. identify a set of dimensions you cannot easily observe in a large set of

variables,

2. devise a means for combining or condensing large numbers of

observations into distinctly different groups within a larger population,

3. create an entirely new set of a smaller number of variables to partially
or to completely replace the original set of variables you can then use

in regression, correlation, cluster, or discriminant analysis.

When applied to atmospheric studies, basic idea of factor analysis based
receptor modelling is the unrevealing of atmospheric concentrations into, on one
side source fingerprints, also called source profiles (i.e. the concentration of a
number of elements or species in the emitted source material as it is detected at
the receptor source fingerprint are multiplied as they are summed to obtain the
observed airborne elemental concentrations). The observed atmospheric
concentrations (c;) are considered to be a linear combination of the contributions

from p sources, i.e.;

p
Ci= > fiajxXi
k=1
where c; represents the concentration (in ngm®) of elements j (j=1,....m) in
sample i (i=1,....n), f i the strength of the source k for sample i, a i the
concentration of element j in particles emitted by source k, and xj the source
fractionation coefficient, indicating loss or gain of species between time of emission

and time of sampling.

Various studies have empirically demonstrated that a factor analysis with
VARIMAX rotation provides dependable results for urban airsheds (Van Borm et
al., 1990).

Factor analysis for environmental data normally use only chemical
composition data of samples, and solve both the number and chemical
characteristic of sources and their contribution to the measured concentrations
(Hosiokangas et al., 1999). However, methods require dozens of samples,

because source apportionment is based on statistical methods. Although some
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scientists claim that this number should be 100 or more to obtain reliable results
(Henry et al, 1984), experience show that this number should be at least 30,

preferably 60.

In addition to that, FA is based on traditional statistical methods, and it is
simple to use with common statistical software packages. All statistical analyses
were done using Statigraphics Plus 3.1 software in this study.

1.8. Survey

1.8.1. Studies on Ankara Air Pollution

Ankara has been one of the most polluted cities in Turkey and there are
several studies carried out in the city. Change in the concentrations of
anthropogenic elements in Ankara atmosphere is consistent with the history of
regulatory actions taken to reduce air pollution. Moreover, an unexpected decrease
in the concentrations of crustal elements between 1975 and 1993 is related to
reduction in exposed earth surface due to rapid urban developments (Yatin et al.,
2000).

Kaya and Tuncel (1997), studied wet and dry deposition samples collected
in Ankara over a two year period which were analysed for major ions and trace
elements. Concentrations of ions and elements in Ankara precipitation were
comparable with concentrations reported in literature for other urban areas.
Episodic rain events with fairly low pH's were observed. Dry deposition fluxes of
major ions were higher than wet deposition fluxes, suggesting that major removal
pathway of these species to be dry deposition. Crustal elements and ions had
higher concentrations during summer season, while anthropogenic ions and
elements did not show well-defined seasonal cycles. The lack of industrial activity
in Ankara has profound influence on the temporal behaviour of elements and ions
in their study.

Moreover the seasonal variations in the concentrations of elements and
ions were determined by Yatin et al.(2000) in fine and coarse aerosol samples
collected using a stack filter unit (SFU) and analysed for approximately 40 trace
elements and major ions. Fossil fuel combustion was found to be the main source
of anthropogenic elements in aerosols, including the ones with well-known
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industrial sources variations in source strengths whereas short-term variations
were governed by local meteorology. Concentrations of all pollution-derived
elements decreased from February towards July, similar to the variation in fossil
fuel consumption in the city. Although such a trend is expected for elements such
as, As, Se which are known to be emitted from fossil fuel combustion, similar
trends were also observed for elements such as Zn, Cr, and Sb for which the main
sources are known to be industrial emissions. Since Ankara lacks industrial
emissions, main source of these elements, which are known to be emitted from
industrial activities, was found to be fossil fuel combustion in the Ankara
atmosphere (Yatin et al.,2000).

1.8.2. Studies on Urban Air Pollution Monitoring

Atmospheric particulate matter has been widely assessed in cities such as
Buenos Aires (Bogoa et al., 2003) and Huelva, Spain (Querola et al., 2002).

The concentrations of atmospheric particles of diameter < 10 or 2.5 ym
(PM10 and PM2.5, respectively) were measured in Buenos Aires and the values of
PM 2.5 concentrations correlated well with the concentrations of carbon monoxide
(CO) during the winter period, indicating that direct traffic emissions had an
important contribution to PM2.5. The data are less correlated for the case of PM10,
indicating that the sources of the coarse fraction are not only traffic emissions, with
an important contribution of other sources, for example re-suspended material.

In Spain, a highly industrialised area was chosen and in addition to the
crustal and marine components, source apportionment analysis revealed three
additional emission sources influencing the levels and composition of total
suspended particles: (a) a petrochemical source, (b) a mixed metallurgical
phosphate source, (c) and an unknown source (Sb and NOg).

Snowpack analysis applied to Sivas city by Elik (2001) and snow samples
from six sites located in city were collected and analysed for heavy metals (Mn, Zn,
Pb, Cu, Ni and Cd) by atomic absorption spectrometry (AAS) in order to see
whether results could be used as an effective indicator of urban atmosphere
pollution. High concentrations of heavy metals were detected in snow samples
collected in close proximity to emission sources such as motor-vehicle emissions,

combustion of coal and fuel-oil, industrial area. The heavy metal levels in urban
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snow were several times higher than the background levels. They found the
measurement of heavy metal concentrations in snow, which is important in
monitoring environmental pollution, to be a simple reproducible and effective
method for assessing atmospheric pollution in urban areas.

1.8.3. Studies on Dry & Wet Deposition

Considerable data is available on wet deposition from analysis of
rainwaters, but dry deposition data is limited in the literature. Atmospheric dry
deposition involves the transport and removal of gases and aerosols from the
atmosphere onto surfaces in the absence of precipitation. In spite of the fact that
dry deposition is an important mechanism in controlling the fate of airborne
material, many uncertainties exist in methods used to measure and calculate dry

deposition.

Analyses of dry fall-out collected on plastic plates have been reported by
Arimoto et al. (1987) for remote sites in the North Pacific, and Dulac et al. (1989)
provided dry deposition data for Corsica in the Western Mediterranean. All these
authors highlighted the difficulties involved in relating plate-collected dry
deposition. For example, the manner in which dry deposition impinges onto the
‘sticky’ sea surface depends on a variety of factors, such as wind speed and
humidity, which are not reproduced by the surrogate plate. As a result, there are
considerable difficulties in assessing the magnitude of trace metal dry deposition

fluxes from data obtained from surrogate plate collections (Chester et al. 1999).

In Cap-Ferrat, Chester et al. (1999) collected dry deposition samples using
a slightly conical surrogate plate made from polyethylene. With respect to both
atmospheric aerosols and rainwaters, the Mediterranean Sea is of special
importance because it is bordered on its Northern shore by industrialised regions,
acting as a continuous source of anthropogenic, or urban-rich, ‘background’
material to the atmosphere, and on its southern and eastern shores by arid and
desert regions, acting as sources of crustal material which is transported largely in
the form of non-continuous dust ‘pulses’ (Chester et al,1997). The dry deposition
was dominated by the fall-out of larger-size particles and comparison between the
dry and wet trace metal deposition fluxes at the Cap Ferrat site showed that the
particulate fraction dominates the dry deposition of all the metals.
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In Izmir, Turkey, dry deposition samples were collected using a smooth
surrogate surface and concurrently ambient aerosol samples were collected. All
samples were analysed for anthropogenic and crustal trace elements. The average
trace element concentrations and fluxes measured in this study were generally
higher than those reported previously for urban and rural areas. The contribution of
local terrestrial and anthropogenic sources was also investigated using enrichment
factors (EFs) calculated relative to the local soil. Relatively lower EFs for ambient
samples and high ambient concentrations indicated that the local soil was polluted
and contributed significantly to ambient trace element concentrations. Deposition
samples had higher EFs than the air samples (Odabasi et al., 2002).

1.9. Aim of the Study

Snowpack analysis are widely used for pollution levels assessment, but in
this study we firstly aim to use snow as a surrogate surface and,

i. optimize methods to determine trace metal concentrations in the

samples,

i. determine dry deposition fluxes of trace elements in Ankara
atmosphere,

ii. assess the spatial variations of metal concentrations,
iv. assess the temporal variations of metal concentrations,

V. determine sources of metals contributing to Ankara air pollution
depending on the data.
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CHAPTER 2

MATERIAL AND METHODS

2.1. Sampling

2.1.1. Sampling Site

Samples were collected in a typical urban site in January, 2002 in the city
of Ankara. Although there are no major industrial sources and use of natural gas is
getting widespread, Ankara is still threatened by pollution because of the high
population of 4.5 million, use of poor quality coal and motor vehicle emissions.
There are two minor industrial sources in the city; OSTIM and cement factory on
the north.

Sampling area was divided into 2x2 km grids and the points are chosen on
the map previously representing the whole parts of the city as much as possible
and avoiding major roads to prevent the massing effect of traffic for some metals.
The sampling points are shown in Figure 2.1.
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Figure 2.1. Sampling points in Ankara.

2.1.2. Collection of Samples

Two sampling campaigns conducted in order to determine a deposition
period. Since snow is used as a surrogate surface for dry deposition of trace
metals, fresh snow samples are collected from 4 reference points right after a
major snow event to determine background values for snow before any
accumulation occurs. This four reference points are represented by stars in Figure
2.1. After 12 days of interval without any precipitation, second campaign conducted
from all 58 grids on the same day by five sampling teams following the same
sampling procedure previously determined.

Each sampling team was equipped with;

- the same sampling materials like; polyethylene shovels and gloves,
deionized water, identity tags for samples,
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- a sampling apparatus designed in our laboratory for this purpose
shown in Figure 2.2. ,

- high density polyethylene bottles washed with pure nitric acid and
deionised water.

Figure 2.2. Sampling apparatus.

Snow pits were excavated at each collection point using stainless steel
sampling apparatus, taking care not to disturb surface snow on the face of the
profile to be sampled. Each snow sample was collected in a 1000 mL capacity
polyethylene bottle. Polyethylene bottles were chosen for their low cation content
and apparent absence of any leaching or carry over ‘ghost’ effects on the snow
sample chemistry for trace metal analysis.

Sampling was restricted to the upper layer of the snowpack with a
thickness of 3 cm as a precaution against contamination from underlying surface
soil. Samples kept frozen prior to the analysis to prevent mobilization of some trace
metals associated with the particulate material. All sampling equipment was
previously cleaned by rinsing in nitric acid and de-ionized water.

The pH of the melted snow solution was measured immediately after
melting. Metals will partition between the dissolved and particulate-bound phases
as a function of redox, pH, alkalinity, residence time, the presence of solids, and
mixing generated from the flow (Glenn and Sansalone, 2002). That's why snow
samples were separated into dissolved and particulate-bound constituents by
taking a well-mixed 150 mL aliquot and filtering the aliquot through a 0.20 um acid
digestible cellulose acetate filters (Whatmann) to obtain soluble and insoluble
fractions separately. From the filtrate, 100 mL was preserved with 2.5 mL of nitric
acid (HNO3) and analysed for metals.
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Sample pre-treatment step was carried out in a “clean room”, equipped
with five high efficiency particulate (HEPA) filters to remove particles (particles with

sizes smaller than 0.1 mm) from the indoor air.

The solids retained on the filter were microwave digested in HNOs;+HF
solution to release particulate-bound metals into solution. For both soluble
(dissolved) and insoluble (particulate-bound) fractions, analyses were conducted
for Ni, Pb, Cr, Cu, V, Cd, Zn, Al, K, Ca, Na, Mg, and Fe. The flow diagram for
analysis can be seen in Figure 2.3.

Melted Samples I
~

pH Determination

.

Filtration
I

Filter Paper & Particles Filtrate

- ]

Digestion with Microwave
System Acidification with HNO3
Using HF+HNO3

r !

FAAS & GFAAS FAAS & GFAAS
Analysis Analysis

Figure 2.3. Flow diagram of analytical procedure
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2.2. Sample Pretreatment

2.2.1. Digestion of Filters

The composition of environmental matrices varies from purely inorganic to
purely organic, but generally are an intermediate combination of these extremes.
Total dissolution of samples usually cannot be achieved in one step using a single
reagent but often several steps and several reagents are necessary.

Wet digestion methods are widely used for dissolution of solid samples
where the organic part of the sample is oxidized in the aqueous phase by heating
in the presence of oxidizing agents. The majority of wet digestion methods involve
the use of some combination of five acids (nitric, sulphuric, perchloric, hydrofluoric,
hydrochloric).

Environmental samples collected on membrane filters are usually treated
with mixture of hydrofluoric and nitric acid. Total decomposition of filter samples is
performed in the presence of hydrofluoric acid combined with nitric acid in 1:6 ratio.

Nitric acid, with a boiling point at about 120°C is the widely used primary
oxidant for the destruction of organic matter. It reacts with both aromatic and
aliphatic organic materials, giving rise to oxidation, esterification and nitration
reactions and leading to simple carboxylic acids, which have considerable
importance in the destruction of environmental materials (Hoenig, 2001).

Use of nitric acid in decomposition has two main advantages;

1. Itis commercially available in high degree of purity,
2. It forms water soluble nitrates during mineralization,

3. Resulting matrix is suitable for GFAAS analysis.

Hydrogen fluoride treatment decomposes silicates and liberates associated
elements. Low boiling point (106°C) and high vapor pressure enable HF to be an
easily volatilized acid.
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Another common way of wet digestion procedures is microwave digestion.
During digestion, heating takes place inside the digestion mixture; that is why
microwave digestion is more efficient than conventional means of heating (Hoenig
and Kersabiec, 1996). Microwave digestion system equipped with a closed system
(Milestone Ethos 900 Model) is used for dissolving filter samples seen in Figure
2.4,

Figure 2. 4. Microwave digestion system

Samples were placed inside 6 sample vessels made of Teflon PFA
(perfluoroalkoxy vinylether) seen in Figure 2.5, operating at 2.45 GHz arranged on

a rotating carousel.
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Figure 2.5. Pressure decomposition vessel (CEM,1998).

Digestion program which is optimized by our group (Table 2.1.) was used

in this study.
Step Time (min.) Power (W)
1 6 250
2 6 400
3 6 650
4 6 250
5 5 Ventilation

Table 2.1. Optimised microwave program used for digestion

Hydrofluoric acid is evaporated after each set of digestion by heating at
about 80°C for 2 hours as it has corrosive effects on silicon based substances.
After the evaporation of hydrofluoric acid, the digested filter samples were diluted
to 50 mL with double distilled deionized water then poured into acid washed high-
density polyethylene containers and stored in a refrigerator at 4°C prior to the
analysis.

2.2.2. Reagents and Water

For trace element analysis of environmental samples it is essential that
ultra-pure water is used for the preparation of standards, samples and blanks. A
Barnstead ultra-pure water system is used for deionization of mono-distilled water,
with four cartridges; two for ion removal, one for organic and one for particulate
matter removal. The produced deionized water finally haDs a resistance of 18.3

M1
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All acids used in sample preparation step were MERCK suprapure grade in
order to prevent contamination contribution from the solutions.

2.3. Analysis
2.3.1. Analytical Techniques

All samples are analyzed using Graphite Furnace Atomic Absorption
Spectrometry (GFAAS) and Flame Atomic Absorption Spectrometry (FAAS)

methods. Table 2.2. summarizes the techniques and the elements analyzed using
them.

Table 2.2. Analytical techniques and the measured species.

Measured Elements Analytical Technique

FAAS (Perkin Elmer 1100B
spectrometer)
GFAAS (Perkin EImer 1100B
Ni, Pb, Cr, Cd, V spectrometer coupled with HGA

700 atomization unit)

Cu, Na, K, Mg, Zn, Ca, Al, Fe

Atomic Absorption Spectrometry (AAS) is one of the most commonly used
techniques in the laboratory due to its simplicity of the methods and low cost. The

main components of an atomic absorption spectrometer are shown in Figure 2.6.

Radiation Atomization Wavelength Detection
Source Cell — Selection [

Figure 2.6. Block diagram of a typical atomic absorption spectrometer (Dean,
2003)
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2.3.2. Flame Atomic Absorption Spectrometry (FAAS)

Flame systems for atomic absorption spectrometry give excellent results
for many elements, as it is simple, convenient and useful. It permits rapid analytical
measurement through a very simple sample introduction technique.

A light beam of the correct wavelength to be specific to a particular metal is
directed through a flame. The flame is required to carry out three functions with

regard to the sample:

1. Evaporate the solvent,
2. Atomise the chemical species,
3. Bring about excitation.

Atomisation cell used in flame atomic absorption spectroscopy is seen in
Figure 2.7. The fuel and oxidant gases are mixed prior to entering the burner in an
expansion chamber. Two kinds of flames are usually used in AAS; either the air-
acetylene flame or the nitrous-oxide- acetylene flame. Both are located in a slot
burner positioned in the lightpath of the Hollow Cathode Lamp generating a

characteristic narrow-line emission of the selected metal.

Sample introduction is achieved by using a pneumatic concentric
nebuliser/expansion chamber arrangement represented in Figure 2.7. The
nebuliser seen in Figure 2.8, draw up the sample through the capillary by the
action of the oxidant gas (air) escaping through the exit orifice that exist between
the outside of the capillary tube and inside of the concentric tube (Dean, 2003).
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Figure 2.7. The nebuliser-mixing chamber system used for sample introduction in
flame atomic absorption spectroscopy(Dean, 2003).
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Figure 2.8. Schematic diagram of the pneumatic concentric nebulizer used in
atomic absorption spectroscopy (Dean, 2003)

31



In FAAS sample is continuously aspirated and many measurements can be
taken during the aspiration period. The zone of the flame in which absorption
actually occurs is only a small section of the whole flame. Effective absorption
therefore depends on the fraction of ground state atoms present in the light path at
any particular instant. The residence time of an atom within the light path is
extremely short —typically 10 seconds- and depends on the velocity of the flame
gases. But it has some disadvantages which highlight the need for an alternative

atomization process:

1. The efficiency of nebulizer / spray chamber is low; about% 10. Thus for
every milliliter of solution aspirated, 0.9 mL is wasted and 0.1 mL
reaches the flame as a fine aerosol.

2. Flame gases can also produce distinct absorption and emission bands
which can cause interference and background noise(Varian,1998).

For this reason FAAS is recommended when sample is already in a liquid

form and concentration of the analyte permits a simple analysis by FAAS. The
conditions used for snow sample analysis are shown in Table2.3.

Table 2.3. FAAS conditions

Element Na K Ca Zn Fe Mg Cu Al

Rate  of
28/ 23/ 45/ 104/ 29/ 90/ 82/ 72/
CoHo/Air
8.5 9.2 2.8 9.8 3.0 9.0 7.7*
(mL/min)
A, nm 589.1 766.5 4227 2139 248.2 285.2 327.4 309.2
Spectral
bandpass, 0.2 0.7 0.7 0.7 02 0.7 0.2 0.7
nm

*Acetylene/ Nitrous oxide.
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2.3.3. Graphite Furnace Atomic Absorption Spectrometry (GFAAS)

The generations of atoms by means of an electrically heated graphite
furnace atomizer is a technique which is complementary to flame AAS. Some trace
metal analyses are only possible by means of graphite furnace atomizer due to
obtained lower detection limits and higher sensitivity. Schematic of a graphite
furnace can be seen in Figure 2.9.

Light from | [ 777°° l """
hollow- e

catho Graphité Tube — Monochromator
lamp de—;|7 = —— [ ] and detector

Figure 2.9. Schematic of a graphite furnace (Dean,2003).

The graphite tube is resistively heated by the passage of a high current (at
low voltage) through the tube. Inert gas (normally argon or nitrogen) flows through
the graphite cones from each end that protects both inside and outside of the

prolytic coated graphite tube from rapid oxidation.
With the graphite atomizer;

1. A discrete volume of sample is vaporized and too much solvent

waste is virtually eliminated.

2.  Altough ground state atom population is still subject to interferences,
they are of a different nature to those found in flame atomization but
are amenable to control by proper choice of analytical conditions, and

chemical pretreatment.
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3.  The graphite tube is in effect a confined furnace chamber where
pulse vaporization of the element is achieved by raising the
temperature with a programmed sequence of electrical power.
Consequently, a dense population of ground state atoms is produced
for a longer time interval in contrast to the low atom density and short
residence time of the flame.

Grapihte furnace atomizer applications have some more advantages as;

- Sensitivity is better than FAAS. Typically 100 times more sensitivity is
obtained as compared to flame methods for most elements.

- Less sample amount is needed. Determinations can be carried out
within 5 to 100 pL. Flame methods normally require 5 mL.

- Sample preparation and handling can be minimized as solvent
extraction or preconcentration procedures are avoided because of
the high sensitivity.

The steps of AAS anlayses are as follows;

1. DRYING step during which the solvent is removed from the sample in
the furnace.

2. ASHING step removes organic molecules or inorganic material.
In ATOMIZATION step free atoms are generated within a confined
zone. The absorption signal produced in the atomization stage is a
sharp peak, the height or area of which can be related to the amount of
analyte element present (Varian,1998).

Additional heating cycle may be introduced for cleaning of residual

materials. Various stages of heating (1. drying; 2. ashing; 3. atomization; 4.

cleaning; 5. cooling ) can be seen in Figure 2.10.
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Figure 2.10. A typical time-temperature (T) profile for graphite-furnace atomic
absorption spectroscopy.

Nickel and V analysis were performed with coated tubes, as coated tubes
are chemically unreactive, i.e. formation of stable carbides of some elements like

vanadium is reduced.

With some elements of low volatility like Cr and Ni, memory effects from
the graphite tube were observed. When the concentrations of Cr or Ni is high, they
accumulate gradually in the atomizer causing a gradual rise in the absorbance
over a series of atomization. Problems of memory are overcome by increasing
either the time or the atomization temperature; however, this shortens the lifetime
of the tube. A cleaning step in the temperature program of the instrument for about
6 seconds after the completion of all temperature program steps is added for these
two elements to minimize this problem.

Instrumental settings and the temperature programs for each element are
listed in Tables 2.4. and 2.5. respectively.
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Table 2.4. Parameters used in GFAAS analysis

Element Cd Pb Ni Cr \')
Graphite Un-coated | Un-coated | Pyro-coated [Pyro-coated |Pyro-coated
tube type
A, nm 228.7 283.3 232.0 357.8 318.4
Sample
band pass, 0.7 0.7 0.2 0.7 0.7
nm
Injection 15 10 20 20 20
volume, uL
Lamp
current, mA 3 7 30 16 20

Table 2.5. Temperature program used in GFAAS for the trace element

determination in snow samples

Element Function Step No.

1 2 3 4 5

Furnace temp. °C 90 130 700 | 1600 | 2000
Cd Ramp time, s 5 10 10 0 2
Hold time, s 15 10 25 6 5

Furnace temp. °C 90 130 1600 | 2500 | 2650
Cr Ramp time, s 5 10 15 0 2
Hold time, s 15 20 20 5 8

Furnace temp. °C 90 130 1400 | 2500 | 2650
Ni Ramp time, s 5 10 10 0 2
Hold time, s 15 15 25 5 6

Furnace temp. °C 90 130 750 | 1800 | 2100
Pb Ramp time, s 5 10 10 0 2
Hold time, s 15 15 25 5 8

Furnace temp. °C 90 130 1200 | 2650 | 2650
\' Ramp time, s 5 10 10 0 2
Hold time, s 15 15 25 7 10
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2.3.4. Calibration of Instruments

Calibration requires the establishment of a relationship between signal
response and a known set of standards. By measuring the signals for a series of
standard solutions of known concentrations it is possible to construct a graph
which can be used to determine the concentrations of the element in the unknown
solution by presenting a solution of unknown concentration to the instrument and
interpreting the signal. Usually when working with complex matrices as in
environmental samples, chemical and physical properties of standards does not
match those of the sample, therefore the behaviour of sample and standards is not
identical during analysis. In this case standard additions technique should be used

to minimize the mismatch between samples and standards.

Applying standard addition method, standards must be prepared within the
linear portion of the calibration graph and a reagent blank is used to establish the
baseline. In case of aqueous standards, water is used to establish the baseline.
Plots from aqueous standards and standard addition standards behave differently
from each other for filter and soluble samples. Therefore we used both of these
methods for standard preparation: standard addition method for the filter samples,
aqueous addition for the soluble aliquots.

2.3.5. Data Quality Assurance
2.3.5.1. Blanks

Contaminations, frequently observed, are due to systematic or random
introduction of non-negligible amounts of the analyte during different steps of the
analysis. They result from reagents and materials utilized or from ambient air; they
become the more troublesome as concentrations to be determined are lowered.
Arising from reagents, the contamination values are generally reproducible from
one sample to another (systematic error). Other contamination sources, more
easily avoidable, are random and variable. It is necessary to evaluate the possible
global contamination by several representative blanks and to consider them in the
calculation of results. On the other hand, it is also necessary to clearly distinguish
contaminations due to sampling and sample storage from those associated to
preparation and measurement stages (Hoenig, 2001).
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Two types of blank samples were prepared in this work. These are acid
blanks (laboratory blank) and field blanks. To assess contaminations arising from
the sample pretreatment stage, acid blanks (laboratory blanks) prepared during the
digestion of samples in a vessel contained the same acids with the same ratio but
no sample for each digestion set of samples. Each set is corrected by its own
blank.

Field blanks are prepared from deionized water samples that were placed
in the bottles taken to the sampling area and back to the laboratory. Water
samples are treated in the same way as the samples. Filters digested and filter
blanks are obtained. Percent contribution of field blanks to samples given in Figure
2.11. These results can be used as an uncertainty tool as low % blank
contributions (<10%) could be considered as low possible errors from sampling
and pre-treatment steps.

% BLANK
20,00
r=| O SOLUBLE
10,00 ] mFILTER
0,00+
Ni Na Mg K Cd Fe Ca zn Cu Cr V Pb Al

Figure 2.11. Percent contributions of field blanks to the measurements

Usually % blank contributions for soluble fraction is higher as sample
concentrations are usually lower for this fraction. Although high contributions for
Cu, Ni, Pb is observed indicating some uncertainty owing to blanks, the results are
still acceptable.
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2.3.5.2. Standard Reference Materials

By definition, a certified reference material (CRM) is a substance for which
one or more analysts have certified values, produced by technically valid
procedure, accompanied with a traceable certificate and issued by a certifying
body (Dean, 2003). These reference materials are used for checking the accuracy
of the methods.

Accuracy checks were done using three SRM’s ;
- NIST 1640, Trace Elements in Natural Water
- STM -1, Syanite

- GSP-2, Granodiorite, Silver Plume, Colorado.

NIST 1640 is used directly after shaking, but latter two are in solid state, so
0.2 grams of each had to be digested using the same reagents and digestion
procedure as the filter sample. Calibration curves were prepared by applying
standard addition method. Percentage errors were calculated comparing the
certified values with the found values.

Found and certified concentrations of measured species are shown in
Table 2.6.
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Table 2.6. Comparison of found and certified values for NIST1640 and GSP-2 (ug
kg™)

Found value C\?;tlil];i:d % error
Average + SD
SRM (NIST 1640)
Al 54.4+0.2 52.0+15 4.6
Cr 39.0£ 0.4 38.6 +1.6 1.2
Cu 87.2+0.3 85.2+12 2.3
Mn 123.8+1.1 121.5+1.1 1.9
Na* 29.3+£0.7 29.35 + 0.31 0.1
Ni 27.7+0.3 274 +£0.8 1.3
Pb 28.1+£0.5 27.89+0.14 1.1
\Y, 12.8 £0.2 12.99 £ 0.37 -14
Ca* 7.4+ 0.0 7.045 + 0.089 5.6
Cd 23.6+04 22.7910.96 3.7
K 1021 + 12 994+27 2.7
SRM (GSP-2)
Fe* 2124 +11.9 205.8 +6.6 3.2

* Given in mg kg™

2.3.5.3. Detection Limits
Detection limit is calculated as three times the standard deviation of ten

replicate analyses of the field blank concentrations. Calculated detection limits for

both fractions of the samples are given in Table 2.7.
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Table 2.7. Calculated detection limits (ugL™)

Detection Limits(ugL™)

Element
Soluble Fraction Insoluble Fraction
Ni 2.43 4.84
Na 9.72 14.5
Mg 81.9 1.58
K 11.9 418
Cd 0.10 0.07
Fe 32.2 37.8
Ca 340 234
Zn 11.9 9.21
Cu 0.05 0.01
Cr 1.08 0.79
\ 0.62 1.54
Pb 0.47 0.53

Al 67.0 144
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Data Overview

In this work, snow samples collected from 56 points in the center of Ankara
city on January 2002. The average concentrations of measured 14 species; H,
Na, K, Mg, Ca, Al, Fe, Cu, Zn, Cd, Pb, Cr, Ni and V are summarized in Table 3.1.
The total concentration of a metal is described as the sum of dissolved and
particulate-bound concentrations.

High standard deviations of the samples show that the variability in
concentration of metals is also high. These fluctuations are not unusual, because
environmental data is generally log-normally distributed, due to presence of real
high concentrations that can arise from various factors such as meteorology,
presence of strong sources in certain wind directions, sporadic transport from
strong source regions, etc. Arithmetic mean of the samples is significantly affected
by small number of results that are high in magnitude. Thus, data population in
environmental studies is better characterized by either probability distributions or
geometric mean or median concentrations of species.
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Table 3.1. Average concentrations of measured species in 54 snow samples

Element Soluble Insoluble Total
Ca mgL” 17.9422.0 40.5+63.6 58.4+66.2
Fe mgL” 0.1£0.0 8.245.2 8.345.2
K mgL” 0.2+0.2 0.3+0.1 0.5+0.2
Mg mgL” 0.2+0.1 1.340.9 1.6+0.9
Na mgL™” 0.5+0.3 0.3+0.2 0.8+0.4
Zn mgL” 0.3+0.5 0.3+0.5 0.6+0.8
Al ugL” 1.443.2 453945441 454045443
Cu ugL” 26.9+13.8 86.9+57.2 113.7458.7
Ni ugL” 8.4+21.4 107.1+78.6 115.6+78.0
Cr ugL” 3.549.5 13.8+22.9 17.3+24.4
Pb ugL” 2.6+2.0 20.8+16.6 23.4+18.6
v ugL” 5.1+4.5 10.748.0 15.9+10.5
cd ugL” 0.4+0.7 1.1+1.3 1.5+1.4

Average concentrations of total samples with geometric means are given in
Table 3.2. As seen in Table 3.2., although geometric mean and average
concentrations are respectively different from each other, geometric means and
median values are very close to each other for most elements, which is typical for
log-normally distributed data.
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Table 3.2 Average concentrations (ugL”) of total 54 samples with geometric

means.
Standard

Element Average deviation  Geometric mean Median
\' 15.9 10.5 12.7 13.9
Zn 0.6 0.8 0.5 0.6
Cr 17.3 24.4 1.7 11.1
Cd 1.5 1.4 1.1 1.2
Pb 23.4 18.6 18.8 19.1
Ni 115.6 78.1 87.7 102.3
Cu 113.7 58.7 101.1 112.3
Mg* 1.6 0.9 1.3 1.3
K* 0.5 0.2 0.4 0.5
Fe* 8.3 5.2 6.9 6.7
Al* 4.5 5.4 1.4 3.3
Na* 0.8 0.4 0.7 0.7
Ca* 58.4 66.2 36.6 26.1

* given in mgL™

Kolomogrov-Smirnoff (KS) goodness of the fit was used to differentiate the
elements that show log-normal distributions and the ones for which distribution is
not log-normal. Lead has a highly right-skewed distribution in the data set.
Elements Cd, K, Mg, Zn, Na, Fe, Cu, Cr, Al, Ca have similar distributions with that
of Pb. Distributions of Ni and V on the other hand is more symmetrical indicating
that elements may have different distributions. The frequency distributions of Pb

and Ni are given in Figure 3.1.

In KS statistics a Chi-Square test which divides the range of the variable
into non-overlapping intervals and compares the number of observations in each
class to the number expected based on the fitted distribution is first used, then
Kolmogrov-Smirnoff test computes the maximum distance between the cumulative
distribution of the variable and the cumulative distribution function of the assumed
log-normal distribution. Finally computed maximum distance is compared with the
theoretical value for log-normal distribution. Based on KS tests elements Cd, K,
Mg, Pb, Zn, Na, Fe, Cu, Cr show log-normally distribution with 95 % confidence but
Ni and V show normal distribution as a result of the test as predicted from the

frequency
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Figure 3.1 Frequency distributions of Ni and Pb

3.2. Comparison with Literature Values

As in areas with a cold climate, a large amount of the precipitation falls as
snow, composition of ice, the product of the accumulation and compaction of snow
has been studied over many years. Unfortunately most of the studies have often
been carried out on snow in areas of low or no population and there is little
documentation or understanding of the changes in snow (or ice) composition
laterally over regional scales, or of the dominant controls on its chemical
composition. Several studies give results of snow composition in urban areas (Elik,
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2000; Viklander, 1999; Feng et al., 2000). But it is possible to compare these
results with the data sets obtained for urban areas in order to assess wet
deposition as fresh snow analysis also represent wet deposition of metals. Wet
deposition data available for Ankara (Kaya and Tuncel, 1997), Blylk¢cekmece,
istanbul (Basak and Alagha, 2004), Northern Jordan (Al-Momani, 2003) and
iskenderun Gulf (Ornektekin and Cakmakli, 2003) were obtained from rainwater
analyses. Comparison of average metal concentrations with these studies is given
in Table 3.3. and in Figure 3.2. for visual inspection.

Table 3.3. Comparison of average metal concentrations (ug L™)

This isken-

Sivas, Lulea, Claremont, Northern B.cekmece,
V;Ir%th’ ﬁ?tg;a’b Turckey Sweéden USeA Jorgan ?S:(ng Turhkey
Snow ? 9
\') 0.05 2.22 0.63 4.21
Cr 0.68 3.00 0.22 0.77 5.16
Cd 0.42 9.50 0.03 0.42 1.80
Pb 990 19.10 128 227 1.20 2.57 6.63
Ni 14.6 4.10 54 1.30 2.62 497
Cu 44 6.10 55 255 0.62 3.08 4.26 419
Fe 975 750 100 92 15 484
Al 120 980 382 30 1303
Na 105 530 151 50 4400 113
Ca 5650 2640 189 108 10000
K 18 139 38 11.1 1030 69
Mg 208 240 49 6.52 1310 243
Zn 48 0.0 250 646 9.0 48 0.19 6045
#This work, fresh snow ® Kaya and Tuncel (1997) ¢ Elik (2000)
dViklander (1999) ® Feng et al., 2000 " Al-Momani (2003)
9 Ornektekin and Cakmakli (2003) " Basak and Alagha (2004)

Average concentrations of Al, Cr, Cd, Pb, Mg and Zn in fresh snow are
comparable with literature values. Among these metals Al and Mg are crust
originated whereas others are anthropogenic elements. Similar trends are
observed in Ankara rainwater results (Kaya and Tuncel, 1997) and aerosol studies
(Yatin et al., 2000).

Sodium, K and V have relatively lower concentrations. Although
dominating source of Na and Cl in an urban atmosphere is the sea salt, its

46



influence on the concentrations of these elements in Ankara which is located 400
km from the nearest coast is small as expected. On the contrary V is expected to
have higher concentrations, as its primary source is the oil combustion as a result
of residential heating and Ankara is colder than most cities in the Table 3.3. (Yatin
et al., 2000). However higher rainwater results for Ankara are obtained in between
1992-1994 whereas natural gas use for residential heating became widespread
after mid-1990. That shift in heating from fuel oil to natural gas might be the result
of that decrease in V concentration.

Nickel, Cu, Ca and Fe have higher concentrations than literature values.
Ca and Fe are crustal elements, thus their concentration varies depending on soil
type. They are also high in rainwater analyses showing that their concentration is
high in Ankara atmosphere. Ni concentrations have also been reported to be
higher depending on the soil type (Gullu et al., 1998).
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3.3. Acidity of Snow Samples

Especially in urban areas acidic components such as H.SO, and HNO;
have higher concentrations as they are released from combustion sources in the
form of SO, and NO,_  Topol, (1986) suggested that in general, sites that have the
highest rain acidities have the highest sulfate and nitrate whereas the sites with the
highest snow acidities tend to have high snow nitrate. Scavenging of gaseous nitric
acid by snow is important because HNO; vapor is found to be scavenged
approximately five times faster and five times more efficiently than sulfate or nitrate
particles by snow. In a clean atmosphere, the pH of rainwater is around 5.6, owing
to carbonate buffer as a result of CO, dissolved in rain droplets. Earlier studies
have shown that snow in rural areas had pH-values between 3.6 and 5.6, while
urban areas had values from 6.8 to 9.9 (Viklander, 1999).

Average pH of snow samples collected on the first day of snow event in
thist study was found to be 5.0, whereas after 12 days this average was 5.3
indicating some neutralization in 12-day period. The reason for this neutralization
will be discussed later in the text. Frequency distribution of pH of snow samples is
given in Figure 3.3. Most of the snow samples have pH between 5.1 and 6.1. Only
% 9 of sites has pH<5.0 which can be considered as acidic snow.

pH of the snow changed in 12 days from 5.0 to 5.3. Neutralization of some
of the acidity is observed between two sampling periods. In Turkey neutralization
of rain water with CaCQOj is frequently observed (Kaya and Tuncel, 1997; Tuncel
and Ungor, 1996 ). High average pH of initial snow is probably due to some reason
but in aged snow samples such neutralization mechanism is not expected to be
significant, because soil was covered with snow during 12 days between two
sampling campaigns. Observed neutralization of acidity is due to road dust that
becomes available or neutralization process after salting and vehicular activity as
will be discussed later in the text.

In Ankara the average pH for rain in winter season was found to be 4.5 and
4.1 due to local emissions of acid precursors (Tuncel and Ungor, 1996; Kaya and
Tuncel, 1997). Although both fresh snow and rain samples represent wet
deposition, rain samples are more acidic than snow samples for Ankara when
compared with these studies. Since snowflakes have a larger surface area and
lower velocity than raindrops, they more efficiently collect and retain particulate
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from the atmosphere and snow is more polluted than the rain when it reaches the
ground (White et al., 1995; Viklander, 1998).

Distribution of pH in the study area is given in Figure 3.4. The figure clearly
shows that snow at areas close to the major roads, such as the area between
Eskisehir Highway and Istanbul Highway, area around Samsun-Konya Road have
higher pH than snow at the parts with less traffic intensity.

Soil covered with snow means that soil particles cannot be resuspended
and neutralize deposited snow. However roads are salted after snow and within a
day after snow on the roads snow becomes slurry of ice, NaCl and road dust. They
are transported to the surrounding areas with traffic activity and neutralize acidity
resulting in heavily neutralized snow in the immediate vicinity of the roads as
shown in the Figure 3.4. It can also be seen that snow in most of the heavily
populated residential areas such as Mamak, Altindag, OSTIM, etc. is acidic
(pH<5.0). This is not a coincidence, and due to the deposition of acid precursor
gases such as SO, and NO, emitted from coal and natural gas onto snow surface.

The observed pattern indicates that pH of snow is modified either to acidic
or basic side, depending on the location after the snow event.
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3.4. Solubility of Metals

Distinguishing soluble and insoluble fractions is important because soluble
fraction simply represents the bioavaliable fraction and affects the receiving
systems, aquatic life and even food chain. In any aqueous system, there is a
temporal partitioning between metals in solution and in solids. This partitioning
includes specific mass transfer mechanisms of sorption, ion-exchange, and
surface complexation with both organic and inorganic sites on the solid matter
(Glenn and Sansalone, 2002). The release of trace metals into natural waters from
particles occurs within a few minutes. Furthermore, dissolved trace metals are
implied to different chemical processes in the atmospheric liquid phase as they
react efficiently with many of the oxidizing and reducing agents in soluble phase
Desboeufs et al, 2004).

Type and the history of a particle determine trace metal solubility related to
the conditions of those in precipitation. Also, solubility of elements in dry deposition
is expected to be quite different than in wet one, due to the differences in origin,

composition, structure, interaction with inorganic and organic matrices.
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As a general trend, solubility decreases with increasing pH (Oztas, 2001).
In snowmelt or rainfall runoff, temperature and correlation with different species
such as NaCl also affect trace metal partitioning. An increase in NaCl decreases
the concentrations of Cd and Zn associated with the particulate leachable phase
(Warren and Zimmerman, 1994).

Percent solubilities of determined elements in snow samples are listed in
Table 3.4. The soluble fraction is the fraction that passes the 0.2 um membrane
filter. We can classify these elements with respect to solubilities in three categories

for snow samples;

- Sparsely soluble elements: This group includes elements Al and Fe, which
have solubility of 1.52% and 1.58% in fresh snow samples respectively. Solubility
of these elements in aged snow samples is not significantly different.

- Moderately soluble elements: This group includes, Ni, Pb, Mg, Cr, Cu, Cd,
K and V. Solubility of these elements in fresh snow samples vary between 38% for
V and 14% for Ni in fresh and between 36% for V and K and 10% for Ni. These are
all elements with anthropogenic sources, except for K. Consequently; solubility
values reflect solubility of these elements in anthropogenic particles in snow.

- Highly soluble elements: This group includes Ca and Na, with solubility
of 69% and 73% in fresh snow samples, respectively. In the atmosphere Ca is
associated with CaCO83 particles that are known to be soluble in rain droplets and
snowflakes (Al Agha, 2000; Oztas, 2002; Al-Momani, 2003). Sodium, on the other
hand, is generally attributed to sea salt but in Ankara, soil is expected to be the
main source. However, roads are salted during winter in Ankara for deicing. Since
the soil is either snow covered or at least damp, throughout winter, crustal particle
generation is at minimum. Consequently, road salt is expected to be a significant
component of atmospheric Na concentrations. This may explain high solubility of
Na in both fresh and aged snow samples.
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Table 3.4. Percent solubility of elements

% solubility

Fresh Snow 12 th Day
\' 382 +20.6 36.0 +226
Zn 399 +333 53.9 +29.3
Cr 286 +184 214 +16.2
Mg 332 +20.8 20.9 *141
Cd 459 +35.2 317 1267
Pb 169 152 147 +115
Ni 142 222 10.8 +15.0
Cu 232 £17.2 26.6 *14.7
Fe 16 20 22 21
Al 1.6 1.6 1.5 +1.5
Na 729 +191 63.2 +243
Ca 69.0 +27.6 50.0 +29.7
K 451 +20.1 35.8 +20.0s

As can be seen from the table the most soluble element is Na (solubility =
73% in fresh snow and 63% in aged snow samples) and Al is the least soluble
element (solubility = 1.6% in fresh and 1.5% in aged snow samples). The order of
solubility of elements is as follows; Na > Ca > Cd >K > Zn >V > Mg >Cr >Cu > Pb
> Ni > Fe > Al. This ordering is in general agreement with solubilities of elements
reported in literature (Chester et al., 1997; Morselli et al, 2003; Basak and Alagha,
2004).

Percent solubility of elements in fresh and aged snow are depicted in
Figure 3.5. Except for Al, Fe and Zn, solubility of most of the elements in fresh
snow samples is higher than their solubility in aged snow samples. This may be

due to two reasons;

- pH effect: Average pH of the aged snow is 0.3 pH unit higher than the
average pH of fresh snow as discussed previously. Solubility in aged snow is
expected to be lower,
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- Vertical mobility of the soluble fraction in snowpack: During 12 day
period in which deposited snow remains on the ground, some part of the soluble
fraction of each element in particles in the deposited snow and in particles dry
deposited in this period dissolves and moves to the lower layers in the snow pack,
leaving behind more refractory fraction.
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Figure 3.5. Temporal solubility variations

Solubility of elements in fresh snow samples compared with the
corresponding solubility of elements in rainwater samples collected in Ankara
between 1992 and 1994 (Kaya and Tuncel, 1997) are depicted in Figure 3.6.

With some exceptions, orders of solubility of elements are generally similar
in rain and snow. The elements that are highly soluble in snow are also highly
soluble in rain; those that are insoluble in snow are also insoluble in rain. However,
solubility of elements in rain is higher than their solubility in fresh snow samples
indicating that atmospheric particles in Ankara were more soluble in 1992 than in
2003. There are two possible reasons for this; pH and variations in particle

composition

Average pH of the rainwater samples collected in 1992 was 4.1 (Kaya and
Tuncel, 1997) whereas average pH of fresh snow samples is 5.0. Since pH is an
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important parameter on solubility of elements, higher solubility in rainwater is
expected as it has lower pH.

Another reason is the change in the composition of particles between 1992
and 2003. In 1992 main mode of heating were coal and fuel-oil combustion thus
atmospheric aerosols were formed reflecting characteristics of these emissions
which were dominated by particles emitted from coal and fuel oil combustion
especially in winter. In 2003, main mode of heating in the city shifted to natural gas
combustion. Emission of particles and elements associated with those particles is
very small in natural gas combustion, so combustion is not expected to be
dominating in aerosols formed in 2003 winter season. Soil particles in atmosphere
is expected to have higher share in 2003 than in 1992 as elements like V, Cr and
Ni are fairly insoluble in crustal particles, but at least moderately soluble in
anthropogenic particles. Consequently observed difference in solubility of elements
in rain and snow can also be due to this change in atmospheric composition.

The only exception to this trend is Na that has solubilities comparable in
snow and rain. This is understandable as Na is a highly soluble element anyway.

pH is the most important parameter affecting solubility of elements. This is
shown in Figure 3.7., where solubility of elements in aged snow samples with pH
higher and lower than 5.0 is plotted. Without any exception all of the elements are
more soluble in samples with pH < 5.0, clearly demonstrating that pH is an
important factor determining measured solubility of elements.

However, pH is not the only parameter affecting solubility. This is depicted
in Figure 3.8., where % solubilities of Zn and Cr in fresh and aged snow samples
are plotted against H" ion concentration of the sample. Similar plots prepared for
all other elements have the same general appearance. The figure clearly
demonstrates that there is no one-to-one relation between acidity of snow sample
and solubility of an element. This is because solubility of an element is also
affected from other parameters, particularly the type of the particle with which it is
associated with. Concentration of each element measured in a snow sample is the
sum of its concentration originating from different sources. These sources
contributing to measured concentrations of elements will be discussed extensively
in coming sections, but most important ones are combustion, traffic and soil. For

example measured concentration of Pb in snow samples is the sum of Pb
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concentrations originating from soil, motor vehicles and combustion (for Pb the
most important source is motor vehicles). Solubility of Pb in particles emitted from
these three sources is very different. Generally studies show that pollution derived
and marine elements are more soluble than the soil related elements (Desboeufs
et al., 2004; Chester et al. 1999; Guerzoni et al., 1999). Consequently, solubility of
an element in any site depends, in addition to pH, on the relative abundances of
these particles at that point. pH increases the solubility of elements in each particle
type, but do not bring the solubility to the same level. Based on this argument,
neither pH, nor particle type information cannot explain solubility behaviour of

elements alone.
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3.5. Temporal Variations of Metal Concentrations

Main objective of this study is estimation of dry deposition fluxes using
snow as surface where dry deposition is calculated from the difference between

concentrations of elements in aged and fresh snow.

Reliability of dry deposition estimate depends on (1) reliability of fresh and
aged snow concentrations, and (2) difference between concentration of elements
in aged and fresh snow. Estimated dry deposition is more reliable when this
concentration difference is high.

In this study fresh snow samples were collected at four locations. In fact it
would be better if fresh snow samples were collected at all sampling points at
which aged snow samples are collected, but this might double the analysis load
and sampling would be more difficult.

Uncertainty in calculated dry deposition flux estimates depends on two
main factors that must be investigated to determine reliability of dry deposition
fluxes:

1. Variability in concentrations of elements in fresh snow samples: If the
variability in the concentration of a given element is low, then uncertainty in dry
deposition flux estimate for that particular element will be low, because fresh snow
concentration for that element will be valid for all points from where aged snow

samples are collected.

2. If an element has a high degree of variability in four fresh snow
samples, then uncertainty in dry flux estimate will depend on the difference
between concentration of that element in fresh and aged snow samples. If that
difference is high, then variability in fresh snow will not be important and will not
cause significant uncertainty in dry deposition flux, no matter how variable it is.
However, if the concentration of an element is highly variable in fresh snow
samples and if the difference between its concentration in fresh and aged snow
samples is very large, then calculated flux values will have high uncertainty
associated with them.
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The difference between fresh and aged snow samples are given in Table
3.5. The variability in concentrations of elements in fresh snow samples and
percent fresh subtraction are also given in Table 3.5. Variability in fresh snow is
presented as ranges of concentrations and relative standard deviation (RSD).

RSD varies between 10% for Al and 94% for Ca. Elements Al, K, Fe, Cu
have low RSDs < 30%, thus have fairly uniform concentrations in fresh snow.
Average concentrations calculated from four fresh snow samples can be reliably
used in all sampling points for these elements.

Ni, Pb, Mg, Cr and V have moderate RSDs between 30% and 50% while
Zn, Cd and Na have high RSDs which are > 50%. These elements are highly
variable from one station to another. Average concentrations calculated for fresh
snow may be significantly different at points where aged snow samples are
collected. As pointed out before, reliability of flux estimates depends not only on
RSDs of elements, but also on the difference between fresh and aged snow
concentrations. That is why calculated dry deposition fluxes will have low
uncertainty only if the differences between fresh and aged snow concentrations
are sufficiently different for these elements.

Ranges of elemental concentrations and percent fresh snow subtraction is
depicted in Table 3.5. The difference is also shown in Figure 3.9., 3.10. and 3.11
respectively for visual inspection. An average fresh snow concentration for each
element as a background value is determined as the average of four fresh snow
sample composition. This average is subtracted from aged snow concentrations
measured at each point separately in order to determine deposited amount of
metals in this 12 days period. Percentage fresh snow subtraction value varies in a
range of 0.6 + 0.7% for V and 74 + 49% for Cr depending on the aged snow
concentration variations from one point to another as can be seen from the Table
3.5.

Fresh snow accounts for less than 25% of aged snow concentrations in V,
K, Ca, Na, Fe, Ni, Pb, Mg and Zn. For these elements dry deposition flux estimates
are fairly reliable even if their concentrations in fresh snow are highly variable,
because differences in their concentrations in fresh and aged snow are large
enough to account for such large variability.

61



Fresh snow concentrations in Al, Cu, Cd and Cr accounts for 29%, 47%,
50% and 74%, respectively. Amounts of these elements dry deposited in 12 day
period is not high so accuracy of the dry deposition depends on largely how

variable is the concentrations in fresh snow.

Based on this argument; no uncertainty problem is relevant in calculated
dry deposition fluxes for Fe and K that have < 25% RSD and < 25% fresh snow
subtraction.

Dry deposition estimates for Al and Cu also have low uncertainty, because
although concentration of these elements in fresh snow accounts for 29% and 47%
of the concentrations measured in aged snow samples, they are distributed fairly
uniformly in fresh snow samples and average values calculated for fresh snow are

not expected to change from one sampling point to another.

Average dry deposition fluxes calculated for V, Ca, Na, Ni, Pb, Mg and Zn
are also accurate although concentrations of these elements in fresh snow are
variable. The difference between their concentrations in aged and fresh snow are
so large that non uniformity in fresh snow concentrations will not cause significant
uncertainty in their average dry deposition fluxes. However, uncertainty may be
high in few sampling points where aged snow concentrations are the lowest.

Dry deposition estimates are highly uncertain for Cd and Cr in most of the
sampling points for aged snow, because concentrations of these elements are
highly variable from one point to another and also their fresh snow concentrations
accounts for a significant fraction of their concentrations in aged snow. Dry
deposition fluxes for these elements have only information value, but do not have
any statistical significance.
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Table 3.5. Variability in fresh snow samples and percent fresh snow
subtraction

Conc range in RSD in Conc range in Fresh snow
fresh snow Fresh snow aged show Subtraction
(HoL™) (%) (HgL™) (%)

\' 30 -90 46 1,300 — 57,000 0.6+0.7
Zn 20-90 56 100 — 5,000 13+ 10
Cr 3.5-11 44 3.1-157 74 £ 49
Mg 100 — 330 39 200 - 4,000 19+13
Cd 0.18-0.98 79 0.17-8.0 50 + 46
Pb 6-9 39 5.7-89 24+ 14
Ni 7-23 43 14 — 374 23+ 22
Cu 30 - 60 28 30-370 47 + 23
Fe 800 - 1,200 17 2,100 — 23,000 17+£10
Al 100 10 400 — 25,000 29+ 48
Na 50 — 200 66 100 — 2,000 18+ 15
Ca 700 — 13,000 94 7,000 — 254,000 21+ 14

K 15-23 18 200 -1,300 44+£1.9
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Figure 3.9. Fresh snow subtraction for V, Zn, Cr, Mg.
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3.6. Sources of Variability in Fresh Snow Concentrations of Elements

Concentrations of elements in faling snow flakes (fresh snow
concentrations) are contributed by two different components. One of these is the
concentrations that are due to incorporation of particles to cloud droplets at some
distant source region and subsequent transport to the receptor. Transport of
clouds from those distant source regions to Central Anatolia takes up to several
days. Such long time period is sufficient for mixing within the cloud and this
component is expected to contribute fairly uniform at all points during snow.

The second component is due to particles that are scavenged by falling
snow flakes during snow, which is called washout or below cloud mechanism. This
second component is the one that causes variability observed in fresh snow
concentrations, because amount of elements scavenged out during precipitation
depends on the atmospheric concentrations of elements at the beginning of snow.
Atmospheric concentrations may vary from one point in Ankara to another, due to
different local emissions at different points in the city. Fresh snow sampling points
shown previously represent different characteristics. Kizilay and Ulus are the city
centers affected from heavy traffic because of the shopping centers and the
government buildings accumulated in the area. OSTIM is the part of the city
including a small-scaled industry, 20 km away from the city center. Sentepe is a
typical residential area for low-income families founded in the absence of city
planning thus natural gas is not available for most of the parts of the area. Low
quality coal is widely used for residential heating.

Concentrations of anthropogenic elements measured in fresh snow
samples are depicted in Figure 3.12. Most of these elements have high
concentrations at OSTIM site. This is not unusual, because OSTIM is the part of
the city with the highest anthropogenic emissions, particularly in winter, due to both
industrial activity and fuel combustion for space heating. The only exception to this
trend is observed for Pb, which has the highest concentrations at Kizilay site.
Since Pb is well known marker for motor vehicles, its high concentration observed
at Kizilay, which is the part of the city with highest traffic density is not surprising.

Consequently, observed high variability in fresh snow concentrations of
some of the elements, which increased the uncertainty in dry deposition flux
estimates is due to below cloud incorporation of pollutants to snow.
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3.7. Spatial Variation of Metal Concentrations

Snow surface provides unique opportunity to determine spatial distributions
as it is possible to get data using it as a surrogate surface providing data not only
on element concentrations, but also on deposition fluxes, subtracting fresh snow

concentrations from the concentrations at the end of 12 day period.

Data is inputted to MAPIFO version 5.1 software, which is a software
commonly used in GIS applications. The concentrations were interpolated and
distribution maps are prepared for each of the measured elements. Distributions of
anthropogenic elements are given in Figure 3.13., 3.14. and 3.15.

In an earlier study in Ankara, it was found that the sources of pollution
derived elements in atmosphere is fossil fuel combustion (Yatin et al., 2000).
Although some of the anthropogenic elements, such as Zn, Cd, Cu, are known to
be emitted from industries in other parts of the world, origins of these elements in
Ankara is also fossil fuel combustion due to lack of significant industrial activity in
the city. Another important finding in that particular study was that atmospheric
concentrations of pollution derived elements were fairly uniform over Ankara owing

to extremely small annual average wind speed (2 ms™).

Concentrations of pollution derived elements are expected to be related
with either distribution of population or distribution of traffic. Distribution of
population and roads are given in Figure 3.16. It can be seen that the city centre
where the main roads intersect, also have highest population density. Around
Cankaya there are residential areas occupied by high income families whereas
Mamak, Keciéren and Altindag are areas with unplanned residences and lower
income residents thus with high population density. The area around Eskisehir
Road looks less occupied because of the lack of residential areas but government
buildings accommodate an important part of the official population in day time.

There is a clear relation between concentrations of anthropogenic
elements and population distribution over the city. In fact all elements do not show
similar distributions. Although some points are common for some elements, there
are main differences in the areas showing “hot spots”, where element
concentrations are highest for each element. For example Cu has hot spots in
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Altindag, Mamak and Kizilay area, and also shows higher concentration in
Yenimahalle and Ostim.

Nickel concentration is high in Mamak, Ayranci, Yenimahalle, Kegiéren and
OSTIM. Besides these areas there are very high concentration levels measured
between istanbul and Eskisehir Roads. Although Ni source in the areas close to
anthropogenic sources is oil combustion, soil can be an important source for Ni in
areas without anthropogenic sources, as it is also abundant in soil. Soil can be the
reason of high levels measured between istanbul and Eskisehir Roads.

Vanadium distribution is similar to Ni distribution. This is expected as the
most important anthropogenic source for both of these elements is oil combustion
and also soil contributes to both elements concentrations at sampling points.
Vanadium concentration is high in Altindag, Kegiéren and Yenimahalle area where
population density is also high. Between Istanbul and Eskisehir Roads there is a
little hot spot, might be founded by soil or Cement Factory around that point.

In the area including Cankaya, Mamak and Altindag, very high Cr
concentrations are measured compared to other parts of the city. Very high
concentrations in such a broad area implies that this is a result of different

mineralogy of soil.

Cadmium and lead concentrations are higher in the areas with higher
population density compared to background values. Cadmium concentrations in
Altindag, Kizilay, Ulus and Ayranci are considerably high. Lead shows more
uniform distribution in highly populated areas according to other anthropogenic
elements. It has hot spots in Mamak, Altindag, Yenimahalle, Etlik and Ostim.

Highest concentrations of zinc are measured in Mamak, Kizilay, Ulus and
Kegibren corridor, Altindag, Yenimahalle and Ostim. It has a population dependent
distribution like other anthropogenic elements, thus higher levels are measured in
highly populated areas.

All anthropogenic elements show some similarities. First of all, their
concentration is higher in areas with higher population density. Lowest
concentrations for all elements are measured in the area between Eskisehir and

Istanbul Roads, including METU. This area also has the lowest population density.
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That shows that concentrations of anthropogenic elements are determined by
emissions depending on population distribution. Two kind of emissions can be
considered as population dependent: Traffic and fossil fuel combustion for
residential heating.

Hot spots with very high concentrations of these elements are mostly
located in Mamak, Altindag, Yenimahalle and Keciéren. As mentioned before
especially low income families reside in these areas where low quality coal is
highly used. Distributions of metals is similar to distribution of PAH’s in Ankara as
in the study by Gaga, (2004). It was shown that areas with high concentrations of
PAH’s overlap with the same highly polluted regions mentioned above. Emissions
from coal combustion are the most important source for the trace elements in
Ankara. In normal conditions elements like Cd and Zn are high in industrial
emissions, their main source is not coal combustion. But in Ankara there is no
significant industrial activity, so coal or fuel oil combustion is still the most
important source for these elements as also conducted before by Yatin et al.
(2001), too. Most of the elements are in high concentrations in samples collected
around OSTIM organised industrial area. Although population density is not high in
the area, emissions resulting from the small scaled industrial activity is the main
source for the pollution .

Distributions of crustal elements, Al, Fe, Ca, Mg, Na and K are
conducted in Figure 3.17. and 3.18. Distributions of crustal elements are a bit more
different than anthropogenic ones. Usually crustal element concentrations are
more uniformly distributed according to anthropogenic ones and it is possible to
observe high Al and Fe concentrations in areas with very low industrial activity and

low population density.

Two factors determine the distribution of crustal elements. First factor
includes how much soil is exposed in 12 days. Especially in areas with high
population and human activity, snowcover is more disturbed so it is expected to
have high concentrations of crustal elements not only at the sampling point but
also around the sampling point

Second factor is the mineralogy of the soil. If the crustal element
concentrations were only dependent on disturbed snowcover by human activity,
distributions of elements would be similar throughout the city. However as can be
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seen from figures, distributions are not similar, as mineralogy of soil is different in

Ankara according to the sampling area.

Concentrations of soluble fractions of elements are related to the pH
distribution as can be seen for Fe and Mg in Figure 3.17. and 3.18. For both
elements, concentrations of soluble fractions are high in areas with low pH. Similar
behaviour is common for all other elements. Although that does not effect overall
concentration distributions, it is clear that soluble fraction of snow is effected from
pH.
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Figure 3.13. Distributions of anthropogenic elements, Pb, Ni and Cr
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Figure 3.16. Distributions of population in Ankara
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3.8. Depth Profiles

Although spatial variations are important to conceptualize snow cover
structure, to see whether our assumption to use snow surface as a surrogate
surface is true we should have ideas about snow depth variations.

Around the world snow depths vary greatly at subgrid scales. During the
snow accumulation season, spatial snowdepth variations over land are primarily
the result of three mechanisms; (1) snow—canopy interactions in forested regions,
(2) snow redistribution by wind, (3) orographic influences on solid precipitation.
These three factors operate at distinctly different spatial scales. At distances of
tens to hundreds of meters, windblown snow is a dominant factor influencing the
snow distribution in tundra, prairie, and alpine/mountain snow covers (Liston,
2004). A further consequence of these blowing-snow events is that significant
portions (10%-50%) of the snow cover are returned to the atmosphere by
sublimation of the wind-borne snow particles. This process increase the uniformity
of concentrations at each sampling point, but do not effect the distribution over the
city. Furthermore the windspeed in Ankara is extremely slow (2 ms™) to effect the
distributions of elements over the city. At a larger scale, precipitation influences
snow depths over distances of one to a few kilometres. In our case our area is less
effected by such factors as sampling points are mostly surrounded by buildings,
etc.

The main concern in this study is the mobility of elements in snow. If such
mobility is significant, then calculation of deposition of elements based on surface
snow layer would underestimate the fluxes. To test this possibility depth profiles of
elements were determined at the METU station. Four samples were collected at
four different layers with the thickness of 4 cm. Consequently the difference
between the first and the last layer was 16 cm and Layer 4 represents the deepest

layer.

Concentrations of elements measured at each layer is depicted in Figure
3.19. Except for Na concentrations of all elements at the surface was at least a

factor of 2-3 higher than the concentrations in subsequent layers, indicating that
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mobility of elements in snow is not an important factor in calculation of dry
deposition fluxes. For some elements concentrations in the last layer is higher than

the concentrations at upper layers, as a result of contamination from underlying

soil.

Figure 3.19. Vertical variations of metal compositions.
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3.9. Dry Deposition Flux

Measurement of dry deposition is one of the most difficult measurements in
air pollution measurements. The difficulty in estimating dry deposition fluxes is due
to difficulty in correct simulation of the surface onto which deposition occurs. Dry
deposition is sensitive to deposition surface and changes from one surface type to
another (Morselli et al., 1999). Various different techniques are being used to
minimise the surface effect. Surface resistance and micro layer techniques use
short time (micro second level) measurements at the immediate vicinity of the
surface (Lo et al.,, 1999). Although these gradient techniques do provide fairly
reliable estimates of dry deposition fluxes, measurements of concentrations at
such short time scales is difficult and for some parameters such as metals is
impossible. Other techniques use simulated surfaces, such as water (Morselli et
al., 2003). Water surface samplers became a popular tool to estimate dry
deposition fluxes on natural waters. In these samplers, a reservoir is filled with
water and dry deposition occurs onto this water surface. Water level is either
maintained by means of a sensor and a pump (Azimi et al., 1994), or water in the
reservoir is recycled (Shahin et al., 2002). In either case water in the reservoir is
analyzed. Data generated using water surface samplers do generate correct flux
values to water surface, but results are only an approximation for other surface
types.

Surrogate surfaces, such as petri dishes with and without sticky strips are
most frequently used technique in estimating dry deposition fluxes due to their
ease of use (Odabasi et al., 2002; Yi et al.,, 2001) and they are one of the most
widely used approach in determining dry deposition fluxes, because they can give
at least an approximate idea on fluxes and they can provide correct information on
spatial distribution and long term trends in dry deposition.

Snow surface provided an excellent opportunity to calculate dry deposition
fluxes of elements without making any assumption about the surface type. The
snow surface was a better media than water surface samplers discussed
previously, because it allowed us to calculate fluxes in approximately 50 different
locations and hence to understand distribution of fluxes over the city. In terms of
information generated, dry deposition fluxes calculated in this study is equivalent to
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setting up 50 samplers to collect dry deposition samples. Average dry deposition
fluxes of elements are given in Table 3.6., together with the ranges observed in
fluxes. Lowest dry deposition flux is determined for Cd (0.157 ng m?d™"); whereas
highest ones are determined for Ca (6955 ng m?d™') and Fe (950 ng m*?d™). As
can be seen from Table 3.6., dry deposition fluxes of crustal elements are
significantly higher than the primarily anthropogenic elements. This is expected as
crustal elements are usually settle in particles larger in size.

Dry deposition flux distributions are the same as the concentration
distributions seen in Figure 3.20. as all concentrations are divided by the same
values for time period and sampling area. Distributions of crustal element fluxes
are more uniformly distributed according to anthropogenic ones and high dry
deposition flux values for anthropogenic elements overlap with the highly
populated regions. Information about such distribution of elements are given in the

previous section in detail.

Table 3. 6. Average dry deposition fluxes of elements

ELEMENT AV'(ErZAgE d|_=1|).ux (nzt"rg.%‘é:1)
v 1.804 1.364
Cr 1.943 2,686
cd 0.157 0.130
Pb 2,676 1.838
Ni 12.96 9.421
Mg 182.7 140.0
Zn 76.29 107.5
Cu 12.92 7.029
Fe 950.3 601.4
Al 530.1 653.6
Na 89.67 45.68
Ca 6955 7994
K 53.56 24,27
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Figure 3.20. Dry deposition flux distributions for Al and Pb

Dry deposition of elements are compared with the dry deposition fluxes
reported in literature, to get an idea about the magnitude of deposition fluxes
measured in this study. Data used for comparison include dry deposition of metals
measured onto Michigan Lake, using foil covered Teflon filters (Zufall et al., 1998),
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fluxes calculated for the same region using modified surrogate surfaces (Yi et al.,
2001), dry deposition of metals at izmir using the same modified surrogate surface
(Odabag! et al., 2002). Fluxes calculated using size separated aerosol
measurement and subsequent modelling at Chicago (Pirrone et al., 1995) and dry
deposition fluxes of elements calculated for the same region using literature
information on dry deposition velocities and measured aerosol composition (Herut
et al., 2001). Dry deposition fluxes of elements measured in these studies are
depicted in Figure 3.21.

It can be seen from the figure that dry deposition fluxes of elements show
fairly vide range. Observed vide range of flux values for each element is probably
due to different measurement method used, rather than regional differences in dry
deposition fluxes of elements. For example, dry deposition fluxes of elements onto
Lake Michigan were calculated by three researchers using three different methods.
Yi et al. (2001) have used aerodynamically modified flat surrogate surface. Zufal et
al. (1998) used foil-covered filters to collect dry deposition samples. Pirrone et al.
(1995) on the other hand collected size separated aerosol samples, analyzed them
for metals to calculate dry deposition flux onto Lake Michigan. Although these
three studies were performed at approximately the same location, dry deposition
fluxes of elements shown in Figure 3.21 are dramatically different. Fluxes
calculated by Yi et al. (2001) are consistently high, those calculated by Pirrone et
al. (1995) are consistently low and fluxes calculated by Zufal et al. (1998) are
consistently between the other two. Interestingly, Odabasi et al. (2002) used the
same modified surrogate sampler with Yi et al. (2001) to calculate dry deposition
fluxes at izmir. Fluxes calculated by Odabas! et al. (2002) are consistently highest
among all measured fluxes shown in the figure. For most of the elements, dry
depositon fluxes calculated by Yi et al. (2001) are closer to fluxes calculated by
Odabasg! et al. (2002) in izmir than fluxes calculated by Zufal et al. (1998) and
Pirrone et al. (1995) for the Lake Michigan. Consequently, dry deposition fluxes of
elements are primarily determined by the method used in estimation and
comparison can only be meaningful among values determined using the same

method. Unfortunately, such data is very scarce in the literature.

In this study, daily dry deposition flux is determined regarding the
concentration difference between reference sampling and the sampling on the 12th
day including all of the points according to the equation:
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F,=ACx Vxt'xA'

Where AC represents the concentration difference, V is the melted volume of the
snow, A is the area of the collection tray and t is the time period. Dry deposition
fluxes of elements measured in this study are generally at the middle of the range
of flux values observed in the literature. This only indicates that dry deposition
fluxes measured in Ankara are not unusually high or unusually low compared to
fluxes calculated in other parts of the world.

Izmir and Ankara are two cities with significantly different air pollution
characteristics. Aerosol dry deposition in Izmir is primarily influenced by industrial
and motor vehicle emissions, whereas in Ankara, atmospheric concentrations are
determined by emissions from space heating and traffic. In the winter period
elemental concentrations in Ankara atmosphere are expected to be similar to
those in Izmir. However, dry deposition fluxes of elements calculated for 1zmir by
Odabasg! et al. (2002) are approximately one-to-two orders of magnitude higher
than dry deposition fluxes calculated for Ankara in this study. This observed
difference probably reflects the difference between surrogate surface and snow
surface as collectors of dry deposition. The sticky films used by Odabasi et al
(2002) on their modified surrogate surface, probably enhances particle collection
by the sampler and results in overestimation of the fluxes.
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3.10. Enrichment Factors

The use of EF values for the judgment of pollution levels involves some
degree of uncertainty due to the natural variations of the earth crustal composition
at different sites. For this reason, EF values far above unity (e.g., EF~10) are often
recommended to infer the direct influence of anthropogenic source. This is a crude
but useful classification interpreting the environmental data. Enrichment factor
profiles of aged and fresh snow samples are represented in Figure 3.22. and 3.23.
respectively. Depending on the enrichment factor values it can be seen that Pb,
Cu, Ca, Ni, Cd and Zn have values higher than ten and can be referred to as
enriched elements. Such a trend strongly suggest a source other than soil; the
anthropogenic sources. Lower values for Fe, Mg, K, Na, Cr and V imply that soil is
their main source in collected fresh and aged snow samples.

Elements have different average EF¢’s in fresh and aged snow samples.
EFc’s of elements in fresh snow represent soil contribution on their concentrations
in wet deposition. Wet deposited concentrations of elements are partly due to local
scavenging of particles in the atmosphere by falling snow flakes, and partly due to
in-cloud processes which refers to deposition of elements in cloud droplets. It is not
possible to differentiate between the two mechanisms with the sampling strategy
used in this study. In any case EF¢’s of elements in fresh snow samples represent
their enrichment in atmospheric particles. EF¢’s calculated after 12 days, on the
other hand, indicates relative deposition rates of crustal and non-crustal material.
Average EF¢ of elements in fresh and aged snow samples are given in Figure 3.24
and 3.25 and respectively.

In fresh snow samples, V and Cr is highly enriched, indicating an
anthropogenic origin. Their low EFc values in aged snow samples indicate that
these sources are masked by their fair abundance in the crustal material. Also
enrichment factor for K is higher in fresh snow samples, as characteristics of the
air mass surrounding the city on the day of precipitation. Ca is not enriched in fresh
samples but on the 12th day, it is moderately enriched. Since calcium is a major
constituent of the soil aluminasilicate matrix, moderate enrichment in aged snow
can not be attributed to anthropogenic sources. Higher enrichment of Ca in aged
snow indicates different mineralogy of snow particles before and after snow
deposition. Soil particles in fresh snow samples are the soil resuspended by wind
action before deposition of snow. This process can resuspend crustal particles
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from anywhere in the city. However after snow deposition soil is covered and
resuspension of crustal particles cannot occur. Generation of soil particles after
snow deposition can occur only in limited regions such as very close to residents
where snow melts or around roads where snow is mixed with soil by pedestrian
action or deicing activities. Since such locations are limited mineralogy of soil in
these particular areas determine the Ca content of airborne soil particles after
snow deposition. Higher EF; of Ca in aged snow samples indicate higher Ca
content of such soil particles. This also represents the highly crustal composition of
the dry deposition samples.
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3.11. Factor Analysis

We have obtained five factors which explain 71.4 % of the total variance as
the result of factor analysis. Elements with factor loadings greater than 0.250 are
considered to originate from the related same factor. Results of Factor Analysis are
given in Table 3.7. with the factor score distributions for each factor given in Figure
3.26. and 3.27.

Table 3.7. Varimax rotated factor matrix

Element Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Al 0.818
Ca 0.330 0.825
Cd 0.667
Cr 0.788
Cu 0.408 0.641 0.419
Fe 0.682 0.397
K 0.604 0.292 0.450 0.424
Mg 0.849
Na 0.444 0.601
Ni 0.715
Pb 0.315 0.659 0.496
v 0.768
Zn 0.785
Eigen Value 3.931 1.902 1.361 1.070 1.022
Variance 30.245 14.636 10.476 8.237 7.868
Total Variance 71.463

First factor which explains 30.2 % of total variance is loaded with Al, Cu,
Fe, K, Mg, Na and Pb is obviously a crustal factor and its distribution over the city

is not population dependent as indicated in Figure 3.26.

Factor 2 is composed of elements Ni, V, Cd, Cu, Fe and K representing a
mixed anthropogenic source, mainly representing combustion as Ni and Cu can be

attributed to oil combustion, automobile emissions and residential coal combustion.
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Cd originate specifically from either diesel oil and tire attrition whereas V and Fe
are markers of steel parts attrition. Moreover, combination of V and Ni together
shows typical residual oil combustion emissions and factor scores are high in
highly populated areas.

Factor 3 is also an anthropogenic factor with high factor scores in highly
populated areas like Kizilay, Ulus, Dikmen, strongly related with Pb and with traffic
emissions. This factor also represents vehicular pollution as Pb is the marker of
unleaded gasoline and Cr is the marker of used engine oil.

The strong correlation between Zn and Cu in Factor 4 can be ascribed for
refuse incineration as Pb is also coupled with emissions from such sources. This is
probably a mixed source but, existence of Ca in that factor also suggests the road
dust option regarding the strong correlation of Pb with auto emissions. Last factor
is also loaded with three elements; Na, Ca and K. This factor probably represents
the effect of deicing activity on snow .
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CHAPTER IV

CONCLUSION

In this study, 54 snow samples were collected in order to investigate dry
deposition using snow as a surrogate surface in an urban atmosphere. Ankara is a
city with typical urbanization profile; highly crowded and less industrialized. Central
area of the city is divided into grids and samples are collected on the same day

according to a predetermined sampling procedure.

Samples are melted, their pH is determined, filtered, digested and divided
into two portions; soluble and insoluble fractions. Both fractions are analyzed with
GFAAS and FAAS, using methods preoptimized for meltwater analysis.

Concentrations of measured species showed significant temporal and
spatial variations. To assess temporal variations, reference samples collected on
the first day of the snow event are used. Concentrations of all elements are higher
in aged snow samples. To conclude that snow is a good surrogate surface for dry
deposition analysis, depth profiles of the snow is also investigated at one point and
concentrations were higher in the first layer for all elements. It is seen that snow is
a suitable surface for settling of particles.

Spatial variations are investigated drawing concentration distribution maps

using Mapinfo Software. It is seen that more crowded parts of the city are more
polluted by the elements coming from anthropogenic origin.
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Dry deposition flux of the elements are calculated taking the concentration
differences between the reference and aged snow samples. Results are
comparable with literature values. Enrichment factors are also determined for each
element. It can be seen that Pb, Cu, Ca and Ni can be referred to as enriched
elements whereas Zn and Cd are anomalously enriched. Such a trend strongly
suggest a source other than soil; the anthropogenic sources. Lower values for Fe,
Mg, K, Na, Cr and V imply the contribution of soil for these elements. EFc and
solubility profiles are different for fresh and aged snow samples, as fresh samples
represent the wet deposition whereas aged samples represent the dry deposition
of the elements. This shows that main removal mechanism is dry deposition for
Ankara city. Factor analysis give more detailed ideas for source contributions to
the pollution over the city. Five factors are conducted as a result of the factor
analysis, pointing out three main sources for these elements; traffic, soil and
anthropogenic activities.
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