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Chapter I. Introduction

Currently, environmental protection is a major glbboncern. The factors leading to
environmental pollution are of technological, ecmint and social origin.

The main characteristic of the environment isseff-regulation ability and capacity;
however, if certain limits are exceeded, graduairenmental degradation occurs, leading to
a destructive state. [Muntean et al. 2000]

Air pollution is defined as the existence of chemhicompounds, in gaseous, solid, or
liquid form, in certain amounts and lengths of timeich render ambient air as hazardous for
human health and the environment.

The purpose of the present study is an investigationcerning the physical and
chemical properties of the main atmospheric pdfitgan Cluj County and their mapping.
These studies have involved multiple stages dutireg research project, which started in
2007.

During the first stage, the studies focused oridbatification of the existing pollution
sources in Cluj County. For this purpose, extensive diligence and research were
performed with respect to the classification antireaof atmospheric pollutants.

Therefore, we elaborated a comprehensive sumnianam atmospheric pollutants in
Cluj County, based on a comprehensive source iowgnalong with a classification of
sources of such pollutants.

The above classification was based upon the fidldre the pollution source exists,
various raw materials and fuel types involved iroduction process, as well as the
technological characteristics of various retentgystems employed for the retention of
gaseous pollutants resulting from industrial preess A quantitative database of pollutants
from various sources was consequently developed.

The second stage involved an in-depth theoreipptoach, to establish the array of
analytical methods for the targeted pollutants. [Eggslative background, national standards,
and the currently enforced norms based upon whiehatmospheric pollution is assessed
were researched and identified. This was complesdehy the study of the basic scientific
principles, and the evaluation of the necessamsnsific instrumentation for sample collection
and analytical work.

The third stage strictly targeted the research eoncg the physical and chemical
properties of the main atmospheric pollutants imjGounty and their distribution. We
carried out measurements of the main indicatorsgmtein the ambient air: NONO, NG,
SO, CO, @, PMyg, Pb, Cd, and Ni from PM and monitored the evolution of their respective

2



concentrations. Using a comparison of recordea dath the corresponding data in the
emission inventory, as well as meteorological infation for all studies indicators, we
applied the OML-multi model of Gaussian dispersibhe results revealed the distribution of
atmospheric pollutants in Cluj county, based oneladorated dispersion models.

In order to have a comprehensive view of air quathe studies have continued — by
additional crystallographic and mineral investigasi of solid suspended materials sampled
from air from various spots within the Cluj-Napazity area.

Due to the fact that during winter the concentrati of PMo were recorded at
elevated levels, compared to the warmer monthsygre concerned about the reasons behind
the increase. Consequently, the purpose of ouy stiag widened and we sought to establish

the influence of ice-melting materials applied ba toads upon the air quality.

Chapter Il. Pollution Sources in Cluj County

Pollutants do not act locally, around their emissacea, but they are disseminated in
space, in the ambient air, in surface and grourténsigin ground, affecting the global
environment.

The following categories of polliution sourcesGiuj County were investigated:
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Chapter Ill. Methods of Analysis for Air Pollutant s

In order to establish an array of analytical methedvering the range of targeted
pollutants, legislation, national standards, arddirrently enforced norms based upon which
the atmospheric pollution is assessed were resedremd identified. Additionally, the
evaluation of the necessary scientific instruméoator sample collection and analytical

work was completed.

Chapter IV. Mineral and Crystallographic Investigations of Air Samples

For material samples, representing airborne powdéected in Cluj-Napoca, were
studied.

Considering the occurrence of material particlesnmeral origin in ambient air of
urban centers [Joshi et al, 2009I Tasic et al, 2806n, Berg, 2009; Navaro, Sebastian, 1996;
Moldoveanu, 2005] a mineral and crystallographiestigation of the samples was deemed
necessary.

A comprehensive characterization of the samplescaaried out by correlating the X-
ray diffraction results with the results obtaineg dptical microscopy in transmitted and
cross-polarized light [Arghir, Ghergari, 1989; Quyil Stock, 2001; Arghir, 1993].

All four samples were investigated under identicahditions, at room temperature
and atmospheric pressure.

Due to the adherence of subject particles to thk ef the crucible, we used doubly
distilled water for their removal, followed by thgilacement on glass plates for microscopy,
and the amorphous cuvettes for X-ray diffraction.

X-ray diffraction analysis was performed by a DR@GMype instrument, equipped
with Matmec VI.0. data acquisition and recordinffware.

The diffraction range was 20-100 degreds With post-acquisition fine structure
detailing across the 20-45 degre@s\®/e used a Cu anticathode withyCh = 1.54184 * 10
9'm, at a recording speed of one degree/minute sbhece settings were: horizontal aperture
4 mm, vertical aperture 8 mm, Soller collimator 1&g div, Ni filter thickness 2@m,
horizontal aperture 0.5 mm, vertical aperture 12, niime constant 5 seconds, pulse range 1
10° imp/sec. The corresponding interplanar distanger® calculated based in Bragg’s Law,

aided by Matmec VI.0. software.



The mineral content of the sample were identifigd domparing the calculated
interplanar distances with thoseincluded in thecgppedatabase Match — Phase Identification
from Powder Diffraction, Crystal Impact Co. 2008.

The morphologic aspects of the PP sample were rdeted by dark field optical
microscopy. We used an IOR-8 optical microscopdapgepad with a Samsung 8 MPx digital
camera and the Image J 1.40g specialized microghagthic analysis software (National
Institute of Health, USA) [Rasband, 2009].

The mineral microscopic analyses were performedh vdh optical microscope
Laboval 2 — Carl Zeiss Jena, using transmitted @nds-polarized light. Digital captioning

was achieved using a Samsung 8 MPx camera.

4.1. Investigation of air samples accumulated durip weekdays and weekends

Sample 1 — collected from Dambovitei Street, anglated during the January 17-21,
2011 period, in an amount of 0.020 g, as depositecrucible’s wall.

The difractogram for the P1 sample is shown iruFégl. We noticed well defined
diffraction maxima, indicative of crystalline comuents that are well developed at
microstructure level. The appearance of a net mami followed by a relatively complex

succession of less intense maxima indicates a 4cmitiponent, multi-phase crystalline

sample.
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Figure 1. Sample P1 difractogram — collected Janlid21, 2001 — Dambovitei Street

The predominant component is quartz, and the it#egp distances match the PDF
#01-064 reference data. [Hanawalt et al, 1938]

The material has a hexagonal crystalline strucamd the chemical formula SiO
[Arghir, Ghergharu, 1989]. Cleavage is not presesiich leads to the formation of equiaxial
particles (approximately the same radius in aledions), with irregular surface and sharp
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thorns, which erode in time due to reciprocal abrasSuch particles can be found in a wide
dimensional range, in various sand types.

The second determined component, in terms of poesen the sample, is
lepidocrocite, its interplanar distances correspumdo the PDF #88-2212 reference data
[26]. This representgiron hydroxide, with the chemical formula FeOOH.

Caolinite — Al2Si205(0OH)4 — hydrated aluminumcslie. This material crystallizes in
a bipyramidal, orthorhombic shape, which leadhodranular, scales-like, appearance of the
particles [Arghir, Gherghari, 1989].

The third mineral component of the P1 sample ®ic#e; the interplanar distances
correspond to the database (PDF #01-0527) [Hanaivalt 1938].

The relative intensities of its specific maxima it exceed 25%, which denoted its
less significant presence in the sample, as cordpaith quartz and lepidocrocite. It is part
of the clay minerals category, crystallizing irclin shape [Arghir, Gherghari, 1989] and it is
an unual component of the soils that are adjaaembads, being frequently found in road
dust. [27]

The distribution of minerals in the bulk of sam@éd can be revealed by mineral
optical microscopy. One can observe (Fig. 2a andi& overall morphologic appearance of
the sample, particularly the larger entities, wathaverage diameter of 28 — illustrated as
dark-colored and accompanied by very fine partitdeated behind.

The microscopic examination under cross-polarizgiat (Fig. 2b and 2d) distinctly
reveals the particles’ match with the crystallineedes identified by X-ray diffraction.
Quartz appears as grey-greenish, lepidocrociteeddish-rusty, and caolinite bright white.
[Arghir, Gherghari, 1989].

We also noticed an over 50% dominance of quartaghes within the investigated
microstructures, lepidocrocite accounting for a®@®%, while the balance is attributed to
caolinite (the very fine particles visible underlgrized light as white dots, sometimes
yellowish-white).
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Figure 2. Microscopic aspects of P1 sample: @, g) micropictures with transmitted

light; b, d, f, h) in cross-polarized light



Zoomed details (Fig. 2e and 2f) further underlime general observations with respect
to the overall appearance of the P1 sample. Th&dgl shape of quartz particles can be
distinctly observed in both transmitted light (F2g) and cross-polarized light (Fig. 2f).

In this micropicture we observed an interestingaiiet one of the quartz particles
includes lepidocrocite, fact which is in agreemaith other literature reports [28,29].

Zoomed microstructural details (Fig. 2g and 2h)esdvthe presence of Riitype
material particles (the larger), and PM type (the smaller). The larger appear colored in
shades that are typical for quartz, whereas sontigeofery small particles appear as white or
yellowish-white dots, the latter being caolinitetpdes.

The very fine caolinite particles are also observeigures 2b and 2d. In specialized
references it was reported the tendency of caeli@tform flaky particles with dimensions
consistent with the PMand PM s range, rather than PM[Zbik et al, 2008; Houwing, Rijn,
1998; Hosu Prack et al, 2010].

The determination of the very fine particles of PMand Pm10 type, the sample P1
was subjected to an optical inspection by darkdfietflected light, complemented by

guantitative analysis, in order toi establish treamdiameter of such particles.
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Figure 3. Microscopic quantitative analysis (daefd) for sample P1: a) the resulted
micropicture, b) the 3-D presentation of figure 8aprofile details corresponding to the white
lines in figure 3a
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In Figure 3 we observed the very fine particlegesponding to PMs, as very small
white dots, while the larger ones are aprticlethefPMg type. The aspect of the latter can ve
better observed in a 3-D presentation (Fig. 3b).

The profile details revealed by dark field lightaiysis (Fig. 3c), one can determine
the diameter of particles at half-height of eachtipi@ in the profile. Therefore, the mean
diameter of the Plk particles are around gm, while the mean diameter of the RM
particles is around @m.

As a result, sample P1 consists of microscopiciglest moderately sized, with the
mean diameter of approximately a8, formed by quartz and lepidocrocitem accompanied
by PM: s and PMg consisting of all three mineral species identified

The presence of material mineral particles larpant10um is consistent with very
strong mixing of street dust due to heavy traffigidg weekdays.

Sample 2 — collected from Dambovitei Street, acdated during the weekend of
January 21-23, 2011, in an amount of 0.004 g, pegited on crucible’s wall.

The difractogram for sample P2 is presented inréigu

Figure 4 reveals well defined maxima, less intethsa those in sample P1, and we
notices significant band widening, indicating thentibution of crystalline materials,
correlated with the massive presence of fine dagiof PM s and PMg type.
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Figure 4. Sample P2 difractogram — collected Jan@&r23, 2011, Dambovitei Street

The most intense maximum is assigned to quartzlewhe identified eight more
distinct maxima. The context confirms quarts asdpghe predominant component. The
second contributor, in terms of importance, isdeprocite.

In a similar fashion to the analysis of P1 sampie identified caolinite, with the same
ratio of relative intensities.



The major difference is that in sample P2 we idieditridimite, along which we

identified other two distinct maxima, fact whichndioms literature findings [30].
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Figure 5. Microscopic aspects of P2 sample: a, @) micropictures with transmitted light;
b, d, f, h) in cross-polarized light
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Tridimite is an allotropic form of silica dioxideyhich crystallizes in an orthorhombic
shape, as opposed to quarts, which crystallizeadgmmally. Tridimite is formed by heating
guarts to elevated temperatures (i.e., 1470 degfowed by cooling. The modification is
catalyzed by the presence of certain impuritieghsas iron or calcium. [Baldo, Santos,
2002]. The specific shape of tridimite particlesabular-lamelar.

An overall view of sample P2 can be observed gufés 6.36 a and b. There are two
types of particle association — associations of iomedsized microscopic particles, and
associations of small size microscopic particle®bf2.5 and PM10 type. We observed the
predominance of small microscopic particles. Inserpolarized light, we observed grey-
greenish quarts particles, and brown-reddish |lepmiote particles.

We also observed (Fig. 5b) certain grey-greerpsinticles with tabular-lamelar
structure corresponding to tridimite, whereas cutali particles appear as small white-
yellowish dots. Zoomed images (fig. %c and 5d)walb clearer distinction of the above. In
Figure 5c, we very clearly observed the associatfoiarger particles, with a mean diameter
of approximately 2m (smaller than in sample P1).

The same view, in polarized light, clearly revedlwee light brown-reddish
lepidocrocite particles, a few equiaxial quartztistes, and a larger quartz particle (oblong,
65 um in length and 5Qm in diameter), with fine inclusions of lepidocrteci

We observed very fine particles of caolinite, whyellowish in color, as a function of
their position with respect with the microscopejstical axis. The details in Fig 5e and 5f
include two particles that are particularly intéireg: the reddish particle, lepidocrocite, with a
length of 75um and a width of 5@um, and a tabular, grey-greenish [article of tridenivith a
length of approximately 70m and a width of 5Qm.

The arrangement of the very fine particles @&@ggand 5h) is visible under polarized
light, with some quartz and white-yellowish cadknparticles being visible. The quantitative
microscopic investigation in dark field (Fig. 6)derlines similar details with those presented

in Fig. 5g.
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Fig. 6. Microscopic quantitative analysis (darkd)efor sample P2: a) the resulted
micropicture, b) the 3-D presentation of figure pprofile details corresponding to the white
lines in figure 6a.
Based on the profile details in Figure 6 we coustiablish the mean diameter of
PM2.5 as being 2m, while PM10 may be associated with an approximnvatae of 7um.

We noticed that these values are significantly Ean#han those resulted for sample P1.

Sample 3 — collected from Aurel Vlaicu Street, anailated during the week of
January 17-21, 2011, in an amount of 0.014 g, pesited on crucible’s wall.

The difractogram for sample P3 is presented in fiéigl. Its general appearance
consists of well-defined maxima, very pronouncetijcl is consistent with a predominance
of crystalline components in the bulk of sample Pi3e interpretation of Figure 7 allows the
determination of diffraction data and the idengfion of crystalline compounds (phases) in
the sample.

It was observed that the main component of samflesPquartz, silica dioxide,
hexagonally crystallized. This is represented bg thost intense maximum, and it is
accompanied by eight additional representative maxthe interplanar distance values being

consistent with the data reported in the literafti@nawalt et al, 1938].
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Figure 7. Sample P3 difractogram — collected Jani@21, 2011,
Aurel Vlaicu Street

The next compound in the sample, importance-wiselepidocrocite. The third
identified compound if caolinite. These facts akmlvus to estimate its proportional
contribution to the mass of the sample to about.1bBé rest of 5% is allocated to tridimite,
whose presence is indicated by the two relativelss lintense maxima (15% and 18%
respectively). This component being orthorhombiticai dioxide, specific to elevated
temperature heating, there is a possibility thatiginated in street dust.

An overall view of sample P3 is shown in Fig. 8al &b. Equiaxial particles of
medium size, with a mean diameter of about @@ are observed, surrounded by
accompanying smaller particles.

The massive presence of some fibrous materialb @iy traces of textile material)
which do not belong to minerals class was alsochote

Under polarized light (Fig. 8b) we observed thedprainance of quartz particles,

grey-greenish in color, and some dark brown lepidcite particles.

‘fk.ﬁ

-
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Figure 8. Microscopic aspects of P3 sample: a, @) micropictures with transmitted light;
b, d, f, h) in cross-polarized light

In Figures 8c and 8d we observed a different olarairoscopic zone, where various
mineral particles, identified by X-ray diffractiooguld be clearly distinguished.

The most interesting part of figure 8b is zoometignres 8e and 8f.

In these, we observed the microscopic dimensibtiseoparticles, which confirm the
previous findings, namely a mean diameter of aBéum.

The polarized ligth results (Fig. 8f) are more iating, as three brown-reddish
lepidocrocite particles are surrounded by grey4gisdequartz particles. These facts are in full

agreement with the results and observations yigbged-ray diffraction analysis.
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The structuring of the fine particles via polarieght is evident in figures 8g and 8h,
where the fine quartz fragments are surroundedbifes, white-yellowish caolinite particles.
Also, brown fragments of lepidocrocite particlesgebserved.

This structuring of fine particles were subjectniicroscopic quantitative analysis in
dark field (Fig. 9)
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Figure 9. Microscopic quantitative analysis (daefd) for sample P3: a) the resulted
micropicture, b) the 3-D presentation of figure gaprofile details corresponding to the white
lines in figure 9a

In the 3-D image (Fig. 9b) the accurate shape @fdry fine particles is evident. The
profile details in figure 6.40.c allowed the deteration of mean diameters — hence, a mean
diameter of approximately gm was determined for PM, whereas for P a mean value
was found to be aroundpén.

Sample 4 — collected from Aurel Vlaicu Street, analated during the weekend of
January 21-23, 2011, in an amount of 0.005 g, pegited on crucible’s wall.
The difractogram for sample P4 is presented in rieigl0. It presents somewhat

distinct diffraction maxima, characteristic of digiine materials, but with more reduced
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intensities and wider bands than in sample P3. fHuisis indicative of the presence of a very

fine powdered material.
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Figure 10. Sample P4 difractogram — collected Jan2&-23, 2011,

Aurel Vlaicu Street

We identified the same minerals that were presensample P3, as follows: the
predominant component is quartz, followed by leprdoite, caolinite, and tridimite. What
differentiates P4 from P3 is the extent to whiclar exceeds the other components. The
estimated quartz content in sample P4 is 70%, ¢se bieing allocated the aforementioned
minerals.

This assessment is confirmed by the overall mi@pscobservations, obtained under
polarized light analysis, as shown in figure 6.42uthere the bulk of the picture is almost
entirely occupied by finely dispersed quartz, ggegenish in color. Very few brown-reddish
particles (lepidocrocite), or white-yellowish (cente) were observed, interspersed with the
predominant quartz particles. Another overall mscapic view (Fig. 11a) reveals some larger
equiaxial particles, of approximately 251 mean diameter, but very few with respect to the
finer particles association.

In polarized light (Fig. 11b), we observed thatséaeorrespond primarily to quartz,
and a single particle matches tridimite (tabulaeyegreenish in color).

Long, fibrous materials appear in various colorslampolarized light. These were
attributed to colored textile fibers, and the oledr colors were due to the fiber coloring

pigments which exhibit characteristic colors wh&pased to polarized light.
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Figure 11. Microscopic aspects of P4 sample: agg,micropictures with transmitted light;

b, d, f, h) in cross-polarized light
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The details of mineral optical microscopy are pnésé, in zoomed fashion, in figures
11 e-h. We observed fine equiaxial particles ofifPMpe, grey-greenish — which reveal that
they belong into the quartz category. FineRMpe particles, accompanying the RNype,
are even more evident in figure 11le.

In polarized light (Fig. 11 f), these RMtype particles tend to exhibit white-yellowish
color, consistent with caolinite. These resultsiargill accordance with the X-ray diffraction
analytical results.

These particles were examined by dark field optitédroscopy, to establish the

dimensional characteristics. The microscopic quainte analysis results are illustrated in
figure 12.
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Fig. 12. Microscopic quantitative analysis (daedd) for sample P3: a) the resulted
micropicture, b) the 3-D presentation of figure 1@aprofile details corresponding to the
white lines in figure 12a

The structural details yielded by the dark fieldicgd micropicture shown in figure 12
a is better noticed in the 3-D presentation (FBp)land they are in full agreement with the
observations obtained via transmitted light micapsc(Fig. 11e).
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Based on the profile details in Figure 12 we egghbd the mean diameter of the PM-
type particles. Accordingly, the BMhave a mean diameter of 218, and the Plyy have an
approximate mean diemeter ofifn.

We also noticed that the fine particles represelarger fraction of sample P4 than

they did with respect to sample P3.

4.2 The effects of atmospheric pollution with airbene pollutants on human
health

We have demonstrated the fact that quartz -, S lepidocrocite - FeO(OH) are
predominant in Plv.

The iron hydroxides are very dangerous for theiragpy tract and lungs, causing
acute inflammations [Harris, 1999; Muntean et 2.

To evaluate the invasive capacity of PM10 and PM2id what the effects of
airborne polluting particles upon human health, pegformed a study, based on optical
microscopy.

A volunteer was exposed, for the duration of onerhao the effect of airborne
particles, in the area of Dambovitei Street, duniogmal traffic conditions and volume. After
the exposure, a sample of the mucous membrane ulgected to optical microscopy
analysis.

The PMo and PM s particles are observed as black dots, surroungtedhite blood
cells (WBC) and several germs (G) (Fig. 13) [Munteaal. 2012]

Fig. 13. Optical microscopy picture of a mucous rbeane sample, exposes in vivo,
for the duration of one hour, to the effect of anre particles, in the area of Dambovitei
Street, during normal traffic conditions and volurR®&! = material particles,
WBC = white blood cells, G = germs.

19



The above demonstrates that the presence of PMucoms membrane induces a

bodily reaction, which affects the human health.

4.3 The effect of application of deicing and antitgsdding materials on roads,
during winter season, upon the air quality in ClujNapoca

Due to our finding that the concentration of airmmarticles including the P
fraction during winter season, we performed a stedyrding the effect of the application of
deicing and anti-skidding materials in roads uploa &ir quality in Cluj-Napoca, from the
standpoint of the presence of airborne particles.

In this context, we collected a representative $arapsuch deicing and anti-skidding
material, from a typical lot used in Cluj-Napoca, eebruary 11, 2011. The sample consisted
of a granular heterogeneous material, with variabéneters from 2 mm to 15 mm. The
sample was prepared for the mineral investigatsfolbows:

- A representative amount of the overall material waeschanically powdered to
evaluate its gl obal mineral composition via ogdtiwécroscopy.

- Several particles were separated, from each differ@mponent of the sample. Each
component was mechanically powdered to evaluatendividual mineral composition via
optical microscopy.

To identify the minerals contained in the sampfedeicing and anti-skidding

material, we applied X-Ray diffraction analysis.
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Fig. 14. The X-Ray spectrum of: a) the anti-skiddmaterial and b) a sample with a
high iron hydroxide content [Muntean et al, 2011]
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The resulting X-ray spectrum, fig.14, reveals vesil defined peaks, corresponding
to a crystalline state of the probe.

We found large quantities of quartai-SiO,, lepidocrocite v FeO(OH), goethite «
FeO(OH), halite — NaCl, and traces of tridimite SiO,. [Arghir, Gherghari, 1989]

The morphology of the initial sample of anti-skidgimaterial is presented in Fig. 15.
The quartz particles appear as rounded, white-gneygolor, halite appears as square,
translucent particles, while the particles contagniron hydroxide are brown-red, [Catarig,
Arghir, 1988], and the tridimite traces appear@mded dark particles. Initially, the diameter
of the global anti-skidding material particles viegween 5-10 mm.

The quartz particles, and also trydimite are imsgntal to increasing the road
adherence, while halite reduces the melting poiatind winter season, under traffic
conditions.

Optical microscopy analysis (Fig. 15 ¢ and d) révéae high content of lepidocrocite
and goethite (brown-orange color), mixed with fqneartz particles (grey-greenish).

Most probably, the particles containing iron hyddexoriginate from the rust from the
vehicles’ chassis, which mixes on the road surfadcin the deicing and anti-skidding

material.

65 pm

c d
Fig. 15. Morphology and mineral distribution infpary samples: a) initial anti-

skidding material; b) cross-polarized light micrdpre of anti-skidding sample, c) cross-
polarized light micropicture of anti-skidding samptith iron hydroxide content, and d)
zoomed cross-polarized light micropicture of akidding sample with iron hydroxide
content [Muntean et al, 2011]
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Due to the known hazards associated with airbaroe hydroxides, a procedure to

reduce their emission is necessary. We proposeuh@tia separation as a solution.

By applying dry magnetic separation, we achievéihh extraction efficiency, but the
mixture of goethite and lepidocrocite is impurifidqxy the presence of trace quartz and
tridimite.

The extraction efficiency is beneficial for the @owment, but the resulting product
has no industrial applicability, due to the quaxdntamination.

In order to explore a viable industrial solutiore wpplied wet magnetic separation,

where the extraction efficiency was reduced, bet plurity of the resulting product was

significantly improved.

q - OQuartz

I - Lepidocrocite
1 g - Goethite

t - Tradurate

LE]

Intensity, a.u.

20 30 40 a0 G50 7o a0 S0 100

2 theta, degree

Fig. 16. The X-ray spectrum of particles of antidskng material with high iron
hydroxide content after: a) dry magnetic separadiot b) wet magnetic separation
[Muntean et al, 2011]

It is observed that, following the wet magnetic amtion procedure, goethite and
lepidocrocite are the only detected minerals (6.

The powdered iron hydroxide resulted by wet magne&paration seems to have
uniform dimensions, 15m in diameter, which could be adequate for use etafturgy, or, it
could be subjected to hydrogen reduction to olsgmurity appropriate for iron powder.

The technical procedure of wet separation can kbduimproved, in order to use it
as a source of raw material in metallurgy or otpercesses, such as the manufacturing of
permanent magnets from synthesized barium fe@igtdrig, Arghir, 1998; Arghir, 1978].
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Our research aimed at iron hydroxide in the envitent proved that the anti-skidding
material samples collected drring December 2010ebriary 2011 contain significant
amounts of iron hydroxides (goethite and lepidoite)c amounting to approximately 20%.
Their presence could be very hazardous to humdthhea

The applied magnetic separation method has progedfizial for the environment, by

enhancing its quality.

40 pm

125 pm ’ 40 ym

¢ d

Fig. 17. Cross-polarized light micropictures of gdes for magnetic separation: a)
dry, medium zoom, b) dry, high zoom, c) wet — medizoom, and d) wet — high zoom
[Muntean et al, 2011]

The proposed separation method can be useful inethection of the iron hydroxide

content in the urban ambient air.

4.4 Concluding Remarks

The following aspects result from the analysis loé four samples of powders,
subjected to mineral crystallographic analysis:

» All four samples have the same basic compositianjng quartz as predominant,
but accompanied by lepidocrocite, in variable prtipa. In all samples we identified
caolinite, as minority component. With the exceptaf sample P1, we detected tridimite in

trace amounts. Since the points of sample collectidambovitei Street and Aurel Vlaicu
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Street) are at least 1 km apart proves that thginating source of these particles has a
widespread geographic area.

» For the samples collected during weekdays we rbtckarge fraction of airborne
particles with mean diameters between 25 andré0for both collection points (Dambovitei
Street and Aurel Vlaicu Street), corresponding td,P and PMgtype particles.During
weekends, we noticed a relative decrease of l@ssisciated to these large particles. The fact
is correlated with higher traffic intensity duringeekdays, traffic which triggers the air
dispersion of larger particles to a higher extent.

» Fine microscopic particles of PMand PMg type are within specific dimensional
range in all samples, regardless of the time aadepbf collection, with the observation that
their size distribution is lower by 1i#n during weekends.

» Quartz and lepidocrocite are prevalent in;p&hd the large microscopic particles,
while caolinite corresponds rather to the fine ticats of PM s particles.

It is interesting to note the quartz associatiotihwepidocrocite in all four investigated
samples. This association reveals the existenaecofnmon source of such material particles,
covering vast geographic areas, given the twoivelgtdistant collection points (Dambovitei
Street and Aurel Vlaicu Street).

We observed that the application of anti-skiddingtenial, applied during winter
season, is a problem, due to the harsh contactebetwhe tires with the road surface,
associated with the reduced hardness of such lgatti®articles of PM type become
airborne, along with a resuspension of road dudth lof which lead to an increase in the

overall airborne concentration.

Chapter V. The distribution of main atmospheric polutants
in Cluj County

Atmospheric emission of pollutants originating iarieus human and natural factors
affects not only the air quality, but other envineental components — water, vegetation, soil —
with consequences on ecosystems and human lifatyqudancu, Marin, 2008; Coldea,
2002]

Diffusion (molecular or turbulent) takes place ageault of molecular exchange
between the fluid layers (molecular diffusion), @ mass exchange in fractions

(macroparticles) that fluctuate between layersb(ilent diffusion). Macrodifussion (fluid
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particles) takes also place during laminar movenwérituids, due to the different relative
speed between the fluid layers. [Sandu et al, 2004]

A dispersion model is a mathematical simulatioploysical and chemical phenomena
in atmosphere, which uses data entries into theactexistic dispersion equations, resulting in
concentration values for various receptors. [Oleyaski, 2000]

Several steps were taken to map the atmospheticaats:

s We identified the air pollution sources in Cluj Gy

% We elaborated the annual inventory of atmosphesitugants in Cluj County; based
on this we obtained data about the quantities aftedpollutants

s We measured the main indicators present in atmosph&), NO, NG, SO, CO, Q,
PMyo, Pb, Cd and Ni from Ph, and we monitored their concentrations

s We monitored the weather conditions, such as teatypes, pressure, wind speed and
direction, humidity, solar radiation, and precipga amount in Cluj-Napoca.

By corroborating the data obtained from the emissioventory with weather
information and the measurements for all the abodécators, we applied the Gaussian
OML-multi dispersion model, and the results yieldee main pollutants distribution over the
area of Cluj County.

The county-wide emission database includes thregyoees for the emission sources:

% Point sources (chimneys)
% Surface sources (fuels used for heating in alllivesin Cluj County)

% Linear sources (traffic)
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5.1. NO, Concentration

Distributia spatiala a concentratiei medii anuale pentru NOx

Averaging Modeled . VL+MT
Polutant time concentrations Unit PIE PSE VL 2008
NO, an 10,33 -104,8¢ pg/m3 | 19,5 24 30 -

Fig. 18. Spatial distribution of annual averageaamiration of NQ

The limit of the medium annual concentration ise®ded across the entire area of

Cluj-Napoca, particularly the entry and exit roaghw/éFig. 18).

5.2. NO, Concentration

Distributia spatiala a concentratiei medii anuale pentru NO2

Averaging Modeled . VL+MT
Polutant time concentrationg Unit PIE | PSE VL 2008
NO, an 6,88 - 69,91 pg/m3 26 32 40 46,66

Fig. 19. Spatial distribution of annual averageasoiration of NQ
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The limit (including the VL+MT tolerance) of the miem annual concentration is

exceeded across the reduced area, in the centladCluj-Napoca (Fig. 19).

Distributia spatiala a concentratiei maxime orare pentru NO2

Averagingl Modeled . VL+MT
Polutant time [concentrations] Unit PIE PSE | VL 2008
NO, 1h 26,64 - 673,04 pg/m3 100 140 20d 233,33

Fig. 20. Spatial distribution of maximum hourly cemtration of NQ

The limit (including the VL+MT tolerance) concerticm is exceeded almost across

the entire Cluj-Napoca area (Fig. 20).

5.3. SO, Concentration

Distributia spatiala a concentratiei medii anuale pentru SO2

Polutant| Averaging | Modeled unit | PIE | PsE | wL | VEIMT
time concentrations 2008
SO2 an 7,49 - 8,36 pg/m3 8 12 20 -

Fig. 21. Spatial distribution of annual averagecsmiration of S@

The limit of the medium annual concentration is exteeded in Cluj County (Fig. 21).
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Distributia spatiala a concentratiei maxime zilnice pentru SO2

Averaging Modeled . VL+MT
Polutant time concentrations Unit PIE | PSE VL 2008
SO, 24 h 7,54-11,07 | pg/m3 | 50 75 125 -

Fig. 22. Spatial distribution of maximum daily cemtration of S@

Distributia spatiala a concentratiei maxime orare pentru SO2

- Legenda

- =
r4 _ 5 = = J —
Ly, ShEmeeegpu sl - o Q J e

i VL+MT
Polutant| Averading | Modeled Unit PIE | PSE | VL
time concentrationg 2008
SO, 1h 7,69 - 21,98 png/m3 - - 350 -

Fig. 23. Spatial distribution of maximum hourly cemtration of S@

The limit of daily concentration, PSE and PIE, @ exceeded in Cluj County (Fig.

The limit of daily concentration, PSE and PIE, & exceeded in Cluj County (Fig. 22).

23).
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5.4. PM, Concentration

Distributia spatiala a concentratiei medii anuale pentru PM10

Averagingd Modeled . VL+MT
Polutant time [concentrations Unit PIE | PSE| VL 2008
PM1o an 24,04 - 90,14 pg/m3 - - 40 -

Fig. 24. Spatial distribution of annual averagecsmiration of S@

The limit of the medium annual concentration iseeded in Cluj Napoca and Baciu
village (Fig. 21).

Distributia spatiala a concentratiei maxime zilnice pentru PM10

i VL+MT
Polutant | AVeraging |  Modeled Unit PIE | PSE| WL
time concentrations 2008
PM10 24 h 25,29-171,5p ug/m3 - - 50 -

Fig. 25. Spatial distribution of daily maximum cemtration of PMp

The limit of the medium daily concentration is eaded across the entire area of Cluj
Napoca, extended to suburban Baciu village (Fiy. ZBese exceeded limits are mainly due
to the heating sources of low height, associatedesidential heating, heavy traffic, and

construction zones in the area.
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5.5. Pb Concentration

Distributia spatiala a concentratiei medii anuale pentru Pb

Legenda

g —

1 sj.ﬁy,s-ﬁwmnsasu}m.a \ i d“ﬂ"&’ ' | I:I-*-

Polutant [Veraging  Modeled |-, | e | pge| v | VEEMT
time concentrations 2008
Pb an 0,024 - 0,045| ng/m3 0,25 0,35 0,5 -

Fig. 26. Spatial distribution of annual averageasoriration of Pb

The limit of the medium annual concentration, PSE &IE is not exceeded across

Cluj County area (Fig. 26).

5.6. CO Concentration

Distributia spatiala a valorilor maxime zilnice ale concentratiilor medii pe 8 ore pentru CO

Legenda

Polutant [\Veraging  Modeled unit | PIE |PsE| wi | VEIMT
time concentrations| 2008
(ef@] 8h 0,40 - 4,40 mg/m3 5 7 10 -

Fig. 27 Spatial distribution of maximum daily contmtion (8-hour average) of CO

The limit of the maximum daily concentration (8 e} PSE and PIE is not exceeded

across Cluj County area (Fig. 27).
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5.7. CegHg Concentration

Distributia spatiala a concentratiei medii anuale pentru C6H6

e D s S |

. .| Unitate
Timp de | Concentratii VL+MT
Poluant mediere modelate 'de 9 PIE PSE| VL 2008
masuri
Benzen an 0,219 - 4,39| pg/m3 2 3,5 5 7

Fig. 28 Spatial distribution of annual average @wiation of GHe

The limit of the medium annual concentration is exteeded across Cluj County area

(Fig. 28).

Chapter VI. Conclusions and personal contributions

Air pollution represents a great challenge of teeent decades, due in part to the

aggressiveness of pollutants upon human healthalbatto their impact on all environmental

components — air, water, soil, vegetation.

Our studies, carried out in Cluj County during 2€BDA1, revealed higher then limit

values for the PN} indicator; this fact is due to:

Road traffic (linked to the Diesel fuel consumptimntrucks and cars)

Construction zones, which increased in number du2B07-2009

Application of deicing and non-skidding materiatsroads during winter

The fossil fuel burning facility in Cluj County (I&), with installed capacity larger
than 50 MW)

Local sources, in increasing numbers, due to cowdy industrial development,
during 2008-2009

These studies led to assessments with respect tquality in Cluj County, and to

conclusions aimed at measures aimed at reducimgtipal in Cluj County, particularly Ph.
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Such measures should aim at:
» Infrastructure redesign and modernization, cournew
» Widening mass transportation options
» Larger parks and park areas and proper mainterarsteh
» Assurance of the necessary parking lots and spaces
» Facilitation of bicycle use for daily activity
» Irrigation systems in the central city zones
* Enhancements to the road maintenance by:
- Using non-polluting anti-skidding materials andchanical road cleaning means
- Regular cleaning of urban streets and sidewalks
- Proper maintenance of parks and park areasganimg the grassed areas around
roundabouts and roadsides
» Stricter criteria for the issuance of constructp@mmits by:
- Mandatory use of wet protection curtains, pattrly in demolition activities, to
prevent dust dispersion
- Obligation of washing the vehicle tires upoiitiag construction zones
- Isolation of construction zones to restrictessiexit to specially designed ways
- Tight coverage of vehicles transporting corgton materials
- Direct storage on containers of all materiaderf construction activities
- Immediate removal of refuse and residual préglbg properly equipped vehicles
Numerous studies carried out within the Europeanotms well as Romania,
emphasize the seriousness of air pollution upon dmurmealth, particularly the airborne
particles. A series of conservative estimates, dase specialty studies, demonstrate that
several adults and children under one year of alge die every year could be saved by
imposing cleaner air norms.
It is very important that each and all of us tdieeathe importance of these facts and
individually and collectively contribute to imprang the air quality and implicitly, to a better

health state for the population.
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