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Abstract Epidemiological studies have shown that air

particulate matter (PM) can increase respiratory morbidity

and mortality being the lungs the main target organ to PM

body entrance. Even more, several in vivo and in vitro

studies have shown that air PM has a wide toxicity spectra

depending among other parameters, on its size, morphol-

ogy, and chemical composition. The Reconquista River is

the second most polluted river from Buenos Aires, and

people living around its basin are constantly exposed to its

contaminated water, soil and air. However, the air PM from

the Reconquista River (RR-PMa) has not been character-

ized, and its biological impact on lung has yet not been

assessed. Therefore, the present investigation was under-

taken to study (1) RR-PMa morphochemical characteristic

and (2) RR-PMa lung acute effects after intranasal instil-

lation exposure through the analysis of three end points:

oxidative stress, inflammation, and apoptosis. A single

acute exposure of RR-PMa (1 mg/kg body weight) after

24 h caused significant (p \ 0.05) enrichment in bron-

choalveolar total cell number and polymorphonuclear

(PNM) fraction, superoxide anion generation, production

of pro-inflammatory cytokines TNF-a and IL-6, and

induction of apoptosis. It was also observed that in lung

homogenates, none of the antioxidant enzymes assayed

showed differences between exposed RR-PMa and control

mice. These data demonstrate that air PM from the Re-

conquista River induce lung oxidative stress, inflammation,

and cell death therefore represents a potential hazard to

human health.

Air pollution results from a complex mixture of gases and

particles. Its composition varies with the occurrence of

diverse gases concentrations and particles from suspended

soil components, biological sources, and combustion-

derived components from industrial and engine technolo-

gies (Forastiere et al. 2005). Every day exposure to air-

borne particulate matter (PM) pollution in urban areas is

associated with increased morbidity and mortality mainly

due to cardiorespiratory diseases (Krewski et al. 2000;

Pope et al. 2009; Saldiva 1998; Beelen et al. 2009).

Epidemiologic findings indicate that the greatest health

risks correlate with smaller particles, which have the ability

to reach deeper into the lungs (Oberdorster 2001). How-

ever, PM biologic effects seem to vary among different

urban areas, which could partially be explained due to its

different emission sources and composition (Schins 2002;

Perrone et al. 2013). In particular, components such as

transition metals and polycyclic aromatic hydrocarbons,

either through adherence to the core particle or as an

integral component of the particle, are known to be asso-

ciated with PM unfavorable health effects (Dreher et al.

1997; Dye et al. 2001; Nel et al. 2001). Proposed mecha-

nisms behind PM-induced health effects are oxidative

stress (Nel et al. 2001; Tao et al. 2003) and inflammation

associated injury (Dick et al. 2003; Ghio and Devlin 2001).
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The Reconquista River (RR), one of the most polluted

watercourses in Argentina, receives effluent discharges

from heavily industrialized and highly populated settle-

ments. During winter and summer time, the floodplain

remains dry, producing the oxidation of sulfide and organic

matter present in the soil, thus making heavy metals more

bioaccessible. Dispersion of soil particles occurs, and thus

harmful effects on the pulmonary health of residents and

workers inhabiting the RR bank may take place.

In this context, we recently analyzed the composition

and biological impact of the PM from RR sediment (RR-

PMs) on lung mice (Ferraro et al. 2012). We showed that

RR-PMs composition includes particles of heterogeneous

sizes (agglomerates PM10 and PM2.5) with the presence,

in its bioaccesible phase, of metals traces such as lead (Pb),

cadmium (Cd), chromium (Cr) and sulfur (S) and that the

cytotoxic and proinflammatory effects found in the respi-

ratory tract are mostly determined by its metal content.

Since a direct correlation between the impact on health

induced by RR-PMs plausible to get suspended and

because air particles from the same area may not be con-

sistent, the purpose of the present study was to (1) collect

and morphochemically characterize airborne PM from the

Reconquista River (RR-PMa); and (2) determine whether

RR-PMa compromises pulmonary function due to an

imbalance in the oxidative metabolism. To elucidate RR-

PMa’s biological impact, we acutely instilled RR-PMa into

mice lungs and studied the production of free radicals and

antioxidant enzymes either in bronchoalveolar lavage fluid

(BALF) cells or in lung homogenates. Furthermore, we

evaluated the proinflammatory production and cell death in

BALF cells from control and exposed mice as possible

targets of oxidative metabolism imbalance.

Materials and Methods

Drugs and Chemicals

Nitroblue tetrazolium (NBT), 12-O-tetradecanoylphorbol

13-acetate (TPA), ethylenediaminetetraacetic acid, phos-

phate buffer saline (PBS), polyvinylpyrrolidone, parafor-

maldehyde, bovine albumin, and all histological dyes

employed were purchased from Sigma-Aldrich (MI, USA).

Purified monoclonal antibodies for interleukin 6 (IL-6) and

tumor-necrosis factor (TNF-a) were purchased from BD

Pharmingen (CA, USA).

Site Description and Air Sampling

Samples were collected in ‘‘La Carcova,’’ a poor neigh-

borhood located on the north side of the Buenos Aires city

(location-34.521205, -58.584042) by the RR during

summer time (temperature 25.2 �C, humidity 64 %, wind

5 km/h, wind direction northeast, pressure 1011.7 h Pa,

rainfall 41.6 mm [total]). The inhabitants of this neigh-

borhood are subject to PM air pollution arising from (1)

motor vehicle emission from the nearby highway, (2)

heavily contaminated dry RR floodplain, (3) bordering

dumpsites, and (4) nearby activity of a clay industry

located at a distance \2000 m (Fig. 1, GoogleMaps).

A MiniVol Portable Air Sampler (Airmetrics, OR, USA)

with 2.5-lm cut-point impactors using a flow rate of

5 L min-1 was employed (Baldauf et al. 2001). The sam-

ples were collected on Teflon filters (37 mm, Pleion, 0.8-

lm pore size), and each filter was placed in a clean plastic

cassette during transport and storage. The filters were

weighed (after moisture equilibration) before and after

sampling to determine the net particulate mass gain with a

microbalance (Mettler M3, weighing accuracy of 1 lg),

using a source to remove the electrostatic charge.

Particle Characterization

Scanning electron microscopy (SEM) and energy disper-

sive X-ray spectroscopy (EDX) were employed to analyze

particle morphology and chemical composition. For SEM

observations, collected particles were coated with gold by

direct current sputtering. Stub preparations were examined

in a quanta SEM FEG-S50 (FEI, OR, USA). Chemical

composition was analyzed with a Phillips SEM 505 (FEI,

OR, USA) coupled to a EDX dispersion detection unit

(EDAX Inc., NJ, USA).

Animal Exposure to Air Particle Matter From RR-PMa

Young male BALB/c mice (1–2 months old) were obtained

from the animal facilities of the School of Exact and

Natural Sciences, University of Buenos Aires. Animals

were housed and fed a normal protein diet ad libitum at the

breeding facility of the School of Science and Technology,

University of San Martı́n, for use throughout these exper-

iments. Housing was performed according to the Care and

Use of Laboratory Animals from the National Institutes of

Health Guide. All experiments act in accordance with local

ethical guidelines (Ethical Committee from the National

University of General San Martı́n).

BALB/c mice were exposed to RR-PMa by intranasal

instillation. This technique is effective and noninvasive and

is commonly used in toxicity studies (Leong et al. 1998)

where the distribution pattern of particles is of crucial

importance. Briefly, this instillation technique consists in

deliver drop-wise the particle suspension or the vehicle to

the nares, using a micropipette, while the mouse is in a

supine position (Southam et al. 2002). Animals were

lightly anesthetized intraperitoneally with 1 ml/kg bw of
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xylazine (2 %) and ketamine (50 mg/ml) and intranasally

instilled with 50 ll of free-particle PBS (control group) or

1 mg/kg bw RR-PMa suspended in the same vehicle

(exposed animals). For the acute exposure, particles from

the RR were suspended in sterile PBS and sonicated during

10 min before use.

Animals were killed 24 h after intranasal instillation

with an overdose of xylazine–ketamine. The selection of

the RR-PMa dose was based on previous studies where

acute PM effect was analyzed (Ferraro et al. 2011; Mag-

nani et al. 2011; Gurgueira et al. 2002; Ghio et al. 2002;

Nurkiewicz et al. 2006; Marchini et al. 2013).

From all control and exposed RR-PMa animals, BALF

fluid was obtained and the following end points evaluated:

total cell number (TCN), cell differential, superoxide anion

production, proinflammatory cytokines, and apoptosis.

Antioxidant enzyme analysis was performed in lung tissue

homogenates (Fig. 2).

Broncho Alveolar Lavage Fluid (BALF)

BALF was obtained as previously described by our group

(Tasat and de Rey 1987). Briefly, the thoracic cavity was

partly dissected and the trachea cannulated with an

18-gauge needle. The excised lung was then gently mas-

saged and lavaged 12 times with 1 ml of cold sterile PBS.

BALF was immediately centrifuged at 8009g for 10 min

at 4 �C, and TCN was determined using a Neubauer

chamber.

Total Cell Number (TCN) and Differential Cell

Count (DCC)

Bronchoalveolar lavage TCN was determined with a

Neubauer chamber. DCC was determined after cell fixation

with methanol and staining with hematoxylin–eosin. At

least 200 cells in each sample were counted by light

microscopy (Ferraro et al. 2012).

Superoxide Anion Generation

Superoxide anion (O2
-), a main reactive oxygen species

generated during the respiratory burst, was evaluated using

the NBT test (Segal 1974). BALF cells were treated with

Fig. 1 Satellite photograph of

La Carcova neighborhood and

surroundings. 1 highway

Camino del Buen Aire, 2 RR, 3

active landfill, 4 clay industry, 5

sample site, 6 residential zone, 7

RR’s streams, 8 and 9 landfill.

The white dotted line represents

the boundaries of La Carcova

Fig. 2 Experimental protocol diagram. Animals were randomized

into two groups and exposed to intranasal instillation with PBS

(control) or exposed to RR-PMa particle (1 mg/kg bw). All biological

parameters were determined 24 h after animal exposure
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NBT in the presence or absence of 12-O-TPA, a known

inductor of O2
- production. All tubes were incubated with

NBT for 45 min at 37 �C. O2
- intracellular production is

evidenced by the amount of a blue formazan precipitate in

the cells after NBT reduction. Cells were scored by light

microscopy as described elsewhere (Molinari et al. 2000).

Tissue Homogenates and Protein Determination

Lung samples (0.2 g wet weight) from control and exposed

BALB/c mice were homogenized in PBS at 0–4 �C. The

suspension was centrifuged at 6009g for 10 min at 4 �C to

remove cell debris (Evelson and Gonzalez-Flecha 2000).

The pellet was discarded and the supernatant used for

antioxidant activity determinations. Protein was measured

by the method of Lowry et al. (1951) using bovine serum

albumin as the standard.

Superoxide Dismutase (SOD) and Catalase (CAT)

Activities

SOD activity was determined spectrophotometrically by

measuring the inhibition rate of the autocatalized formation

of adenochrome at 480 nm in a reaction medium contain-

ing 1 mM of epinephrine and 50 mM of glycine/NaOH

(pH 10.5) (Misra and Fridovich 1972). Enzymatic activity

was expressed as units (U) per milligram of protein. One U

is defined as the amount of enzyme that inhibits the rate of

adrenochrome formation by 50 %. CAT activity was

determined by measuring the decrease in absorption at

240 nm in a reaction medium consisting of PBS and

20 mM of hydrogen peroxide (Maehly and Chance 1954).

Results were expressed as arbitrary units (AU) of CAT

activity per milligram of protein.

Proinflammatory Cytokine Production

Production of proinflammatory cytokines was evaluated in

BALF of control and RR-PMa-exposed animals. Tumor

necrosis factor alpha (TNF-a) and interleukin 6 (IL-6)

were evaluated on the first milliliter of BALF. Supernatants

were kept frozen at -20 �C until use. Both cytokines were

detected using a specific enzyme-linked immunosorbent

assay (ELISA). Briefly, ELISA plates (Corning, Newark,

California) were coated with 1:125 TNF-a or 1:83 IL-6

specific capture antibody diluted in coating buffer (0.1 M

of sodium carbonate [pH 6] for TNF-a or 0.1 M of sodium

phosphate [pH 9.5] for IL-6) at 4 �C overnight. Wells were

washed (0.05 % Tween 20) and blocked with PBS con-

taining 10 % fetal bovine serum for 2 h at room tempera-

ture (RT). Cytokine standards and samples were added to

wells in triplicate and incubated at 4 �C overnight. After

three washes, biotinylated cytokine-specific detection

antibodies 1:250 were added for 1 h. After washing, the

detection agent streptavidin–peroxidase was used with the

substrate tetramethylbenzidine for 30 min. Absorbance

was measured at 655 nm on a microplate reader (Bench-

mark; BioRad, CA, USA).

Morphological and Immunocytochemical Evaluation

of Apoptosis

Morphological evaluation of apoptosis was performed in

BALF cells of control and RR-PMa-exposed mice. Cells

were washed twice with PBS, fixed in acetic-methanol

(1:3) for 10 min, and stained with 5 lg/ml of Hoechst

33258 in PBS for 15 min. Morphological features, such as

pyknosis and nuclear fragmentation (Singhal et al. 1998),

were examined under 460 nm in a fluorescent light

microscope (Axioskop Microscope; Carl Zeiss,

Oberkochen, Germany).

Immunocytochemical determination of apoptosis was

performed by the detection of active caspase-3 and cleav-

age of poly ADP-ribose polymerase (PARP). Control and

exposed BALF cells were fixed in 4 % paraformaldehyde

for 20 min at RT and permeabilized with 0.2 % Triton

X-100 for 7 min. Subsequently, cells were blocked with

blocking buffer (PBS 0.1 %, Tween 20, and 5 % normal

serum) in a moist chamber for 2 h. Then cells were incu-

bated with primary antibody against either active caspase-3

(1:500) or 85-kDa PARP cleavage fragment (1:250) for

2 h. Then all wells were washed twice with PBS and twice

with PBS/0.1 % Tween 20. To localize the expression of

these apoptotic markers, cell smears were incubated with a

secondary antibody conjugated to Cy3 (1:250) for 60 min

and the reaction visualized under a fluorescent light

microscope (Axioskop Microscope; Carl Zeiss, Oberko-

chen, Germany).

Statistical Analysis

The results corresponding to the end points for control and

exposed animals were compared by Student t test or one-

way analysis of variance (ANOVA) with Tukey’s multiple

comparisons post test. Statistical significance was set at

p \ 0.05. The number of animals and experiments for each

group (control and exposed) are shown in the legends of

each figure.

Results

Morphological and Chemical Analysis of RR-PMa

RR-PMa morphology was analyzed by SEM. As shown in

Fig. 3AI, RR-PMa ranged from 0.1 lm (ultrafine) to 10 lm
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(fine) particle size. Chemical composition analysis by EDX

showed the presence of a carbonaceous core containing

traces of aluminum silicates, magnesium, potassium, iron,

calcium, chlorine, titanium, and sulfur (Fig. 3AII).

Based on their size and shape, mainly two very different

particle populations can be described: (1) small spherical

ultrafine particles (\0.1 lm) free or grouped in agglom-

erates resembling bunches of grapes (Fig. 3BI, black

arrow); or (2) larger nonspherical particles (\10 lm)

(Fig. 3BI, white arrow). EDX analysis showed that ultra-

fine particles are composed mainly by the carbon element

(Fig. 3BII), whereas larger particles presented mostly alu-

minum silicates, ions, and trace metals (Fig. 3BIII).

BALF Analysis from Control and RR-PMa-Exposed

Mice

As shown in Fig. 4A, RR-PMa intranasal instillation

induced a significant increase in TCN compared with con-

trols. Then we evaluated the contribution of different cell

populations in BALF by quantifying the percentage of

alveolar macrophages (AM), polymorphonuclear cells

(PMN), and lymphocytes (L).

BALF obtained from control nonexposed animals elicited

a normal cell population distribution characterized by

86.0 ± 1.1 % of AM and 11.7 ± 0.8 % of PMN. In con-

trast, as shown in Fig. 4B, instillation of RR-PMa provoked

Fig. 3 Morphological and chemical analysis of RR-PMa. AI SEM

microphotograph of RR-PMa shows particle heterogeneous morphology.

Magnification = 9150, scale = 100 lm. Inset magnification =

95000, scale = 20 lm. AII EDX analysis of the whole sample

including all particle sizes. EDX shows the characteristic elemental

chemical composition (intensity in function of energy in KeV). BI SEM

microphotograph of RR-PMa shows ultrafine particles (black arrow) and

fine particles (white arrow) ranging from\1 lm and 1–10 lm aerody-

namic diameter size, respectively. Magnification = 980,000, sca-

le = 0.5 lm. EDX from BII ultrafine, and BIII fine particles
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a significant increase in PMN percentage (RR-PMa =

22.8 ± 3.9 % vs. control = 11.7 ± 3.4 %; n = 15,

p \ 0.001, Student t test). It is worth to note that the per-

centage of L always remained \3 % irrespective of

treatment.

Superoxide Anion Generation

RR-PMa exposure induced a significant increase of the per-

centage of reactive BALF cells compared with controls (RR-

PMa = 68.2 ± 2.5 % vs. control = 40.7 ± 5.6 %; n = 6,

p \ 0.001, Student t test). RR-PMa and TPA, employed as a

positive control, induced superoxide anion generation reaching

almost similar reactive cell percentages (Fig. 4C).

Antioxidant Enzymes Activities in Mouse Lung

Homogenates

SOD are a group of antioxidant enzymes that catalyze the

dismutation of superoxide anion to oxygen and hydrogen

peroxide, whereas CAT is the main detoxifying system for

hydrogen peroxide.

As shown in Fig. 5, neither SOD nor CAT activities

assayed in lung homogenates showed significant differ-

ences between RR-PMa and control mice (SOD:
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BALF from control and RR-PMa-exposed mice were obtained 24 h

after instillation and assessed either for A TNF-a or B IL-6. Both

proinflammatory cytokines were measured by ELISA. Data are

mean ± SEM, n = 8, *p \ 0.05 (Student t test)
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control = 17.7 ± 5.3 vs. RR-PMa 15.4 ± 2.9 U/mg prot

and CAT: control = 19.1 ± 8.3 vs. RR-PMa = 17.8 ±

3.7 AU/mg protein, n = 5, p [ 0.05, Student t test).

Proinflammatory Cytokine Levels

As seen in Fig. 6, the two pro-inflammatory cytokines,

TNF-a and IL-6, were significantly greater in BALF

supernatant from RR-PMa-exposed mice compared with

control animals (TNF-a control = 228 ± 12 vs. RR-PMa

320 ± 34 ng/ml; IL-6 control = 191 ± 18 vs RR-PMa

306 ± 37 ng/ml; p \ 0.05, Student t test).

Morphological and Immunocytochemical Evaluation

of Apoptosis

Morphological analysis using nuclear fluorescent Hoechst

33258 stain showed that RR-PMa induced a significant increase

in the percentage of apoptotic cells in BALF. A representative

microphotograph with normal cells eliciting homogeneous

chromatin nuclei and apoptotic cells featuring condensed

chromatin (arrows) are shown in Fig. 7A. Quantification of the

apoptotic process in both control and exposed RR-PMa mice

(control = 16.3 ± 2.2 % vs. RR-PMa 29.7 ± 2.9 %, n = 5,

p\0.05, Student t test) is shown in Fig. 7B.

The evaluation of two biological markers of apoptosis,

active caspase-3 and cleaved PARP, is shown in Fig. 7C, D.

The immunocytochemical study showed that RR-PMa was

able to induce an increase in both active caspase-3 (control =

30 ± 4 % vs. RR-PMa = 52 ± 5 %; p \ 0.001, Student

t test) and cleaved PARP positive cells (control = 28 ± 5 %

vs. RR-PMa = 51 ± 5 %; p \ 0.01, Student t test).

Discussion

In this work we analyzed the physicochemical composition

and biological effect of air PM from a semiurban location

called La Carcova in the north outside area of Buenos Aires

City (RR-PMa). To our knowledge, this is the first attempt

to characterize and analyze RR-PMa morphochemical

composition and biological effect. Our results show that

RR-PMa is composed of particles with heterogeneous sizes

ranging from fine to ultrafine. Based on their chemical

composition, ultrafine particles could arise from vehicle (a

highway called ‘‘Camino del Buen Aire’’) and biomass
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Fig. 7 Effect of RR-PMa on

BALF cell apoptosis.

A Representative

microphotograph from RR-PMa

BALF showing nuclear staining

by Hoechst 33342. Arrows

indicate apoptotic condensed

nuclei. Magnification 91000.

B Quantification of percentage

(%) of cells in apoptotic process

in both control and RR-PMa-

exposed BALF. Data are

mean ± SEM, n = 5,

*p \ 0.05 (Student t test).

C and D Immunohistochemical

analysis of active caspase-3 and

cleaved PARP. C Quantification

of percentage (%) of active

caspase-3-positive cells. Data

are mean ± SEM, n = 14,

***p \ 0.001 (Student t test).

D Quantification of percentage

(%) of cleaved PARP-positive

cells. Data are mean ± SEM,

n = 7, **p \ 0.01 (Student

t test)
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combustion (nearby landfills and industries [see clay

industry location on the map]) as the main emission sour-

ces. It is noteworthy that particles emitted from diesel

engines are typically in the size range of 0.1 lm (ultrafine)

and can also carry carcinogenic compounds adsorbed on

their surface, such as benzopyrenes (Li et al. 2000; Schins

2002; Perrone et al. 2013).

On the contrary, and in agreement with previous work

published by our group (Ferraro et al. 2012), larger parti-

cles presenting metal traces on their composition could

derive mainly from the dry RR basin soil. In this zone,

wind causes particle suspension moving dust grains con-

taining aluminosilicates (Al2O3 and SiO2), major compo-

nents of clay minerals, from the river basin into the

populated area. Prolonged and unprotected exposure of

inhabitants to RR-PMa can induce respiratory (silicosis,

lung cancer, etc.) and eye [keratoconjunctivitis sicca (‘‘dry

eyes’’)] diseases (Araujo 2010; Torricelli et al. 2011;

Andreau et al. 2012).

The TCN and CCD in BALF are well-established param-

eters to identify inflammation events in the respiratory tract. In

control mice, BALF AM are abundant, whereas PMN cells are

rare with PMN percentage being a sensitive marker of lung

inflammation (Henderson 2005). Thus, to analyze the acute

biological impact on the respiratory system, mice were intra-

nasally instilled with RR-PMa and TCN and CCD assayed. In

agreement with other studies (Mantecca et al. 2010) we found

an increase in TCN and altered BALF cell composition.

Direct reactive oxygen species generation by air pollution

particles is attributed to both size and composition (Osornio-

Vargas et al. 2003; Miller et al. 2012; Oberdorster 2001). It is

well known that the smaller the particle (greater surface-to-

volume ratio), the more toxic its effect (Araujo 2010; Ris-

tovski et al. 2012). In particular, inhaled small particles can

not only reach and accumulate in the lung alveoli triggering

macrophages and PMNs superoxide anion generation in the

lung, but they can cross cell membranes, spread into the

bloodstream, and deposit in distant organs, thus increasing

their persistence and harmfulness.

Regarding particle chemical composition, although it is

believed that metals alter electron transport and also

decrease levels of antioxidants, organic compounds act

through redox cycling of quinone-based radicals and anti-

oxidant depletion by reactions between quinones and thiol-

containing compounds.

In our study, the superoxide anion increase observed in RR-

PMa-exposed mice could be an adaptive response to both its

small size and its composition (metallic traces in the fine and

volatile organic compounds in the ultrafine particles).

Furthermore, RR-PMa induced secretion of TNF-a and

IL-6, two pro-inflammatory cytokines. These results are

consistent with previous observations where particles from

different sources trigger pulmonary inflammation (Rosas

Perez et al. 2007; Dick et al. 2003). Considering the

complexity of PM composition related to multiple sources,

it is not easy to speculate which components are respon-

sible for activating the molecular mechanisms able to

induce TNF-a and IL-6 secretion. The use of specific

inhibitors of PM components or PM fractions might shed

light on this matter.

The increase in proinflammatory cytokines and the

nonresponse of defense antioxidants enzymes may commit

the cell to an altered and lasting oxidative state, which

could lead to cell death (Donaldson et al. 2003; Chirino

et al. 2010). In fact, we found that both the percentage of

active caspase-3 and PARP-positive cells augmented in

BALF from RR-PMa-exposed mice.

We believe that the release of superoxide anion in

response to RR-PMa could be the key orchestrating

mediator driving the tissue to an oxidative state, which in

turn could initiate a series of cellular and tissue reactions,

including the release of inflammatory cytokines, that ulti-

mately may end in cell injury and/or apoptosis.

This study brings original evidence on the adverse effects

elicited by acute air particle exposure, mainly from anthro-

pogenic origin, on the respiratory tract where the concen-

tration mimics those currently observed in megacities

worldwide (Beijing, China, January 12, 2013 = 755 lg/m3

and October 29, 2013 = 429 lg/m3; New Delhi, India,

January 24, 2013 = 402 lg/m3; Anand Vihar, New Delhi,

India, October 29, 2013 = 999 lg/m3; and Stefanikova,

Kosice, Slovakia, October 29, 2013 = 163 lg/m3). Future

additional studies are needed to elucidate the contribution of

each emission source on the cytotoxicity induced by the air

particles from the RR industrial area and the potential impact

on the health of the suburban population.
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