
Figure 5. Correlations between elements (Zinc and Vanadium) in
fine PM fraction and endpoints (Cells and LDH). (A) Correlation
between Vanadium concentration in atmospheric PM samples and
extracellular LDH in bronchoalveolar lavages. (B) Correlation
between Vanadium concentration in atmospheric PM samples and
cellular infiltration in bronchoalveolar lavages. (C) Correlation
between Zinc concentration in atmospheric PM samples and
cellular infiltration in bronchoalveolar lavages. In grey dots are
represented the Santiago samples and in green dots are
represented the Concepción samples.

Table 2. Slope, R2 and P value calculated from linear
regression between different magnitude endpoints
and elements concentration present in samples. Only
Vanadium and Zinc in fine fraction were correlated
with magnitude of toxicity and inflammatory
endpoints.
* and bold= p‹0.05
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Place Start date
Finish 
date

Season
Mean (PM2.5) 
Concentration 

µg/m3

Instilled mg 
per rat

Pudahuel 14-07-08 21-07-08 Winter 40.25 0.805

Parque 
O`Higgins

14-07-08 21-07-08 Winter 38.74 0.775

Pudahuel 21-07-08 28-07-08 Winter 40.11 0.802

Parque 
O`Higgins

21-07-08 28-07-08 Winter 32.64 0.653

Concepción 06-08-08 13-08-08 Winter 23.66 0.473

Concepción 13-08-08 20-08-08 Winter 14.46 0.289

Concepción 20-08-08 27-08-08 Winter 10.75 0.215

Concepción 27-08-08 03-09-08 Winter 7.69 0.154

Parque 
O`Higgins

20-10-08 27-10-08 Spring 13.19 0.264

Parque 
O`Higgins

27-10-08 03-11-08 Spring 14.56 0.291

Las Condes 20-10-08 27-10-08 Spring 14.59 0.292

Las Condes 27-10-08 03-11-08 Spring 15.49 0.310

Table 1. Sampling Plan. Samples were performed in winter and
spring. The chosen places were Concepción and Santiago. Both
places have high PM10 concentrations. In other hand the instilled PM
quantities were proportional to weekly PM concentration. Elemental
and gravimetric analysis were done at CHESTER LabNet.
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ABSTRACT

Particulate matter (PM) is an environmental pollutant
defined as solid and liquid particles suspended in the air.
The effects of this pollutant in people health have been
widely described and the degree of toxicity at
pulmonary level has been associated with the size and
composition of the particles. Cellular processes such as
oxidative stress, inflammation with the consequent cell
destruction have been proposed as related factors in the
pulmonary injury produced by PM (Pope and Dockery
2006).
The present study deals with an implemented
methodology for assessing the toxicity of particulate
matter in vivo using rats as a model and a standard
sample of particles. Using intratracheal instillation we
injected a liquid sample containing PM extracts into the
lungs. Then, we determined the levels of LDH (Lactate
Dehidrogenase), total protein (measure of tissue
damage) and infiltration of cells (measure of
inflammatory responses) in the bronchoalveolar lavage
of rats exposed to PM. We optimized variables such as
time of exposure and dose for obtaining a maximum
response in a linear range. The optimal measurement
variables were defined as a maximum dose of 1
milligram of PM and a post-instillation time of 24 hours.
Using these optimized exposure scheme we studied air
samples from the two largest Chilean cities was done.
For analysis, twelve weekly samples were collected in
Santiago (5.5 million inhabitants) and Concepción (1
million inhabitants) during year 2008 during winter and
spring season and separated by particle size (PM2.5 and
PM2.5-10). The Samples were extracted in methanol
(Jalava et al. 2005) (obtaining soluble material and
insoluble material carried by the solvent). Then samples
were dried and resuspended in saline solution by
sonitcation to test possible effects of PM in the
respiratory system of rats. subsequently, samples were
instilled into rat lungs through intratracheal instillation.
The effect of PM toxicity was assessed measuring
previously optimized markers (LDH, total protein and
infiltration of cells). Parallel atmospheric samples were
collected and analyzed for mass and elemental
composition. To assess association we performed
regression and correlation analyses for each outcome
versus mass and elements concentrations individually.
We found a significant statistical correlation between
some transition metals (vanadium and zinc) and toxic
markers, but not with the total amount of PM. The
correlation between elements had a Pearson correlation
coefficient of 0.63 between Vanadium and total protein,
0.61 between Vanadium and LDH and 0.61 between Zinc
and LDH. Meanwhile, the correlation of PM with
markers and the Pearson coefficients were 0.31 to
protein, 0.50 to LDH and 0.09 to infiltration of cells.
Similar results have been observed in previous studies
(Kodavanti et al. 1998; Kodavanti et al. 2001; Merolla
and Richard 2005).
We conclude that there exists a larger effect of some
transition metals or compounds associated with those
metals, to pulmonary toxicity. These results suggest that
the composition of the particles might be a better
predictor of pulmonary health impacts than mass
concentrations.

OBJECTIVE

1- Standardize a methodology to measure the acute
pulmonary toxicity in rats instilled with atmospheric
particulate matter extracts
2- Correlate the pulmonary toxicity of different air
samples collected in two cities of Chile with particle
mass and elements concentrations

CONCLUSIONS

Our results suggest that the metals Zinc and Vanadium
or compounds associated with these metals could be
important mediators in toxicity produced by PM. These
results highlight the importance of PM composition
compared to total PM mass Standardize a methodology
to measure the acute pulmonary toxicity in rats instilled
with atmospheric particulate matter extracts
Correlate the pulmonary toxicity of different air samples
collected in two cities of Chile with particle mass and
elements concentrations
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Figure 4. Experimental procedures to obtain a atmospheric PM sample. (A) Cascade impactor which collect different PM fractions:
PM›10, PM10-2.5, PM2.5-0.1 and PM‹0.1 (Demokritou et al. 2004). (B) Substrates composed by polyuretane foam (PUF) that collects
particulate matter (Kovauras and Koutrakis 2001). (C) PM re-suspended in saline solution to instillate in rat lungs.
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ATMOSPHERIC PARTICULATE MATTER SAMPLING METHOD

Figure 1: Flow chart: showing the steps required for the
collection, treatment and evaluation of samples of
particulate matter.
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Figure 2: Intrataqueal instillation: Rats
were instilled with particulate material
extracts (Diesel soot, NIST 2975 SRM)
resuspended in 0.9% NaCl. After a
post-instillation time, rats are
euthanized and markers of lung injury
are analyzed in bronchoalveolar lavage.
The parameters optimized in this
process correspond to the dose and
post instillation time.
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Figure 3: Different variables in methodology were optimized. A) The number of bronchoalveolar lavage fluid per rat
was studied and determined using the first three lavages. Since from the fourth to seventh lavages there was no
difference between treated and control group. B) The dose was adjusted to find maximum response. A dose of 1 mg
per rat produced a peak in the measured response for all markers, using a post-instillation time of 24 hours. C) The
post-instillation time was adjusted to find a maximum response. A 24-hour period produces a peak in the measured
response for all markers, using a dose of 1 mg of PM per rat.

0

1

2

3

4

1 2 3 4 5 6 7

LD
H

 (
U

.A
.)

/m
l

Lavages

Control rat (NaCl 0.9%) Control rat (NaCl 0.9%)

Treated rat(DS 3 mg/rat) Treated rat (DS 3 mg/rat)

*

Parameters Optimization Atmospheric Samples Assessment

Methods Methods

Results

Results

ConclusionConclusion

A

C

B

The measurement optimal parameters were determined using a standard sample of particulate matter, obtaining
that 1 mg of PM extracts instilled per rat allows significant measurements after 24 hours post-instillation.

The metals Zinc and Vanadium or compounds associated with these metals could be important mediators in toxicity produced by PM
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FINE FRACTION PM
LDH Cellular Infiltration

Element R2 slope P value R2 slope P value

Al 0.01 0.33 0.717 0.13 153.26 0.252
Si 0.01 0.08 0.824 0.10 60.28 0.310
S 0.06 -0.14 0.438 0.00 9.27 0.886
K 0.12 0.49 0.273 0.27 68.32 0.081

Ca 0.03 0.46 0.616 0.13 152.14 0.244
Ti 0.04 5.08 0.527 0.17 1421.62 0.181
V* 0.39 121.65 0.029 0.37 8610.90 0.035
Mn 0.11 6.39 0.284 0.28 1047.19 0.077
Fe 0.06 0.28 0.461 0.20 66.97 0.146

Zn* 0.17 2.08 0.181 0.38 269.93 0.034
Br 0.01 2.66 0.749 0.13 1433.22 0.241
Pb 0.02 1.31 0.676 0.14 535.87 0.239

PM2.5

(μg/m3) 
0.10 0.00 0.321 0.25 10.34 0.097


