
Table 4. Slope, R2 and P value calculated from linear
regression between different magnitude endpoints and
elements concentration present in samples: Only
Vanadiumand Zinc in fine fraction were correlated with
magnitudeof toxicityandinflammatoryendpoints.
* andbold=Ǉβ0.05

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 2. Sampling Results: Samples
were performed in winter and spring.
The chosen placeswere Concepción
and Santiago. Both placeshave high
PM2.5 concentrations. In other hand
the instilled PM quantities were
proportional to weekly PM2.5

concentration. Elemental and
gravimetric analysis were done at
CHESTERLabNet.

SAMPLING RESULTS

ABSTRACT

Particulate matter (PM) is an environmental
pollutant defined as solid and liquid particles
suspendedin the air. Theeffectsof this pollutant in
peoplehealth havebeen widely describedand the
degree of toxicity at pulmonary level has been
associatedwith the size of the particles. Cellular
processessuch as oxidative stress, inflammation
with the consequent cell destruction have been
proposedasrelated factorsin the pulmonaryinjury
producedby PM(Liet al. 1997).
The present study deals with an implemented
methodologyfor assessingthe toxicity of particulate
matter in vivo usingrats asa model and a standard
sampleof particles. Using intratracheal instillation
(Brain et al. 1975) 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
variablessuch as time of exposureand dose for
obtaining a maximum responsein a linear range.
The optimal measurementvariableswere defined
as a maximum dose of 1 milligram of PM and a
post-instillationtime of 24hours.
Taken into account these optimal parameters,an
atmosphericsampleassessmentof two big Chileans
cities was done. For analysis, twelve weekly
sampleswere collectedin Santiagoand Concepción
during winter and spring time of 2008 and
separatedby particle size(PM2.5 and PM2.5-10). The
Sampleswere extracted using methanol and later
re-suspendedin saline solution to test possible
effectsof PMin the respiratorysystemof rats. Then,
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 samples were analyzed to determine
elemental composition and statistical methods to
correlate toxicity endpoints and PM composition
wereused.
We found a significant statistical correlation
between some transition metals (Vanadium and
Zinc) and toxic markers, but not with the total
amountof PM.
We conclude that there exists a larger effect of
some transition metals, or compoundsassociated
with those transition metals,to pulmonarytoxicity.
Theseresultssuggestthe compositioncanbe better
predictor than total sum of air pollutant impact on
humanhealth.

OBJECTIVES

1- Designa studyto quantifyandcomparethe acute
lung injury caused by atmospheric particulate
matter samples.
2- Correlatethe pulmonarytoxicity of different air
samplescollectedin two citiesof Chilewith particle
massandelementalconcentrations.

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 compositioncomparedto total
PMmass.
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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

( g˃/m3) 
0.10 0.00 0.321 0.25 10.34 0.097

Sampling Place
(Region)

Sampling 
Sites

Season
Weekly 
Samples

Santiago

Pudahuel Winter 2

Parque ÓHiggins Winter 2

Las Condes Spring 2

Parque ÓHiggins Spring 2

Kingston College Winter 4

B

Santiago Concepción Total

(ng/m3) n aver med min max n aver med min max n aver med min max

MP2.5

(µg/m3) 8 26,2 24,1 13,2 40,3 4 14,1 12,6 7,7 23,7 12 22,2 15,0 7,7 40,3

Al 8 111,7 99,0 38,4 222,9 4 24,0 23,1 15,7 34,1 12 82,5 62,1 15,7 222,9

Si 8 294,6 250,8 146,0 552,4 4 49,5 50,3 33,0 64,4 12 212,9 181,9 33,0 552,4

S 8 816,7 765,6 632,2 1105,2 4 203,3 194,9 143,0 280,4 12 612,2 692,8 143,0 1105,2

K 8 234,9 157,7 113,4 526,4 4 198,1 196,4 98,1 301,4 12 222,7 183,9 98,1 526,4

Ca 8 123,4 112,5 66,2 212,1 4 24,4 27,0 6,1 37,5 12 90,4 79,6 6,1 212,1

Ti 8 12,9 11,7 5,8 22,0 4 2,1 1,7 1,2 3,5 12 9,3 7,3 1,2 22,0

V 8 2,0 1,6 0,9 3,8 4 2,2 2,0 1,7 3,0 12 2,1 1,8 0,9 3,8

Mn 8 13,9 11,0 4,0 31,3 4 3,1 1,8 1,0 8,0 12 10,3 6,7 1,0 31,3

Fe 8 255,8 215,3 110,5 483,9 4 58,2 43,7 27,4 118,0 12 189,9 125,0 27,4 483,9

Zn 8 54,0 44,1 14,4 125,8 4 26,4 19,6 7,1 59,4 12 44,8 23,6 7,1 125,8

Br 8 9,9 7,4 3,1 26,8 4 4,2 2,4 1,9 10,0 12 8,0 4,9 1,9 26,8

Pb 8 23,9 15,1 4,3 63,7 4 5,1 4,7 3,1 7,8 12 17,6 7,9 3,1 63,7

A

CB

Table 3. Elemental Characterization:
Samples were performed in winter and
spring. The chosen places were
Concepción and Santiago. Elemental
analysiswasdoneat CHESTERLabNet. In
the table, the average(aver),the median
(med) , the minimum (min) and the
maximum(max)valuesare showed. For
all measurementsSantiagoshowedhigh
values, except for vanadium where
Concepciónshowedthe highest.

Figure 5. Correlations between elements (Zinc and
Vanadium) in fine PM fraction and endpoints (Cells and
LDH): (A) CorrelationbetweenVanadiumconcentrationin
atmospheric PM samples and extracellular LDH in
bronchoalveolar lavages. (B) Correlation between
Vanadiumconcentrationin atmosphericPM samplesand
cellular infiltration in bronchoalveolar lavages. (C)
CorrelationbetweenZincconcentrationin atmosphericPM
samplesandcellularinfiltration in bronchoalveolarlavages.
In grey dots are representedthe Santiagosamplesand in
greendotsarerepresentedthe Concepciónsamples.

Figure 2. Flow chart: Steps
required for the collection,
treatment andevaluationfor
samples of particulate
matter. The samples were
treated aspreviousvalidated
methanol extraction (Jalava
et al. 2005)

Figure 3. Experimental
equipment to obtain an
atmospheric PM sample:
(A) Cascadeimpactor which
collect different PM fractions:
taγ10, PM10-2.5, PM2.5-0.1 and
taβ0.1 (Demokritou et al.
2004). (B) Harvard Impactor
which collect fine PM in teflon
filters to subsequentchemical
elemental characterization(C)
Substrates composed by
polyurethane foam (PUF)that
collects particulate matter
(KavourasandKoutrakis2001).

C

A

Figure 4. Comparative measurements of Lung injury and inflammatory
responses produced by atmospheric PM 2,5 : The lung injury markers
and inflammatorymarkerswere comparedfor the three experiments.
In the graph,the averageandstandarderror are represented for three
rats(triplicate). Theprotein concentrationwasestimated usingthe BCA
method and expressedasmicrogramsper microlitter (µg/µl) , the LDH
activitywasmeasuredusingthe BioVisionLDHCitotoxicityassaykit and
expressedasArbitraryUnits (A.U.) per mililitter (U.A./ ml). Thecellular
infiltration to lungswas measuredas the number of cells in BALper
mililitter (Cells7 /ml). A) Experimentdone with samplesobtained from
Santiagoduring the winter. B)Experimentdonewith samplesobtained
from Santiagoduring the spring. C) Experimentdone with samples
obtainedfrom Concepciónduringthe winter.
WIN: Winter, CON: Concepción,PU: Pudahuel,PO: ParqueÓ Higgins,

LC: LasCondes.
* : P< 0,05; Ϟ: P<0.1, both with regardto controlgroup.
All analysisweredoneastriplicates(n=3).

Table 1. Study Design. Thestudy was designedto
collect weekly fine PM in two big cities during
springandwinter.

Figure 1. Sampling Sites: Sampleswere taken in Santiago(A) and Concepción(B). Thesecities are urban centers
from Chile. In Santiago,three placeswere chosento collectfine PM. Pudahuel,ParqueO`HigginsandLasCondes. In
Concepciónoneplacewaschosento collectfine PM(KingstonCollege). Pudahuelis locatedto the westof Santiago
in an urbansite nearto a busystreet (1 to 1.5 x 103 vehiclesper day), is influencedby primaryemissionsfrom local
industries,internationalairport andresidentialareas. ParqueÓ Higginsis locatedin a visitedparkat 1.5 kilometers

from a verybusyhighway(Ruta5). LasCondesis locatedto the noreastof Santiagoin a parkand120metersfrom a
street, this placeis characterizedby the highconcentrationof secondarypollutantsasOzoneandOrganicaerosols.
Concepciónis a coastcity locatedin the center of Chile,is an areawith a high industrialactivity assteelworks,oil
refinery, fish industry,papermill, electricpower stationsaswell asemissionsthat comesfrom vehiclesand ships.
KingstonCollegeisa schoollocatedin a hill awayfrom the downtown in a residentialsector.

LUNG INJURY ENDPOINTS VS INSTILLED SAMPLES CORRELATIONS BETWEEN EFFECTS AND 
CHEMICAL COMPOSITION
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