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Santiago de Chile has a high level of air pollution with ozone (03), carbon 
monoxide (CO) and particles equal or smaller than 1 0 /Jm (PM/0) usually 
exceeding the accepted standards. This situation should be noxious for the 
exposed population and particularly -in the case of 0 3 and PM10- for the 
respiratory system. However, such an effect is rather difficult to demonstrate 
and it depends on the type of population under study. 
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INTRODUCTION 

T h e s p e c t r u m of b i o l o g i c a l r e s p o n s e to 
con taminan t exposure might be cons idered 
as a c o n t i n u u m that ini t ia tes wi th organic 
s t o r a g e of c o n t a m i n a n t s , b i o c h e m i c a l 
c h a n g e s a n d o t h e r m o d i f i c a t i o n s of 
uncer ta in s ignif icance. The process may , or 
may not , end in evident nox ious effects on 
hea l th : p h y s i o l o g i c a l c h a n g e s , morb id i ty 
and mor ta l i ty , the latter being the top of a 
pyramid of which the basement represents 
the total affected popula t ion . 

T h e adverse respi ra tory effects ascr ibed 
to a i r p o l l u t i o n ( A m e r i c a n T h o r a c i c 
S o c i e t y , 1985 , 1996) i nc lude the w h o l e 
spec t rum referred to above . Star t ing with 

al tered host defense (mucoc i l i a ry c learance 
and m a c r o p h a g e funct ion) , it may lead to 
d e c r e a s e s in l u n g f u n c t i o n , a i r w a y s 
r e a c t i v i t y a n d b r o n c h i a l a s t h m a 
e x a c e r b a t i o n o r i n c r e a s e s in r e s p i r a t o r y 
i l l n e s s , l u n g i n f l a m m a t i o n , h e a l t h ca r e 
ut i l izat ion and card ioresp i ra to ry morta l i ty . 
T h e e v i d e n c e l i n k i n g t h e s e e f f e c t s to 
specif ic a t m o s p h e r i c po l lu t an t s (Tab le I) 
c o m e s from the f ie lds of tox ico logy and 
ep idemio logy (Amer i can Thorac ic Society , 
1996). In s o m e cases , the m e c h a n i s m s of 
such a d v e r s e r e s p i r a t o r y ef fec ts a re not 
well under s tood , for e x a m p l e , the excess ol 
m o r b i d i t y and m o r t a l i t y a s s o c i a t e d with 
i n c r e a s e s in P M 1 0 ( A m e r i c a n T h o r a c i c 
Socie ty , 1996). 
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T a b l e I 

Adverse effects of air pollutants* on respiratory system 

I m m e d i a t e or short term e f f e c t s Lorn t e r m e f f e c t s 

Increase in respiratory m o r b i d i t y and morta l i ty 
D e c r e m e n t in lung funct ion 
Inter ference w i t h p u l m o n a r y d e f e n s e m e c h a n i s m s 

D e c r e a s e d F V C and F E V , 
A l v e o l i t i s ( B A L F ) 
B r o n c h i a l o b s t r u c t i o n 
B r o n c h i a l h y p e r r e s p o n s i v e n e s s 

B r o n c h i a l o b s t r u c t i o n 

B r o n c h i a l h y p e r s e c r e t i o n (in h e a l t h y and e s p e c i a l l y in a s t h m a t i c p e o p l e ) 

B r o n c h i a l h y p e r r e s p o n s i v e n e s s 

Increase o f respiratory m o r b i d i t y ( in fant s and c h i l d r e n ) 
P u l m o n a r y e d e m a and f ibros i s ( in h igh c o n c e n t r a t i o n s ) 
D e c r e a s e o f m u c o c i l i a r y c l e a r a n c e 

C h r o n i c bronchi t i s 
G e n o t o x i c i t y (?) 
L u n g c a n c e r (?'.') 

U n k n o w n 

C h r o n i c b r o n c h i u 

U n k n o w n 

F V C : forced vi tal c a p a c i t y : FEV,: forced e x p i r a t o r y v o l u m e in first s e c o n d ; BALF: b r o n c h o - a l v e o l a r l a v a g e fluid s h o w i n g 
an i n f l a m m a t o r y reac t ion 
* B e i n g an important a t m o s p h e r i c c o n t a m i n a n t . C O w a s not c o n s i d e r e d here , s i n c e its e f f e c t s o n the respiratory s y s t e m are 
o n l y indirect ( in t er f erence in h e m o g l o b i n o x y g e n transport and c y t o c h r o m e o x i d a s e a c t i v i t y ) . 

AIR QUALITY OF SANTIAGO DE CHILE 

Sant iago , the capital of Chi le , an ex tended 
city with near ly 4.5 mil l ion inhabi tants , is 
l o c a t e d 3 3 ° 2 7 ' S , 7 0 ° 4 1 ' W . S i n c e i t s 
i n s t a l l a t i o n ( 1 9 7 8 ) , S a n t i a g o ' s p u b l i c 
m o n i t o r i n g n e t w o r k d e t e c t s a i r b o r n e 
pa r t i cu la t e mat te r ( P M ) levels e x c e e d i n g 
the annual geomet r ic average s tandard (75 
U g / m 3 ) ( C a r d e n a s , 1991) . D u r i n g w in t e r 
and fall, the air of Sant iago is pol luted with 
p a r t i c l e s s m a l l e r t h a n 10 urn in 
a e r o d y n a m i c d i a m e t e r ( P M 1 0 ) , e x c e e d i n g 
l a rge ly the s t a n d a r d . C a r b o n m o n o x i d e 
(CO) concen t ra t ions exceed the s tandard of 
quali ty (9 p p m / 8 h or 10,000 u g / m 3 / 8 h) in 
all bu t o n e of t h e n e t w o r k ' s s t a t i o n s , 
especia l ly a round traffic peak hours . O z o n e 
( 0 3 ) has exceeded the s tandard (80 ppb/h 
o r 1 6 0 u g / m 3 / h ) in a l l t h e s t a t i o n s , 
par t icular ly in spring and summer , and in 
north and east city zones . Nei ther S 0 2 nor 
N 0 2 exceed the annual s tandards of quali ty 
( 8 0 a n d 1 0 0 ( l g / m 3 , r e s p e c t i v e l y ) 
( C a r d e n a s , 1 9 9 1 ) . D u r i n g 1 9 9 5 , t h e 
m a x i m a l values reg is te red for P M 1 0 , C O 
and OT, exceeded two t imes or more the 
respec t ive s tandards . That year, accord ing 
to S E S M A (Envi ronmenta l Heal th Serv ice 

for Met ropo l i t an Reg ion ) , the P M ] 0 and C O 
were over the s tandards for 60 days , whilst 
0 3 exceeded its s tandard dur ing more than 
150 days ( C O N A M A , 1997). 

CHEMICAL COMPOSITION OF SANTIAGO'S PM,,, 

Studies have shown the p resence of organic 
a s w e l l a s i n o r g a n i c c o m p o u n d s in 
S a n t i a g o ' s P M 1 0 . A m o n g t h e o r g a n i c 
c o m p o u n d s , h i g h l e v e l s of p o l y c y c l i c 
a roma t i c h y d r o c a r b o n s ( P A H ) have been 
f o u n d ( a r e n e s a n d n i t r o a r e n e s ) w h i c h 
exhibi t mu tagen ic act ivi ty in vitro (Gil et 
al, 1991) . W i t h r ega rd to the inorgan ic 
m a t t e r , t h e p r e s e n c e of a n t h r o p o g e n i c 
ino rgan ic c o m p o u n d s , such as lead, was 
detec ted in par t ic les smal ler than 3 um in 
a e r o d y n a m i c d i a m e t e r ( P r e n d e z et al. 
1991). Natura l e l emen t s , such as iron, were 
found in larger par t ic les . 

Late ly , we have c o m p a r e d the inorganic 
c o m p o u n d s of a i rborne par t icu la te matter 
from San t i ago and San Fel ipe , the latter as 
a control city (Oyarzun et al, 1996). San 
F e l i p e , wi th a p o p u l a t i o n of ca. 4 8 , 0 0 0 
inhab i t an t s , is located 90 km Nor th -Eas t 
from San t i ago . W e ana lyzed 80 samples of 
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particulate matter collected during July and 
August 1993 from two monitoring stations in 
Santiago (station A: Plaza Gotuzzo, n = 20; 
station B : Providencia/Seminario, n = 20) and 
one from San Felipe. Anions , quantified by 
i o n i c c h r o m a t o g r a p h y a n d c a p i l l a r y 
electrophoresis, were detected only in P M 2 5 
fraction. Ch lor ides , su lphates and ni t ra tes 
concentrat ions were higher in Santiago than 
in S a n F e l i p e ( T a b l e I I ) . M e t a l s w e r e 
d e t e r m i n e d b y a t o m i c a b s o r p t i o n 
spectrometry. Mean concentrat ions of zinc, 
c o p p e r , i r o n and l e a d in P M 1 0 w e r e 
substantially higher in Santiago than in San 
F e l i p e . C a d m i u m and m a n g a n e s e w e r e 
detected only in Sant iago ' s samples, while 
molybdenum was undetected in both cities 
(Fig 1). As expected, the P M 1 0 in Santiago 

T a b l e I I 

M e a n P M i o level and an ion c o n c e n t r a t i o n s 
in S a n t i a g o a n d San Fe l i pe 

Sta t ions P M , , (tig/m3) A n i o n s (ng/m 3) 

July A u g u s t CI N O , - so2= 

S a n t i a g o A 178 146 1.8 5 .3 10 .7 

S a n t i a g o B 156 1 3 9 0 . 3 1.7 5 . 2 

San F e l i p e 6 9 9 0 0.1 0 .5 2 . 0 

c o n t a i n s m o r e a n t h r o p o g e n i c an ions and 
metals than in San Felipe. 

SHORT TERM PULMONARY RESPONSE TO 
SANTIAGO'S AIR POLLUTION IN CHILEAN 

SCHOOLCHILDREN 

W e c o n d u c t e d a s t u d y to d e t e r m i n e if 
S a n t i a g o ' s a i r p o l l u t i o n i n c r e a s e s the 
i n c i d e n c e o r s e v e r i t y of b r o n c h i a l 
h y p e r r e s p o n s i v e n e s s ( B H R ) or in ter feres 
w i t h p u l m o n a r y f u n c t i o n ( A n c i c et al, 
1994; Oyarzun et al, 1993). T w o cohor ts of 
heal thy n o n - s m o k i n g school chi ldren were 
f o l l o w e d o v e r t w o y e a r s . T h e e x p o s e d 
cohor t (n = 146) was recent ly arr ived in 
San t iago from non-po l lu ted areas , whi le the 
control g roup (n = 162) l ived in San Fel ipe , 
an u n p o l l u t e d c i t y w i t h s i m i l a r 
m e t e o r o l o g i c a l c o n d i t i o n s to S a n t i a g o . 
Con taminan t levels ( P M 1 0 , 0 3 and S 0 2 ) and 
c l i m a t i c v a r i a b l e s w e r e c o n t i n u o u s l y 
m e a s u r e d in both c i t ies . In San t iago , we 
used the data ob ta ined from the moni tor ing 
n e t w o r k . In S a n F e l i p e , a m o n i t o r i n g 
station was instal led in the yard of one of 
the par t ic ipa t ing schoo ls . In San Fel ipe , the 
c o n t a m i n a n t ' s l eve l s n e v e r surpassed the 
a c c e p t e d s t a n d a r d s , w h i l e the l eve l s of 
P M 1 0 , C O and 0 3 in San t i ago frequently 
exceeded the s tandards (Table III) . 

Fig 1. M e t a l s c o n c e n t r a t i o n s o f f ine part icu la te a irborne matter f rom S a n t i a g o ( S t g o ) and San 
F e l i p e . E a c h c o l u m n represent s the g e o m e t r i c m e a n . S t g o A : P l a z a G o t u z z o m o n i t o r i n g s ta t ion . 
S t g o B: S e m i n a r i o / P r o v i d e n c i a m o n i t o r i n g s ta t ion . 
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T a b l e III 
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C o n t a m i n a n t s levels in S a n t i a g o and San Fe l i pe ( 1 9 9 3 ) 

C o n t a m i n a n t s C h i l e a n s tandards * M e a n v a l u e s T i m e s e x c e e d i n g s tandards 

S a n t i a g o * * San F e l i p e S a n t i a g o * * S a n Fe l ipe 

o , 8 0 ppb/1 h 13 2 6 2 4 13 125 0 

P M , , , * * * 1 5 0 ng/m-V24 h 1 1 0 116 7 0 5 2 6 6 0 

C O 9 p p m / 8 h - 4 4 2 631 0 

S O , 1 4 0 p p b / 2 4 h 11 17 4 0 0 0 

N O , 1 6 0 p p b / 2 4 h * * » * 2 3 3 0 0 0 0 

E x p r e s s e d in u.g/m', r e f e r e n c e v a l u e s for 0 _ v C O , S O , and N 0 2 c o r r e s p o n d to 160 , 1 0 0 0 0 , 3 6 0 and 3 0 0 . r e s p e c t i v e l y 
** M e a s u r e m e n t s from t w o i n c l u d e d s ta t ions o f m o n i t o r i n g s y s t e m , nearest to par t i c ipa t ing s c h o o l s . 
* * * P M | ( I : part ic les w i th < 10 p.m a e r o d y n a m i c d iameter . 
* * * * R e f e r e n c e v a l u e from U S A . 

S O U R C E : S E S M A ' s air p o l l u t i o n m e a s u r e m e n t s s u m m a r y , 1 9 9 3 . 

S p i r o m e t r y a n d b r o n c h i a l h y p e r r e -
spons iveness ( B H R ) , measured through a 
me thacho l ine provoca t ion test (Chai et al, 
1975), were assessed at base l ine and at 6 
and 21 m o n t h s of fo l low up . B H R was 
d e f i n e d , a c c o r d i n g to C o c k c r o f t et al 
( 1 9 7 7 ) , by a P C 2 o ( c o n c e n t r a t i o n of 
m e t h a c h o l i n e caus ing 2 0 % fall in F E V , ) 
equal or lower than 8 mg methacho l ine /ml . 
Al lergic condi t ion (Prick test) and indoor 
p o l l u t i o n ( q u e s t i o n n a i r e ) w e r e a l s o 
a s se s sed . Both cohor t s (San t i ago vs San 
Fel ipe) were s imilar in t e rms of age (13.6 ± 
0.9 vs 13.2 ± 1.0 years old) , gender (males : 
47 .0 vs 4 2 . 1 % ) and height (156.1 ± 8.5 vs 
152.0 ± 8.4 cm) . Spi rometr ic values ( F V C , 
F E V , , F E V , / F V C a n d F E F 2 5 _ 7 5 ) w e r e 
within s tandard limits th roughout the study 
in both c o h o r t s . B a s e l i n e p r e v a l e n c e of 
BHR was 2 5 % in San t iago and 2 7 % in San 
F e l i p e . Af te r s ix m o n t h s of f o l l o w - u p , 
13 .7% of the exposed cohort and 15 .7% of 
the n o n - e x p o s e d b e c a m e h y p e r r e a c t i v e . 
Dur ing the whole 21 month-pe r iod of the 
study, the rate of new cases of B H R was 
16 .3% in San t iago and 17.5 in San Fe l ipe . 
Therefore , these resul ts do not suppor t the 
h y p o t h e s i s tha t a t w o - y e a r e x p o s u r e to 
S a n t i a g o ' s air pol lut ion affects spi rometr ic 
values or B H R in heal thy school chi ldren. 

A l l e r g y , a s s e s s e d by P r i ck tes t , w a s 
h igher in San t i ago ' s than in San Fe l i pe ' s 

cohor t (35 vs 2 4 % , respec t ive ly ; p = 0 .032) . 
H o w e v e r , indoor pol lut ion - e n v i r o n m e n t a l 
tobacco s m o k e and con tamina t ing heating-
was h igher in San Fe l ipe than in Sant iago . 
The latter could be a poss ib le explanat ion 
for t h e u n e x p e c t e d l a c k of e f f e c t of 
S a n t i a g o ' s po l lu t i on . A n o t h e r hypo thes i s 
for t h i s p e c u l i a r f i n d i n g m a y b e the 
occur rence of an adap t ive mechan i sm, as it 
h a s b e e n r e p o r t e d on d o g s e x p o s e d 
chronica l ly to S O , (Scan lon , 1987). 

EFFECT OF ATMOSPHERIC POLLUTION ON 
LOWER RESPIRATORY DISEASES IN INFANTS 

Since we failed to demons t ra te a significant 
a s s o c i a t i o n b e t w e e n a i r p o l l u t i o n and 
de ter iora t ion of the respira tory system in 
school chi ldren, we moved on to study a 
more suscept ible populat ion. This t ime the 
aim was to assess the jo in t effect of outdoor 
airborne part ic les and indoor air pollution 
sources , par t icular ly envi ronmenta l tobacco 
s m o k e e x p o s u r e ( E T S E ) in i n f a n t s . In 
addit ion, we intended to control the effects 
of c l imate and soc io-economical variables 
(Oyarzun et al, 1998; Pino et al, 1998). 

W e fo l lowed 504 infants from 4 -months 
to one -yea r of age . They were a t tended in 
outpat ient c l in ics at S a n t i a g o ' s South-East 
area on ad libitum bases . Diagnoses were 
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s t a n d a r d i z e d a c c o r d i n g to W o r l d Hea l th 
O r g a n i z a t i o n c r i t e r i a . E n v i r o n m e n t a l 
t o b a c c o s m o k e e x p o s u r e ( E T S E ) w a s 
a s s e s s e d b y q u e s t i o n n a i r e a n d s e r u m 
cotinine levels were measured at one year of 
a g e . Da i ly l eve l s of P M , 0 and P M 2 5 , 
t e m p e r a t u r e and r e l a t i v e h u m i d i t y w e r e 
obtained from the air-monitoring network of 
S a n t i a g o . F u e l s for h e a t i n g and s o c i o 
economic status were assessed by a home 
in t e rv i ew . T h e o u t c o m e s w e r e vis i ts for 
wheezing bronchitis and pulmonary infections 
(pneumonitis and bronchopneumonia). 

W e u s e d t w o m o d e l s , b o t h of t h e m 
con t ro l l i ng for repea ted m e a s u r e s ( G E E ) 
g i v e n t h a t u p to 17 v i s i t s m a y h a v e 
occur red a long the fol low u p : a) logis t ic 
r e g r e s s i o n a n a l y s i s for e s t i m a t i n g t h e 
effects of a i r b o r n e pa r t i c l e s in the days 
p r e v i o u s to each visi t , and b) P o i s s o n ' s 
r e g r e s s i o n for e s t i m a t i n g the long t e r m 
effect of par t icu la te mat ter on accumula ted 
cl inic visits for lower respira tory d iseases . 

In the first mode l , increases of 50 ( ig/m 3 

in daily averages of P M , 0 and P M 2 5 rose 
the risk of w h e e z i n g b ronch i t i s found 4 
days later by 1 1 % and 2 2 % , respect ive ly . 
Worsen ing of soc io -economic status by one 
S D i n c r e a s e d t h e r i s k of w h e e z i n g 
b r o n c h i t i s by 3 4 % . A m o n g c l i m a t i c 

v a r i a b l e s , o n l y r e l a t i v e h u m i d i t y w a s 
a s s o c i a t e d w i t h t h e r i sk of w h e e z i n g 
bronchi t i s (Fig 2) . In the second mode l , we 
did not detect s ignif icant effects nei ther of 
P M 1 0 nor PM2._s on the accumula ted visits 
for w h e e z i n g b ronch i t i s a long the whole 
f o l l o w - u p , be ing s u p e r s e d e d by c l imat ic 
f a c t o r s a n d , p r i n c i p a l l y , by the s o c i o 
economic status (Table IV) . 

With regard to pulmonary infections, we 
did not find an effect of particulate matter on 
visits for pneumonit is or bronchopneumonia 
in the immedia te fol lowing days . Instead. 
E T S E (Odds Ratio = 1.41) and a deficient 
soc ioeconomic status (OR = 1.41) are the 
most evident risk factors in determining the 
occurrence of pu lmonary infections in the 
first model . Also pointing to indoor risks for 
lung infections, the second model (Poisson 's 
regression) showed that the use of gas for 
heating was associated to higher risks of lung 
infection in children (Table IV). 

T h e a b o v e r e s u l t s s u g g e s t t h a t - i n 
i n f a n t s - i ndoo r s o u r c e s of c o n t a m i n a n t s 
seem to be a s soc i a t ed with lung infect ions , 
w h i l e o u t d o o r a i r b o r n e p a r t i c l e s 
- e s p e c i a l l y P M 2 _ s- a r e l i k e l y to be 
a s s o c i a t e d w i t h t h e r i s k of w h e e z i n g 
b ronch i t i s with a 4 -day lag . Over all these 
fac tors , a def ic ient s o c i o - e c o n o m i c status 

P M 2 . 5 * i m 3 

M i n i m u m T ° * • * :=a 

R e l a t i v e H u m i d i t y * • » • 

C o t i n i n e • - V * " * 

S o c i e c o n o m i c s t a t u s t. • »• - •.»,.••„ + - v ; , : •„,<,-• i 

K e r o s e n e h e a t e r • • — * " • » 

E p i d e m i a p e r i o d •» «'«•• ^^^sssasssss^Essms: s s s : •, , , a : , ~ : „,..,•• ; • , z—i 

B r e a s t f e e d i n g • <> • 

o . 4 o . e o . a 1 1 . 2 1 . 4 i . e 

— • — O d d s R a t i o ± 9 5 % C . I . * * 

F i g 2 . W h e e z i n g b r o n c h i t i s risk a s s o c i a t e d w i t h the i n c r e a s e o f f ine part iculate a irborne matter: mul t ivar ia te m o d e l . * Bes t 
o d d s ratio e s t i m a t e s o f c l i n i c v i s i t for w h e e z i n g b r o n c h i t i s o b t a i n e d w i t h 4 - d a y lag for i n c r e a s e s in P M 2 5 ( 5 0 n g / m ' ) . 
t empera ture ( 5 ° C ) and re la t ive h u m i d i t y ( 5 % ) . ** L o g i s t i c r e g r e s s i o n , c o n t r o l l i n g for a u t o c o r r e l a t i o n o f n o n - i n d e p e n d e n t 
repea l ed m e a s u r e s ( G E E ) . 
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Factors W h e e z i n g b r o n c h i t i s RR ( C I ) L u n g i n f e c t i o n * RR (CI) 

P M 1 ( 1 ( ! Q 0 i i g / m 3 ) 0 . 9 2 ( 0 . 7 4 - 1 . 1 4 ) 1 .59 ( 0 . 0 8 - 3 . 1 8 ) 

P M 2 , ( 5 0 Mg/m 3 ) 0 . 9 3 ( 0 . 7 8 - 1 . 1 0 ) 1 .44 ( 0 . 8 4 - 2 . 4 8 ) 

H u m i d i t y ( 5 % ) 1 .10 ( 1 . 0 5 - 1 . 1 5 ) 1 .19 ( 0 . 0 2 - 1 . 4 0 ) 

M i n i m a l t emperature ( 5 ° C ) 0 . 8 0 ( 0 . 7 0 - 0 . 9 1 ) 0 .91 ( 0 . 5 7 - 1 . 4 6 ) 

Gas ( y e s / n o ) 1 .02 ( 0 . 6 3 - 1 . 6 4 ) 2 . 4 9 ( 0 . 9 8 - 6 . 3 0 ) 

C o t i n i n e ( n g / m l ) 0 .87 ( 0 . 7 3 - 1 . 0 2 ) 1 .32 ( 0 . 9 7 - 1 . 8 0 ) 

S E S (Graffar s c o r e ) 1 .26 ( 1 . 1 0 - 1 . 4 5 ) 1 .40 ( 1 . 0 0 - 1 . 9 6 ) 

P o i s s o n ' s r e g r e s s i o n . 

* L u n g i n f e c t i o n : p n e u m o n i t i s and b r o n c h o p n e u m o n i a . 

RR (CI) = R e l a t i v e risk ( 9 5 % c o n f i d e n c e in terva l ) 

r ema ins as an impor tan t c o m m o n risk in 
d e t e r m i n i n g both w h e e z i n g b ronch i t i s and 
lung infec t ions in infants . 
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