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Abstract
Objective. A study was conducted to evaluate personal 
ozone exposure (O3p) among asthmatic children residing in 
Mexico City. Material and Methods. A total of 158 chil-
dren were recruited from December 1998 to April 2000. On 
average, three O3p measurements were obtained per child 
using passive badges. Time-activity patterns were recorded 
in a diary.    Daily ambient ozone measurements (O3a) were 

-
dence. Levels of O3a and ozone, weighted by time spent in 
different micro-environments (O3w), were used as indepen-
dent variables in order to model O3p concentrations using a 
mixed-effects model.  Results. Mean O3p was 7.8 ppb. The 
main variables in the model were: time spent indoors, distance 

interaction terms (overall R2=0.50, p<0.05). Conclusions.
The O3w concentrations can be used as a proxy for O3p, taking 
into account time-activity patterns and the place of residence 
of asthmatic Mexican children.
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Resumen
Objetivo. Realizamos este estudio para evaluar la exposición 
personal a ozono (O3p) en niños asmáticos de la Ciudad de 
México. Material y métodos. Se incluyeron 158 niños entre 
diciembre de 1998 y abril de 2000. En promedio se obtuvie-

medir O3p.  Se caracterizaron los patrones de actividad y las 
concentraciones ambientales diarias de ozono (O3a) se obtu-

niveles promedio de O3a  y  las concentraciones ponderadas 
por el tiempo en diferentes microambientes (O3w) fueron 
usados como variables independientes para modelar las con-
centraciones de O3p, utilizando modelos de efectos mixtos. 
Resultados. La media de O3p  fue 7.8 ppb. Las principales 
variables en el modelo fueron: tiempo en exteriores, distan-
cia, periodo de seguimiento y dos términos de interacción 
(R2=0.50, p<0.05). Conclusiones. Las concentraciones de 
O3w pueden usarse como “proxi” de O3p, tomando en cuenta 
patrones de actividad y lugar de residencia.
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Table I
CHARACTERISTICS OF PARTICIPANTS IN PERSONAL OZONE MEASUREMENTS BY GROUP. MEXICO CITY, 1998-2000

Characteristic Group 1 Group 2 Group 3 Group 4 Mean p-value*

Gender (%)

Male 62.5 75.0 64.1 55.0 64.2

Female 37.5 25.0 35.9 45.0 35.8 0.314

Participants by age (%)

< 6 years 0.0 0.0 5.1 0.0 1.3

6 –  9 years 50.0 75.0 46.2 62.5 58.5

10 – 13 years 40.0 22.5 41.0 30.0 33.3

> 13 years 10.0 2.5 7.7 7.5 6.9 0.118

Severity of asthma (%)

Mild asthma 32.5 69.2 30.8 60.0 48.1

Moderate and severe 67.5 30.8 69.2 40.0 51.9 0.000

Household characteristics (%)

Single family 52.8 39.5 58.9 30.8 45.4 0.000

Cooking with gas 97.7 100.0 100.0 96.8 98.6 0.063

Carpet in bedroom 7.5 9.1 15.4 7.5 9.9 0.602

Lighted stove pilot 16.0 40.0 36.4 26.9 26.8 0.001

Opened windows 79.4 81.8 81.7 72.4 78.8 0.220

Pets at home 38.1 37.9 48.7 48.8 43.1 0.115

* p-value obtained by Pearson Ji2
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* Ozone measurements based on square-root-transformed

FIGURE 1. RELATIONSHIP BETWEEN ORIGINAL AND DUPLICATE OZONE MEASUREMENTS IN ASTHMATIC CHILDREN IN MEXICO CITY,
1998-2000

5

4.5

4

3.5

3

2.5

2

1.5

1

.5

 .5                 1                1.5                2                2.5                3                3.5                4                4.5                5
Square root of 03 duplicates (ppb)*

Sq
ua

re
 ro

ot
 o

f 0
3 

or
igi

na
l (

pp
b)

*

Y= 0.256 + 0.920 xi + e
R2= 0.79 n= 53

2

Activity patterns

Personal and ambient ozone concentrations

-
3

-

r p r
O p
p



ARTÍCULO ORIGINAL

72 salud pública de méxico / vol. 50, no. 1, enero-febrero de 2008

Ramírez-Aguilar M y col.

Table III
PERSONAL AND AMBIENT OZONE CONCENTRATION (PPB)

BY GENDER AND GROUP OF PARTICIPATION.
MEXICO CITY, 1998-2000

 Group1 Group 2 Group 3 Group 4
Ozone Boy Girl Boy Girl Boy Girl Boy Girl

Personal concentration

Number of samples 83 48 99 32 82 49 70 57

Mean 13.2 13.5 7.2 4.8 4.7 5.4 7.2 6.0

SD 6.1 6.1 4.6 2.4 3.0 3.4 3.3 3.1

Minimum 2.6 2.9 0.2 0.2 0.2 0.5 0.7 1.8

Maximum 30.9 27.6 29.9 13.2 12.0 16.6 14.9 19.9

        

Ambient concentration        

Number of samples 83 48 100 32 82 49 73 62

Mean 35.8 34.9 34.9 29.6 28.5 26.8 37.4 34.9

SD 7.8 7.7 8.9 9.3 7.7 6.7 9.3 7.8

Minimum 14.1 14.6 13.5 12.5 14.9 15.0 13.6 13.6

Maximum 64.6 57.7 64.4 52.2 52.2 44.2 59.7 54.6

Table II
TIME SPENT BY PARTICIPANTS IN DIFFERENT MICRO-ENVIRONMENTS BY GENDER AND GROUP

OF PARTICIPATION. MEXICO CITY, 1998-2000

Micro-environment Group 1 Group2 Group 3 Group 4 Mean
by gender n = 131 n = 132 n = 115 n = 131 n = 509 p-value*

Male

   Indoors 84.5 77.1 82.8 78.6 80.5 0.000

   Outdoors 10.6 14.2 11.8 14.8 12.9 0.037

   In transit 4.9 8.7 5.5 6.6 6.6 0.000

Female

   Indoors 83.2 80.1 83.4 78.3 81.2 0.141

   Outdoors 11.1 13.8 11.2 14.6 12.7 0.073

   In transit 5.7 6.1 5.4 7.1 6.1 0.564

* p

Regression model
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Table IV
REGRESSION MODEL FOR PREDICTING PERSONAL

OZONE CONCENTRATION IN ASTHMATIC CHILDREN.
MEXICO CITY, 1998-2000

Ambient O3*    0.169 0.022 0.127 – 0.212 0.000

Time spent outdoors - 0.006 0.030 - 0.065 – 0.0539 0.844

   
Estimated O3

‡ 0.353 0.050 0.254 – 0.453 0.000

Time spent in transit -0.127 0.039 -0.205 – (-0.049) 0.001

*
model with an intercept= 6.55 (p=0.000), overall R2= 0.50, and an 

with a minimum of one measurement, maximum of four and on average 

study group and area of residence
‡

model with an intercept= 10.62 (p=0.000), overall R2= 0.49, and an 

with a minimum of one measurement, maximum of four and on average 
three measurements per participant)

= Standard error

CE= Central area, NE= North East, NW= North West, SE= South East, SW= South West

FIGURE 2. PERSONAL, WEIGHTED AND AMBIENT OZONE CONCENTRATION BY AREA OF RESIDENCE FOR ASTHMATIC CHILDREN.
MEXICO CITY, 1998-2000
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