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ABSTRACT 

Rationale: In late October 2003, Southern California wildfires burned >3,000 km2. The wildfires 

produced heavy smoke that affected several communities participating in the University of 

Southern California Children’s Health Study (CHS).  

Objectives: To study the acute effects of fire smoke on the health of CHS participants.  

Methods: A questionnaire was used to assess smoke exposure and occurrence of symptoms 

among CHS high-school students (N=873; age 17-18 years) and elementary-school children 

(N=5,551; age 6-7 years), in a total of 16 communities. Estimates of particulate matter (PM10) 

concentrations during the five days with the highest fire activity were used to characterize 

community smoke level.  

Main Results: All symptoms (nose, eyes, and throat irritations, cough, bronchitis, cold, 

wheezing, asthma attacks), medication usage, and doctors  visits were associated with 

individually reported exposure differences within communities. Risks increased monotonically 

with the number of reported smoky days. For most outcomes, reporting rates between 

communities were also associated with the fire-related PM10 levels. Associations tended to be 

strongest among those without asthma. Asthmatics were more likely to take preventive action 

such as wearing masks or staying indoors during the fire.  

Conclusions: Exposure to wildfire smoke was associated with increased eye and respiratory 

symptoms, medication use and physician visits.  

Abstract word count: 203 
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INTRODUCTION 

 In October 2003, a series of devastating wildfires burned in Southern California. The hot 

and dry Santa Ana winds encouraged the spread of fires across several locations to the north, 

east, and south of the Los Angeles metropolitan area (LA), and dense plumes of smoke 

dominated much of the area for several days. Local air quality monitors recorded hourly 

particulate matter concentrations approaching 1,000 µg/m3 particles of aerodynamic diameter up 

to 10 µm (PM10); these levels were 10 to 20 times the typical observed ambient levels (1, 2) . 

The fires occurred over a wide geographical area, over a 480 km swath affecting six Southern 

California counties (Ventura, Los Angeles, San Bernardino, Riverside, Orange and San Diego). 

The fires consumed more than 3,100 km2 (750,000 acres) and destroyed 3,640 homes, 33 

commercial properties, and 1,141 other structures (including several regional air monitoring 

stations) http://www.nifc.gov/fireinfo/2003/summary.html.  

 Most wildfire investigations focus on short-term changes in hospital admissions or on 

segments of the population thought to be especially sensitive to respiratory stress such as patients 

with chronic obstructive lung disease (COPD) or asthma, or on those individuals especially 

prone to exposure such as fire fighters (3, 4). Medical surveillance data from San Diego county 

revealed significant increases in hospital emergency room visits for asthma, respiratory 

problems, and eye irritation during the 2003 fire period (5). Population-based investigations of 

the acute respiratory health effects of fire smoke on children health have been limited and based 

on small samples. The lack of data may be contributed, in part, to the logistical challenge of 

implementing population-based studies during fire emergencies. Australian researchers 

investigated the health effects of bush fires and reported increased evening wet cough among a 

panel of 32 children with asthma but non-significant results for wheeze and beta agonist use (6). 
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PM10 peaks were much lower (130 ug/m3) than in the 2003 California fire. Associations of fire 

smoke and evening peak flow were also not conclusive (7). The large 1997 Asian fires resulted 

in an increased use of health services (4) and higher mortality rates both among infants and 

adults (8). 

 The Southern California fires offered a unique opportunity to conduct a population-based, 

large-scale investigation of the health consequences of the smoke from wildfires on children’s 

health. The region affected by the wildfires included several communities participating in a long-

term ongoing health study of California schoolchildren, the Southern California Children’s 

Health Study (CHS) (9, 10). The goal of the CHS is to understand the contribution of long-term 

or lifetime exposure to ambient air pollution to children’s respiratory health (9-11). Initial 

cohorts of children were recruited (1993 and 1996) from 12 communities across six Southern 

California counties. In 2002, an additional cohort of kindergarten and first-grade children (aged 5 

to 6 years) were enrolled from thirteen partly overlapping communities (10). At least 12 of the 

16 cohort communities were either directly affected by the fire (i.e., the community was the site 

of fire damage and human evacuation), or indirectly affected (by dense smoke covering the 

community). Figure 1 presents the cohort study towns in a satellite image of the wildfire areas 

taken in late October 2003. 

 To assess the effects of the wildfires, we implemented a questionnaire-based 

investigation of fire smoke exposure and symptoms for two of the existing and accessible study 

cohorts (twelfth-grade high-school students, and first and second-grade elementary-school 

children). The availability of extensive socio-demographic and health data among this large 

sample of children offered a unique opportunity to efficiently investigate and quantify the health 
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consequences of fire smoke exposure in both asthmatics and non-asthmatics. Some of the results 

of this study have been previously reported in the form of an abstract (12). 

 
Methods word count: 697 

 

 

METHODS 

The CHS methods have been published elsewhere. Details about the fire study are 

provided online. In brief, the CHS consists of repeated annual health assessments to follow the 

course of respiratory health. The fire questionnaire study focused on participants of two ongoing 

CHS cohorts, including one cohort of high-school students (17 to 18 years old during the fire) 

originally enrolled in 1996, and a cohort of elementary-school children (aged six to seven years) 

recruited in 2002. The older student cohort included high-schools from the 12 (9, 10) original 

CHS communities and the elementary-school cohort involved 13 communities (nine of which 

were the same) (10). The study protocol was approved by the institutional review board for 

human studies at the University of Southern California, and written informed consent was 

provided by participating students and a parent or legal guardian of minors.   

 The 2003 Southern California fires peaked between October 20th and November 2nd. 

During Nov/Dec 2003 the high-school students and the parents of the elementary-school children 

received the fire questionnaire by mail (see online data supplement) and/or during the first six 

months in 2004 as an annex activity of the ongoing CHS. The reporting period referred to the 

‘two weeks of the October 2003 fire period’. Whereas the first page of the fire questionnaire 

asked about health related problems, the second page referred to exposure to fire smoke and 

personal measures taken to modify this exposure (including evacuation, wearing of masks, 



       5
 

reduction in time spent outdoors, and changes in physical activity). To quantify exposure 

duration, questionnaire response categories included the following: “not at all”, “1-2 days”, “3-5 

days”, “6-10 days”, or “all days” (i.e., up to two weeks). 

 Objective smoke measurements, i.e. PM10 (USEPA-approved Federal Reference Methods 

to quantify PM10) were available only on the community rather than individual level. PM10 was 

the strongest marker of fire smoke pollution (1, 2). High concentration periods lasted 

approximately five days; thus, we used the five-day mean PM10 level to characterize fire smoke. 

Missing air quality data required estimation procedures of the 5-day average PM10. Five-day 

average PM10 concentrations were estimated for five out of the sixteen communities.  San Dimas, 

Glendora, and Anaheim had all five days (10/24 to 10/28) estimated, and San Bernardino had 

four days (10/25 to 10/28) estimated.  Since Alpine was directly affected by the fires from 10/26 

to 10/28, PM10 concentrations at Alpine were averaged over the three fire days with two days 

estimated (10/27 to 10/28). For more details see text and Table E1 in the online data  supplement 

and (1).  

 

Statistical analyses 

 To investigate the association between fire smoke exposure and symptoms, we chose 

multi-level approaches to distinguish within-community differences in exposure from the 

contrasts between communities. We used the reported smell of fire smoke indoors as the primary 

measure of exposure. We created two components of reported exposure response. The first was a 

between-community measure, derived from the community-specific mean response. The second 

was a within-community response, created by subtracting the community-mean from the 

individual response, using a mixed-effects model with a logistic link. As described in the Online 
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Data Supplement, the five exposure categories were combined into three levels, providing 

comparison across the following groups of ‘fire smoke smelled’: ‘no fire smoke’; 1 to 5 days; ≥6 

days. 

 The first set of analyses was based on the reported levels of fire smoke smelled at home 

indoors, reflecting the change in symptoms due to an increase in the duration of (perceived) fire 

smell. In a second set of models, we replaced the reported community-mean fire smoke response 

with the ambient five-day mean PM10. Thus, these between-community estimates reflected the 

change in symptoms for a change in ambient PM10 during the five most extreme days of fire 

smoke.  

 The final models included those covariates that were independent predictors and/or 

confounders in the models of at least one symptom, namely sex, ethnicity, educational level of 

parents, asthma status prior to the fire (doctor diagnosed asthma), and cohort (high-school versus 

elementary-school cohort). A p-value ≤0.05 was considered statistically significant. In addition, 

all analyses were stratified by asthma status. All analyses were conducted with the statistical 

software SAS/STAT, Version 9 (2002), from the SAS Institute, Cary, NC. 

 

 

RESULTS 

 Table 1 summarizes the study populations and participation. High-school students’ 

participation rates during the first eight weeks (2003) reached 52.4%, whereas only 39.0% of the 

parents (younger cohort) returned the mail-in questionnaire. The extended distribution of the fire 

questionnaire during 2004 strongly improved response rates, ultimately reaching 95.5% in the 

older and 68.0% in the younger cohort. 
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 Table 2 summarizes the distribution of reported fire exposure and the ambient levels of 

measured or estimated PM10 (see Methods). Both the subjective and objective measures of fire 

smoke showed that communities not directly affected by local fires suffered substantial smoke 

exposure, e.g. Mira Loma, Riverside, and Anaheim.  

 Table 3 summarizes the prevalence of the reported outcomes, by cohort and asthma 

status. As expected, prevalence rates were much higher among asthmatics. Dry cough, 

medication, and doctors’ visits were more frequently reported by parents of elementary-school 

children, whereas high-school students were more likely to report eye symptoms. Home loss due 

to fire was reported by 35 (0.75%) study participants. In Alpine and Lake Arrowhead, more than 

3% of study participants lost their homes (n=15 and 10, respectively). 

 The main results are summarized in Table 4. Six or more days of fire smell indoors was 

significantly associated with all outcomes, and the smaller risk estimates for one to five days of 

exposure reached statistical significance in all but two outcomes (asthma attacks and bronchitis). 

Having fire smoke smell indoors during >6 days was associated with more than four-fold higher 

rates of eye symptoms, approximately three-fold increased rates of dry cough and sneezing, and 

more than two-fold higher rates of cold, sore throat, wet cough, medication use, doctors’ visits, 

and missed school due to symptoms. The three types of wheezing (general, sleep-disturbing, and 

speech-limiting) occurred 3.5, 4.9 and 5.5 times more often, respectively, among those with six 

or more days of fire smell indoors. Asthma attacks increased 63%. The trend across the different 

levels of fire smell duration was highly significant for all outcomes except for asthma attacks 

(p=0.12). 

 The between-community comparisons were analyzed with two different metrics, namely 

PM10  and the community-mean response to the fire smell question. Results are presented for the 
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former only (Table 4) as they were similar for both metrics. The community-mean of the 

reported level of fire smoke indoors and the estimates of the five-day mean PM10 were highly 

correlated (r=0.81) in both high-school and elementary-school students. Comparing highest to 

lowest community exposures, the between-community results were statistically significant and 

similar for both metrics in case of dry cough, eye, nose, and throat symptoms, as well as for 

medication. Eye symptoms were approximately three times as frequent in the communities most 

affected by fires as compared to lesser affected communities. The between-community estimate 

for wheezing was significant only with the mean reported smoke (OR of 1.37 per unit change) 

but not with PM10  (Table 4). The other outcomes were significantly associated with neither 

community-level metric.  

 The model presented in Table 4 also adjusted for asthma status prior to the 2003 fire 

period (‘doctor diagnosed asthma’). Therefore, the model also estimates the contribution of 

doctor diagnosed asthma to symptom frequency in the end of October 2003, independent of the 

fire smoke. We present these effects (ORs) in Table E3. in the online supplement to highlight the 

much higher symptom rates among asthmatics (also see Table 3). Asthmatics were two to three 

times more likely to report symptoms than non-asthmatics. Thus, the effect of having asthma was 

similar to the effects of fire smoke. In the case of wheezing, asthma status was more strongly 

related to the symptom (OR=7.4; see Table E3.) than fire smoke (OR=3.5; see Table 4).  

The effect of fire smoke was, however, not restricted to children with asthma. Results of 

Table 4, stratified by asthma status, are presented in the online supplement (Tables E4. and E5.). 

In fact, among non-asthmatics, coefficients were either very similar or stronger (wheezing) than 

in asthmatics (N=706) where point estimates tended to be smaller and not statistically significant 

for speech-limiting wheezing, asthma attacks, bronchitis, cold, wet cough, doctors’ visits and 
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missed-school. The between-community estimates followed a similar pattern as in non-

asthmatics with significant associations among nine questionnaire items. 

 To evaluate the joint effects of fire and asthma status on reported symptoms we examined 

five indicator variables for the combinations of fire smell (none; 1-5days; ≥6 days) and asthma 

status (yes / no) using non-asthmatics without fire exposure as the reference group. Figure 2 

presents the effects of fire smoke among asthmatics and non-asthmatics..  

 

Preventive action and fire-related health outcomes 

 We distinguished those who took action such as wearing masks, spending less time 

outdoors, or using air conditioners for at least one to two days from those not reporting 

preventive strategies. Those taking action also reported higher rates in almost all outcomes, and 

in many cases, these differences were statistically significant. For example, those reporting 

“wearing a mask” had symptom rates more than twice as high as those not using masks; while 

those reporting the use of air conditioners or spending “less time outdoors” during the fire had 

1.2 to 1.6 fold rates in symptoms. Of particular interest is the interaction between preventive 

actions and reported duration of fire smell indoors (see Table 5). As a general pattern we 

observed larger risk gradients related to fire smoke among those who did not take preventive 

action as compared to those who did. The interaction term reached statistical significance in 

several models (see Table 5). Compared to those who reported no fire smell, subjects with one to 

five days of smoke smell indoors who did not wear a mask were twice as likely to report 

sneezing (OR=2.02 [1.7-2.4]). For those who did wear a mask (and reported 1-5 days of smoke), 

sneezing rates were only 25% higher. In the most exposed sub-group (>6 days of smoke), those 
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without masks had an OR of 2.8 [2.3-3.5] whereas the OR among those with a mask was only 

1.67.  

 

 

DISCUSSION 

 To our knowledge, this is the largest investigation of acute effects of wildfire smoke on 

children’s health. We confirmed very substantial effects of wildfire smoke exposure on eyes as 

well as upper and lower respiratory symptoms, in both asthmatics and non-asthmatics. The study 

was population-based, thus findings may be generalized more broadly to other comparable 

populations. Our findings are consistent with other studies conducted after wildfire outbreaks 

and occupational studies among firefighters which suggest that wildfire smoke leads to acute 

exacerbations of respiratory and eye symptoms and increased demand for health services (13). 

Like ambient urban air pollution, wildfire smoke contains numerous primary and secondary 

pollutants including particles, polycyclic aromatic hydrocarbons, carbon-monoxide, aldehydes, 

organic acids, organic compounds, gases, free radicals, and inorganic materials with diverse 

toxicological properties (14), which may explain the wide range of acute symptoms observed in 

our survey (15).  

Biases require particular attention in the interpretation of these findings. Since many 

parents and students completed the fire questionnaire several months after the fire (from one to 

seven months later), and since both exposure and outcome are reported by participants, the study 

may be subject to interrelated reporting, recall, and selection biases. Due to the lack of 

individual-level PM10 data we were able to compare effects of objective (PM10 ) and subjective 
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(reported) markers of exposure in the between-community comparison only. We used the 

community-mean of reported fire smoke as the subjective aggregate exposure.  

For reported fire smoke, the estimates for individual and community-mean were similar 

for most outcomes. However, between-community estimates using the mean reported fire smell 

were not entirely consistent with those based on PM10.. The latter showed no clear association 

with cold, cough, asthma symptoms, doctors’ visits, and missing school. There are several 

possible reasons for these inconsistencies.  

 First, the exposure metrics are inherently different and measure different domains of 

exposure. PM10 estimates the average concentration during the five most extreme days. In 

contrast, the questionnaire-based approach relates to the duration (i.e. number of days of 

observed smoke) rather than the level of the smoke in the community. Duration may characterize 

the true contrasts in exposure better than the 5-day average PM10 as some communities 

experienced fire smoke for longer or shorter periods. 

 Second, PM10 levels had to be estimated for five fire communities (see Methods and 

online data supplement). The unknown errors in these estimates may lead to under- or 

overestimation in the between-community effects. Thus, the results based on ‘objective’ 

measures of community level exposure are not necessarily unbiased. 

Third, PM10 community levels are not sensitive to spatial differences in smoke densities 

that may have occurred within communities. Therefore, PM10 concentrations at the monitor may 

not represent the mean of the true but unknown home outdoor PM10 levels. We have no objective 

data to validate the reported diversity on the individual level. Wu et al. estimated PM10 

distributions all across the Southern California area during the wildfire period, using PM 



       12
 

measurements, light extinction, meteorological data, and smoke information from satellite 

images (1) (see Figure E1 in the online data supplement). We used these results to investigate the 

range of daily mean PM10 concentrations for small areas representing size and location of several 

CHS communities. For example, the PM10 concentration estimates for a 1x1km grid within a 10-

km buffer around San Dimas indicated substantial temporal differences during the fire period 

with daily means ranging from 115 µg/m3 (Oct 28th) to 220 µg/m3 (Oct 26th) as well as large 

spatial gradients across the grid points. For example, on Oct 25th, the point estimates ranged 

from 54 to 250 µg/m3 and from 90 to 337 µg/m3 the next day, with spatial standard deviations up 

to 50% of the daily means (see Figure E1 in online data supplement). Although these PM10 

estimates may be associated with significant uncertainties at the neighborhood scale, they 

demonstrated substantial spatial heterogeneity, which corroborate the notion that smoke 

concentrations may vary substantially within communities. The distribution of reported smoke  – 

and thus the community-mean of the reported conditions – may reflect these distinct spatial 

gradients which are influenced by topography and wind patterns (1, 2).  

Fourth, the community-level PM10  does not take into account PM10  levels in locations to 

which the children might have been evacuated, nor does it account for other individual 

preventive action taken during the fire period. Thus, the monitor PM10  value may again be offset 

from the true but unknown mean PM10  across children. 

 Fifth, the reported fire smell related to the indoor environment where most of the time 

was spent, whereas outdoor PM10 levels are not sensitive to differences between children’s 

indoor environments.  

 The community-mean of the reported fire smell was highly correlated with measured 

PM10. However, others have shown that  community-mean reported annoyance of ambient air 
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pollution correlates highly with objective measurements, whereas individual scores may poorly 

correlate with the home outdoor NO2 measurements (16). Reporting was associated with health 

status and sex. A recent review also concluded that reported exposure to traffic was poorly 

associated with objective data (17). It is not clear whether findings for reported ambient air 

pollution also apply to fire smoke perception. Reporting of fire smoke may be less affected by 

personal attitudes than reported ambient air pollution given the strong smell of fire smoke, the 

visibility of the problem, and the exceptional situation of the fire period. Reporting was also 

associated with sex. Eye symptoms, cold, medication, and doctor visits were significantly more 

often reported among girls whereas boys were more likely to report wheezing (data not shown). 

However, sex did not confound nor modify the main effects of fire smoke. 

In conclusion, while it is neither possible to dismiss the possibility of biases nor to 

quantify its effects on our results, we believe that the arguments outlined above support the 

questionnaire-based results.  

 

Effect of fire smoke on asthmatics: With the exception of bronchitis, we always observed larger 

coefficients of reported fire smoke among the non-asthmatics, a general pattern also true for the 

between-community comparison. However, the smaller effect sizes in asthmatics must be seen in 

light of the much higher baseline rates for all symptoms among these children (see Table 3 and 

4). Therefore, a small increase in the relative risk may constitute a much larger effect in the 

asthmatics then in the non-asthmatics. This is apparent in Figure 2. Symptom rates among 

asthmatics with no fire were generally as high as those among non-asthmatics with 1-5 days of 

fire smoke.  
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 Asthmatic children were usually treated and may have had better access to medical 

treatment. A CDC surveillance reported increased over-the-counter sales of medication 

following this 2003 fire period (13). The fire questionnaire did not ask about specific treatments 

such as steroids.  

 We also have evidence that asthmatics were more likely to change their behavior (data 

not shown). For example, 15% of asthmatics reported to have worn a mask for at least some 

days, whereas only 2% of non-asthmatics reported taking this personal protective measure. More 

asthmatics reported reduction in time spent outdoors, outdoor sports, and indoor physical activity 

due to the fire than non-asthmatics. This is in line with results from a previous California fire 

study indicating that those with preexisting conditions were more likely to follow public 

advisories to prevent smoke exposure (18). The use of air cleaners in that study was twice as 

high among those with preexisting health problems.  

 During a 1987 fire period in California, emergency room visits due to asthma and a range 

of upper and lower respiratory problems increased significantly beyond the expected rates (19). 

This was also observed in San Diego county during this 2003 wildfire (5). Large fires in 

Lithuania also affected crude rates of asthma exacerbation (20). Australian scientists found 

inconclusive results in their investigation of bushfire effects among a panel of 32 children with 

asthma. Only evening wet cough was associated with fire smoke (21). Interaction with 

medication use was not assessed (7), but statistical power may have been a major limitation.  

 We conclude that the much higher background rates of symptoms to be the major reason 

for the weaker effect estimates observed among asthmatics, and that limitations in the assessment 

of asthma activity, severity and medication added further random error to the assessment of 

effects in asthmatics. 
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 We did investigate effects of fire on boys and girls separately (data not shown). Although 

baseline frequencies differed by sex for some symptoms, sex did not confound nor modify the 

effects of fire smoke. 

 

Long-term ambient air pollution and fire smoke:  Some of the CHS communities with high long-

term ambient pollution were heavily affected by fire, thus we investigated confounding by long-

term exposure to air pollution (data not shown). Communities with high long-term pollution had 

significantly higher reporting of “bronchitis” and “missed school”. However, the long-term mean 

ambient PM did not confound the association between fire smoke and fire-related outcomes.  

Regular exposure to wood smoke has been reported to be a risk factor for chronic respiratory 

diseases (22). Tan et al. have shown that acute exposure to wildfire smoke was associated with 

the stimulation of the bone marrow to release polymorphonuclear leukocytes in men, which 

reflects a systemic response that may be relevant to subsequent lung injury (23, 24). However, 

the long-term relevance of a single wildfire exposure is not clear. Follow-up of the CHS fire 

study participants may allow an investigation of the long-term consequences of this unusual 

episode.  

 We stratified the analyses by cohort to investigate age-related differences in the effect of 

fire smoke. Results among the (larger) cohort of elementary-school children were more often 

statistically significant than in the cohort of high-school students. Coefficients tended to be larger 

in the latter, though, in particular for the between-community estimates (data not shown). It is, 

however, difficult to assign these differences to age, given the differences in the study methods, 

with parents reporting for their young children and high-school students self-reporting 

symptoms. 
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 Participation rates immediately following the fires in 2003 were low in some cities, so the 

presence of possible selection bias based on exposure and/or symptoms might have been an 

issue. However, survey administration efforts during 2004 resulted in increased response rates. 

We evaluated the effect of time elapsed since the fire on reported symptom prevalence. For some 

symptoms, the likelihood of reporting steadily decreased as time elapsed between the fire and 

answering the questionnaire (results not shown). Reporting of eye-related symptoms increased 

with elapsed time. This analysis demonstrates the importance of obtaining symptom-related 

information from study subjects in as timely a manner as possible following an unexpected 

natural event or emergency. Attempts to maximize early responses are important strategies for 

future studies. Inclusion of some control outcome not believed to be affected by fire smoke (e.g. 

stomach or digestive complaints) could have enhanced the assessment of reporting biases. 

Our study suggests there was a beneficial effect of wearing masks, spending less time 

outdoors, and/or using air conditioning – actions which were recommended during the fire by 

public health agencies and the media. As recently shown in a fire smoke intervention study 

conducted in Colorado, ventilation patterns including the use of air filters can have substantial 

effects on the indoor levels of fire-related particulate matter (25), thus our results are plausible. 

However, because our assessment of exposure, symptoms, and preventive action were cross-

sectional and self-reported, caution is appropriate in the interpretation of these results. 

 In summary, this investigation indicates substantial effects of fire smoke on children’s 

health. The study provides suggestive evidence for protective health benefits of simple strategies 

such as staying indoors, wearing a mask, or the use of air conditioners during wildfire smoke 

periods. 
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Figure Legends  
 
 
Figure 1. Satellite image of South California taken on October 24th 2003 showing the smoke 
plumes from numerous fires. Locations of the 16 CHS communities participating in the fire 
study are highlighted. Image courtesy of MODIS Rapid Response Project at NASA/GSFC. 
 
 
Figure 2. Effect of reported smell of fire smoke indoors (during 1-5, >5 days, respectively) for 
four symptoms among non-asthmatics and asthmatics. OR and 95% CI from models with 
interaction terms for asthma and fire, adjusted for sex, ethnicity, educational level of parents, and 
cohort). No asthma, no fire = reference.   



 
 

Table 1. High-school students and parents (elementary-school children) responding to the fire questionnaire within 8 weeks of the fire 
(early response; Nov/Dec 2003) and total response (including January to June 2004 during CHS health visits). 
Community High-school students (17-18yr old) Elementary-school children (6-7yr old) 

 Baseline 
population 

Early response 
(2003)  N (%) 

Total response 
2003/04     N (%) 

Baseline 
population 

Early response 
(2003)  N (%) 

Total response 
2003/04  N (%) 

Alpine 75 35 (46.4) 70 (93.3) 397 165 (41.5) 299 (75.3) 

Anaheim --- --- --- 419 90 (21.4) 251 (59.9) 

Atascadero 74 68 (91.8) 70 (94.5) --- --- --- 

Glendora --- --- --- 466 228 (48.9) 374 (80.2) 

Lake Arrowhead 70 28 (40.5) 67 (95.7) 401 163 (40.6) 301 (75.0) 

Lake Elsinore 66 23 (35.3) 62 (93.9) 386 254 (65.8) 254 (65.8) 

Lancaster 64 27 (41.5) 61 (95.3) --- --- --- 

Lompoc 80 32 (40.0) 78 (97.5) --- --- --- 

Long Beach 85 35 (41.6) 79 (92.9) 366 87 (23.7) 239 (65.3) 

Mira Loma 64 51 (78.4) 62 (96.8) 510 280 (54.9) 286 (56.0) 

Riverside 69 53 (76.8) 67 (97.1) 439 150 (34.1) 285 (64.9) 

San Bernardino --- --- --- 410 94 (22.9) 255 (62.1) 

San Dimas 74 39 (52.7) 74 (100) 393 169 (43.0) 213 (54.1) 

Santa Barbara --- --- --- 468 166 (35.4) 360 (76.9) 

Santa Maria 66 25 (39.0) 62 (93.9) 470 125 (26.5) 311 (66.1) 

Upland 86 39 (46.4) 82 (95.3) 426 198 (46.4) 347 (81.4) 

Total  873 (100) 455 (52.4) 834 (95.5) 5,551 (100) 2,169 (39.0) 3,775 (68.0) 

 



 
 

Table 2. Prevalence of reported smell (in %) of fire smoke indoors (by cohort), 5-day mean PM10 during the fire period *, and long-
term ambient PM10 in the 16 communities. (Rows do not add up to 100% due to rounding and a few ‘don’t know’ answers). 
 

Town      High-school students 
(N=834) 

Elementary-school children 
(N= 3,775) 

PM10 in µg/m3 

 Not 
at all 

1-2 
days 

3-5 
days 

≥6 
days 

Not at 
all 

1-2 
days 

3-5 
days 

≥6 
days 

5-day mean 
(fire period) 

1992-2003 
mean 

Alpine          27.1 21.4 20.0 31.4 21.1 23.8 19.1 33.6 201 25.3 

Anaheim      ---- ---- ---- ---- 64.4 10.2 6.4 13.6 132 36.9 

Atascadero  97.1 1.4 0 0 ---- ---- ---- ---- 52 21.3 

Glendora     ---- ---- ---- ---- 54.4 20.9 8.4 13.9 158 32.5 

Lake Arrowhead  63.6 14.6 12.1 10.6 57.7 20.1 10.4 9.4 172 19.8 

Lake Elsinor    64.5 17.7 3.2 9.7 59.0 16.1 10.8 11.7 104 35.6 

Lancaster       45.9 29.5 11.5 9.8 ---- ---- ---- ---- 45 29.0 

Lompoc          88.5 2.6 1.3 5.1 ---- ---- ---- ---- 32 14.4 

Long Beach    63.3 17.7 11.4 5.1 62.2 15.9 5.2 11.6 135 36.8 

Mira Loma     54.1 16.4 13.1 16.4 47.1 13.2 13.2 23.2 250 66.3 

Riverside       52.2 13.4 14.9 16.4 47.1 16.4 12.9 16.4 172 42.3 

San Bernardino  ---- ---- ---- ---- 24.2 15.3 13.3 41.1 199 51.0 

San Dimas        55.6 19.4 11.1 12.5 45.5 15.8 18.7 16.8 191 36.7 

Santa Barbara   ---- ---- ---- ---- 80.3 9.7 2.9 2.6 30 28.2 

Santa Maria      90.3 6.5 0 1.6 90.8 2.6 0.3 1.6 51 22.0 

Upland             26.6 7.6 24.1 39.3 20.1 18.6 20.4 39.0 252 40.7 

* 5-day means had to be estimated for San Dimas, Glendora, Anaheim, San Bernardino and Alpine (3 days); see online supplement



  
 

Table 3. Prevalence (in %) of symptoms reported for the fire period, by study cohort and by asthma status (based on the last 
Children’s Health Study questionnaire available prior to the fire) 
Symptom High-school students 

(N=834) 
Elementary-school children 

(N=3,775 ) 
Both cohorts   (N=4,609 ) 

 No 
asthma 
(N=616) 

Asthma 
(N=218) 

All No asthma 
(N=3,287) 

Asthma 
(N=488) 

All 
 

No 
asthma 

(N=3,903) 

Asthma 
(N=706) 

All 
 

Itchy / watery eyes 41.1 47.7 42.8 29.9 51.6 32.8 31.7 50.4 34.6 

Irritated eyes 41.6 50.9 44.0 30.9 51.8 33.6 32.6 51.5 35.5 

Sneezing / blocked nose 38.6 49.3 41.4 37.6 65.8 41.3 37.7 60.7 41.3 

Cold 26.0 27.5 26.4 24.4 33.9 25.7 24.7 31.9 25.8 

Sore throat 32.3 41.3 34.6 30.8 42.5 32.3 31.0 42.1 32.7 

Dry cough at night 14.3 22.5 16.4 24.1 49.3 27.4 22.6 41.0 25.4 

Dry cough 1st in morning 13.0 19.3 14.6 20.7 43.5 23.7 19.5 36.0 22.0 

Dry cough other times 17.5 28.4 20.3 19.3 43.8 22.4 19.0 39.0 22.0 

Wet cough 13.7 16.2 14.5 12.9 24.0 14.3 13.0 21.6 14.3 

Wheeze / general 7.3 18.9 10.4 6.8 39.9 11.0 6.8 33.3 10.9 

Wheeze/ disturbed sleep 2.3 7.0 3.5 3.5 21.9 5.8 3.3 17.3 5.4 

Wheeze/ limited speech 1.0 1.9 1.2 0.9 4.3 1.3 0.9 3.5 1.3 

Asthma attack 1.0 11.0 3.6 1.3 17.4 3.3 1.2 15.4 3.4 

Bronchitis 3.3 2.8 3.1 3.7 9.9 4.5 3.6 7.7 4.2 

Medication * 12.9 23.6 15.7 23.7 50.6 27.2 22.0 42.3 25.1 

Visit a doctor * 5.6 9.7 6.7 9.8 22.0 11.4 9.2 18.2 10.6 

Missed school * 9.8 14.7 11.1 11.8 24.8 13.5 11.5 21.7 13.1 

* For above problems 



  
 

Table 4. Main effect of fire smoke on all outcomes (Odds Ratios  and 95% confidence intervals). Within-community ORs are based 
on individually reported smell of fire smoke indoors (no fire smell = reference (OR=1.0; not shown); 1-5 days, and ≥6 days of fire 
smell). Between-community ORs show the associations scaled to the contrast in PM10  between the community with the highest and 
lowest levels respectively (approximately 210 versus 30µg/m3). Models are adjusted for baseline asthma, ethnicity, parental education, 
and study cohort. Statistically significant estimates (p ≤0.05) are bolded.   

 

Symptom Within-community (reported) 
Between-community 

(PM10) 
  OR1-5 

days 
95%CI OR≥6 

days 
95%CI OR210 95%CI 

Itchy / watery eyes 2.26 1.90 - 2.68 4.11 3.36 - 5.02 2.97 2.00 - 4.40 

Irritated eyes 2.38 2.01 - 2.82 4.42 3.61 - 5.41 3.13 2.15 - 4.55 

Sneezing; runny/blocked nose 1.98 1.68 - 2.33 2.79 2.30 - 3.39 1.94 1.44 - 2.61 

Cold 1.50 1.25 - 1.81 2.13 1.73 - 2.63 0.92 0.67 - 1.25 

Sore throat 1.81 1.53 - 2.14 2.50 2.05 - 3.05 1.79 1.45 - 2.20 

Dry cough at night 2.25 1.87 - 2.71 3.35 2.71 - 4.15 1.92 1.38 - 2.67 

Dry cough first thing morning 2.24 1.85 - 2.72 2.91 2.33 - 3.63 1.93 1.36 - 2.73 

Dry cough other times 2.67 2.20 - 3.24 3.27 2.61 - 4.09 2.49 1.86 - 3.33 

Wet cough 1.42 1.13 - 1.79 2.15 1.67 - 2.77 1.01 0.72 - 1.41 

Wheezing or whistling 2.15 1.63 - 2.83 3.53 2.62 - 4.75 1.37 0.86 - 2.20 

Wheeze/ disturbed sleep 2.29 1.56 - 3.37 4.94 3.33 - 7.33 0.89 0.56 - 1.42 

Wheeze/ limited speech 2.23 1.03 - 4.83 5.49 2.63 - 11.48 0.78 0.29 - 2.10 

Asthma attack 1.32 0.84 - 2.07 1.63 1.00 - 2.67 1.03 0.58 - 1.80 

Bronchitis 1.33 0.87 - 2.02 2.23 1.45 - 3.43 0.79 0.39 - 1.59 

Medication for above problems 1.82 1.51 - 2.19 2.33 1.89 - 2.88 1.38 1.03 - 1.84 

Visit a doc for above problems 1.33 1.02 - 1.74 2.03 1.53 - 2.71 0.81 0.59 - 1.12 

Missed school for above problems 1.59 1.25 - 2.02 2.24 1.72 - 2.91 0.96 0.72 - 1.27 

 



  
 

Table 5. Odds ratios for symptoms among those with and without preventive actions and with no reported smoke exposure (referent 
group), 1-5 or ≥6 days of fire smoke smell indoors, respectively. (Total N varies between 4’017 and 4’069 due to varying number of 
‘don’t know’ answers) * 
 

Symptom

OR OR OR OR OR OR

N 3673 396 3158 911 1371 2698
1.00 - - 1.00 1.00 1.00 1.00 1.00
2.01 ( 1.70 - 2.39 ) 1.58 ( 0.86 - 2.91 ) 2.14 ( 1.77 - 2.59 ) 1.75 ( 1.26 - 2.43 ) 1.84 ( 1.25 - 2.73 ) 1.76 ( 1.46 - 2.11 )
2.81 ( 2.27 - 3.47 ) 2.30 ( 1.22 - 4.31 ) 3.05 ( 2.42 - 3.85 ) 2.23 ( 1.52 - 3.25 ) 2.54 ( 1.60 - 4.01 ) 2.47 ( 1.98 - 3.09 )

N 3630 387 3111 906 1357 2660
1.00 1.00 1.00 1.00 1.00 1.00
2.05 ( 1.51 - 2.79 ) 1.50 ( 0.68 - 3.31 ) 2.29 ( 1.64 - 3.18 ) 1.79 ( 1.79 - 3.07 ) 4.80 ( 2.51 - 9.20 ) 1.76 ( 1.28 - 2.42 )
3.47 ( 2.49 - 4.85 ) 2.23 ( 1.52 - 3.25 ) 3.46 ( 2.41 - 4.98 ) 3.00 ( 1.71 - 5.27 ) 7.65 ( 3.74 - 15.63 ) 2.91 ( 2.06 - 4.09 )

Use of mask Air conditioner use Less outdoors
No Yes No Yes No Yes

( 95% CI )
Sneezing or runny/blocked nose

No fire smell (referent)
1-5 days fire smell

( 95% CI ) ( 95% CI ) ( 95% CI ) ( 95% CI )( 95% CI )

6 or more days fire smell

exposure level

6 or more days fire smell
Wheezing

No fire smell (referent)
1-5 days fire smell

 
 
* The interactions of fire smell and preventive actions were statistically significant (likelihood ratio test; p<0.05) for mask and air 
conditioner use in case of sneezing/blocked nose, and for ‘less outdoors’ in case of wheezing. Note that in each exposure category, 
those taking preventive action had higher symptom rates than those not taking action (see text).
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Figure 2.  
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METHODS 
 

The methodological approach of the CHS cohort studies have been previously described 

in detail (E1, E2). The Southern California Children’s Health Study (CHS) began in 1993 and 

currently consists of five cohorts of children (A to E), recruited between 1993 and 2003 to 

investigate the long-term effects of anthropogenic ambient air pollution on respiratory health 

(E3-E11). The general CHS design consists of repeated annual health assessments of the same 

children to follow the course of pulmonary function growth and possible chronic respiratory 

diseases.  

Cohorts were recruited from community schools with a wide range and diversity of long-

term mean air quality, based on available information for O3, NO2, acids, and PM10 (E12). 

Annual CHS health assessments were performed between October and June at school with the 

support and cooperation of the respective school districts.  

The fire questionnaire study focused on accessible cohort participants, mainly high- 

school students of an ongoing CHS investigation (E2), and elementary-school children of the last 

(fifth) CHS cohort (E13). The student cohort was initially recruited in Fall 1995 as fourth graders 

(aged 9 to 10 yrs), and their respiratory health status (using standardized questionnaire, a brief 

clinical interview, and maximal lung function measurements) was assessed annually through 

high school graduation in June 2004. During the fire period of the current study, the participants 

(n= 873) were 12th graders (17 to 18 years old). The younger children were recruited in the 

2002/2003 school year at age 5 to 6 yrs, with originally 5,580 enrollees from kindergarten and 

first grade, including schools from 13 communities, nine of which were the same as in the other 

CHS cohorts.  
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The 2003 Southern California fires peaked in all CHS communities between October 20th 

and November 2nd. During Nov/Dec 2003 – i.e. within three to eight weeks after the fire – 

parents of the young children received a bilingual questionnaire (English and Spanish version), 

and high-school students completed the analogous questionnaire (English only; see online data 

supplement) in school. Participants in communities with a previously-scheduled school visit for 

Nov/Dec 2003 received the fire questionnaire as an addition to the usual health assessment (Mira 

Loma, Riverside, and Atascadero in students; Mira Loma and Lake Elsinore in the young 

cohort). Parents and students of all other towns received the questionnaire up to three times by 

mail (mailed 11/21/03, 12/5/03 and 12/17/03). The mailing included a letter, a pre-stamped 

return envelope, and the one-page (two-sided) fire questionnaire (see online data supplement). 

The first three weeks of the questionnaire study made it clear that mail-correspondence response 

rates were unsatisfactory (see Table 1 in the main manuscript). Thus, it was decided to add the 

fire questionnaire as an annex to the ongoing CHS field visits during the first 6 months of 2004. 

Study protocol and questionnaires were approved by the institutional review board for human 

studies at the University of Southern California. 

 

Reported health and fire exposure (the Fire Questionnaire) 

Each participating subject completed a specially-designed fire study health questionnaire 

(see online data supplement). The Fire Questionnaire (FQ) was divided into two broad 

categories, health and exposure. Symptoms were evaluated on the first page of the survey. A 

question about residential property loss due to the fire was also included as a measure of extreme 

stress. Questions regarding wheeze, cough, bronchitis, and asthma attacks were identically 

worded to previously-administered annual CHS follow-up questionnaires. However, the fire 
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questionnaire restricted the period of reporting interest to the ‘two weeks of the October 2003 

fire period’. Categorical responses for symptom queries were “yes/no/don’t know”.  

The second part of the fire questionnaire asked about exposure to fire smoke and personal 

measures taken to modify this exposure (including evacuation, wearing of masks, reduction in 

time spent outdoors, and changes in physical activity). To quantify exposure duration, 

questionnaire response categories included the following: “not at all”, “1-2days”, “3-5days”, “6-

10 days”, or “all days” (i.e., up to two weeks). 

 

Objective fire smoke characterization 

Questionnaire responses to inquiries about wildfire smoke from individual subjects were 

the primary source of information used to assess exposure differences between subjects within 

study communities. However, objective measurements of PM10 levels were available to 

characterize the community mean level of PM at the time of the wildfires. Using the available 

regional air-monitoring network database, we assembled a set of PM10 monitoring data and 

identified the five days with the highest levels. As shown by other investigators for this fire 

period (E14, E15) and of other fires (E16), PM10 was the strongest marker of fire smoke 

pollution. Visual inspection of monitoring data revealed a common pattern of elevated PM10 

concentrations occurring between October 22nd and 29th. The earliest PM10 peak period was 

observed in Lake Arrowhead (Oct 20 to 24), a community directly affected by fires. In most 

other towns, peak periods began on October 24th, with the latest peak period occurring in 

Riverside (10/25 to 10/29). High concentration periods lasted approximately five days, and 

maximum peak and five-day means were highly correlated. Based on these observations, we 

used the five-day mean PM10 level to characterize fire smoke.  
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 A major challenge to the objective determination of ambient pollution levels during the 

fire period was missing air quality data due to fire-related closure of two monitoring stations or 

monitoring station data being absent or limited to one or a few days. Estimates of the average 

PM10 during the five days with the highest fire activity had therefore to be estimated (E14). Daily 

MODIS satellite images at a 250-m resolution were obtained from the NASA’s Distributed 

Active Archive Center for the fire days. Monitoring stations and smoke-covered areas were geo-

coded and assigned appropriate smoke density values (0=no smoke; 1=light smoke; 2=heavy 

smoke). Daily PM10 measurements from limited monitoring stations were averaged based on the 

smoke density. For stations with no valid five-day PM10 measurements (Alpine, San Dimas, 

Glendora, Anaheim, and San Bernardino), daily PM10 concentrations were estimated using 

available information by the following order: 1) PM10 measurements at nearby sites under the 

same smoke plume (e.g. a PM10 concentration of 358 μg/m3 at Upland was assigned to San 

Dimas on 10/26); 2) PM10 measurements at sites under similar smoke conditions (e.g. an average 

PM10 concentration of 117 μg/m3 at Upland and Long Beach was assigned to Glendora on 

10/28); 3) PM2.5 measurements at nearby sites under the same smoke (e.g. a PM10 concentration 

of 300 μg/m3 was assigned to Alpine on 10/27 based on a PM2.5 concentration of 239 μg/m3 at 

Chula Vista, San Diego); 4) averaged PM10 concentration under the same smoke density (e.g. a 

PM10 concentration of 200 μg/m3 was assigned to Alpine on 10/28 based on the average PM10 

concentration over all stations under the heavy smoke condition). 

In summary, five-day average PM10 concentrations were estimated for five out of the 

sixteen communities with missing measurements. San Dimas, Glendora, and Anaheim had all 

five days (10/24 to 10/28) estimated, and San Bernardino had four days (10/25 to 10/28) 

estimated.  Since Alpine was directly affected by the fires from 10/26 to 10/28, PM10 
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concentrations at Alpine were averaged over only the three fire days with one day (10/26) 

measured and two days estimated PM10  (10/27 to 10/28). PM10 estimates of the 5-day means 

from these communities as well as from those with monitoring stations are shown in Table 2 of 

the main manuscript. 

The reported fire smell data indicated substantial differences between participants living 

within the same communities. Our questionnaire did not ask about the specific locations children 

spent their time during the fires, thus, part of these within-community differences may originate 

from unknown patterns of evacuations. However, there was anecdotal evidence for substantial 

local differences in fire smoke density. Thus, to corroborate the reported within-community 

contrasts in fire smoke we used the above mentioned PM10 models (E14) to estimate 

concentration gradients within small areas.  

First, we created a 25-km buffer around three CHS communities in the downwind area of 

several fires (Glendora, San Dimas and Upland). The satellite image (10/26/03) with the buffer 

zone is shown in Figure E1. We overlaid a 1km×1km grid within the buffer area, and extracted 

PM10 concentrations from interpolated pollution surfaces to each of the grid points from 

10/24/2003 to 10/28/2003, five peak days of the wildfire period in this region. Table E1 

summarizes the distribution of the five-day averages within the buffer. The table confirms large 

differences within the buffer with concentrations being almost four times higher in some grid 

points. 

Secondly, we decreased the geographic area to the size more typical for a single CHS 

community. We show results for one example, namely a 10-km buffer around San Dimas. Table 

E2 summarizes the range, median, mean and standard deviation for the estimated PM10 

concentration in the study region for each of the five days. The results provide strong evidence 
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for substantial temporal (day-to-day) differences in smoke concentrations, and as well very large 

(i.e. two to three-fold) spatial gradients across the grid points. 

 

Statistical analyses 

To investigate the association between fire smoke exposure and symptoms, we chose 

multi-level approaches to distinguish within-community differences in exposure from the 

contrasts between communities. Survey questions about the smell of fire at home outdoors and 

indoors (Items B7 and B8 of the FQ, see online data supplement) were used to parameterize 

(reported) exposure. Results were very similar between these two questions, so we used the smell 

of fire smoke indoors (B8) as the primary measure of exposure. Using the indoor exposure 

questions allowed the capture of exposures where people spent most of their time and 

incorporated possible unmeasured differences in exposure due to housing characteristics 

(tightness of building, use and efficiency of air conditioner, ventilation etc.).  

The outcome variables were generally modeled as a binary response, excluding ‘don’t 

know’ and missing responses from the analyses.  

Exposure responses were coded as ordinal variables with five categories for “not at all”; 

“1-2 days”; “3-5 days”; “6-10 days”; and “all days”. Two components were created for the 

exposure response. The first was a between-community measure, created from the community-

specific mean response. The second was a within-community response, created by subtracting 

the community mean from the individual response. 

The effects of fire smoke on the occurrence of symptoms (A=1) was modeled using a 

mixed-effects model with a logistic link. That is, 
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where 1β  estimates the within-community effect and 2β  the between-community effect. iz  

represents the individual exposure response of subject i, and cz the community-mean exposure 

response. iX  are individual level covariates and ce reflects the normally distributed error term 

with mean zero. α  denotes the intercept. Random effects for ‘community’ were included in the 

model. 

Non-parametric models with four dummy variables for the individual-level exposure ( 1β ) 

confirmed the linear trend across the five ordinal categories chosen in the questionnaire, 

indicating, however, that risk contrasts between the two lowest categories (no fire versus 1-2 

days) and the two highest categories (6-10 versus ≥10 days) tended to be smaller than risk 

gradients between category 2, 3, and 4. Therefore, we conducted an additional set of analyses 

using only three indicator variables of ‘fire smell’ (no fire; 1 to 5 days; ≥6 days) and we present 

results from these models (odds ratio’s (OR)) for the intermediate and highest level versus the 

reference category of no fire, respectively.  

 

The first set of analyses was based on the reported levels of fire smoke smelled at home 

indoors. These estimates ( 1β  and 2β ) reflected the change in symptoms’ frequency due to an 

increase in the duration of (perceived) fire smell. In a second set of models, we replaced the 
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reported community mean smoke ( cz ) with the ambient five-day mean PM10 levels. Thus, these 

between-community estimates reflected the change in symptoms for a change in ambient PM10 

during the five most extreme days of fire smoke. In our reported analyses, we provide results for 

the lowest to highest contrast in the five-day mean ambient PM10 (approximately 210 µg/m3 

PM10). 

We initially analyzed the data of each cohort separately using only questionnaires 

provided within 2 months after the fire (2003 responders) with adjustment for participation rates. 

The latter differed across communities and correlated with fire smoke and with long-term urban 

air pollution such as PM2.5 or PM10 (see Table 2 in the main manuscript).  

In a subsequent step, we added questionnaire data collected in 2004 to increase the 

sample size. Controlling for long-term community average background level pollution (PM2.5), 

age, year of responses, time elapsed between fire and response to the fire questionnaire, and 

community-specific early response rates (2003) did not have much influence on the main effect 

coefficients. Despite inherent differences between the two cohorts (see Table 1 in main 

manuscript), the main effects of fire smoke on symptoms were similar in both elementary and 

high-school students. Thus, the parsimonious final models used the full data set (2003/2004) of 

both cohorts and included the covariates sex, ethnicity, educational level of parents, asthma 

status prior to the fire (doctor diagnosed asthma), and cohort.  

Baseline rates of asthma-related symptoms strongly differed between asthmatics and non-

asthmatics. Accordingly, all analyses were also stratified by asthma status (defined as asthma 

diagnosed by a doctor up to the last questionnaire information received prior to the fire). 
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Figure Legends 

 

Figure E1.  Daily PM10 concentrations within the 25-km Buffer in the Glendora-San Dimas-
Upland Region on 10/26/2003 (unit: µg/m3; 1x1km grid points).  Image courtesy of MODIS 
Rapid Response Project at NASA/GSFC. 



 

Table E1. Statistics of estimated daily PM10 concentrations within the 25-km buffer in the 
Glendora-San Dimas-Upland Region (10/24/2003 -10/28/2003; unit: µg/m3; 1x1km grid points) 

 
 N Min Max Mean Median STD 

Five-day average PM10 3052 69 245 153 151 53 
Daily PM10 14687 43 380 156 134 76 

 
 
 
 
Table E2. Statistics of estimated daily PM10 concentrations within the 10-km buffer in San 
Dimas (10/24/2003 -10/28/2003; unit: µg/m3). Based on 305 PM10 estimates (1x1km grid points) 
 

 N Min Max Mean Median STD 
Five-day average 305 94 206 146 147 30 
Daily – 10/24 305 105 139 123 123 8 

   – 10/25 305 54 250 115 99 55 
   – 10/26 305 90 337 220 240 74 
   – 10/27 305 112 180 157 158 19 
   – 10/28 305 70 175 116 123 23 

 



 

 

Table E3.  Independent effect (OR and 95% CI) of doctor diagnosed asthma (prior to fire 
season) on reported health outcomes related to the fire period. The odds ratios are based on the 
same multivariate model as the main results presented in Table 4 of the main manuscript. Thus, 
these effects are independent of these adjustment co-variates (fire smoke (reported within-
community and community level PM10 ), ethnicity, parental education, and study cohort (high-
school students versus elementary-school children)). 

 
Symptom OR low/up 95%CI 
Itchy / watery eyes 1.98 1.65 - 2.38 
Irritated eyes 1.97 1.64 - 2.37 
Sneezing / blocked nose 2.49 2.08 - 2.99 
Cold 1.38 1.14 - 1.67 
Sore throat 1.46 1.22 - 1.75 
Dry cough at night 2.44 2.01 - 2.95 
Dry cough 1st in morning 2.52 2.07 - 3.06 
Dry cough other times 2.62 2.17 - 3.19 
Wet cough 1.79 1.44 - 2.24 
Wheeze / general 7.40 5.89 - 9.29 
Wheeze/ sleep disturbed 6.72 4.97 - 9.08 
Wheeze/ limited speech 4.35 2.41 - 7.84 
Asthma attack 16.69 11.25 - 24.77 
Bronchitis 2.17 1.51 - 3.12 
Medication 2.88 2.39 - 3.47 
Visit a doctor 2.40 1.88 - 3.06 
Missed school 2.35 1.88 - 2.94 



 

Table E4. Effect of fire smoke among non asthmatics (same model as in Table 4; adjusted for ethnicity, parental education, and 
study cohort). Those without asthma in the previous assessments but reporting asthma attacks or doctor diagnosed asthma in the Fire 
Questionnaire are excluded (N=3,866). Statistically significant estimates at (p ≤0.05) are bolded. 

 
Symptom Within-community (reported) Between-community 

(PM10) 
  OR1-5 

days 
low/up 95%CI OR≥6 

days 
low/up 95%CI OR210 low/up 95%CI 

Itchy / watery eyes 2.37 1.96 - 2.86 4.41 3.52 - 5.54 2.96 1.94 - 4.51 

Irritated eyes 2.50 2.07 - 3.02 5.08 4.04 - 6.39 3.03 2.06 - 4.47 

Sneezing / blocked nose 1.93 1.61 - 2.31 3.04 2.44 - 3.78 2.00 1.40 - 2.87 

Cold 1.52 1.24 - 1.87 2.61 2.06 - 3.31 0.95 0.66 - 1.35 

Sore throat 2.03 1.68 - 2.45 3.02 2.41 - 3.78 1.78 1.39 - 2.28 

Dry cough at night 2.30 1.86 - 2.85 3.37 2.64 - 4.31 2.08 1.53 - 2.83 

Dry cough 1st in morning 2.35 1.87 - 2.94 3.23 2.49 - 4.18 1.98 1.33 - 2.97 

Dry cough other times 2.38 1.91 - 2.98 2.92 2.24 - 3.80 1.98 1.49 - 2.63 

Wet cough 1.52 1.17 - 1.99 2.28 1.69 - 3.08 1.14 0.78 - 1.68 

Wheeze / general 2.02 1.37 - 2.98 4.36 2.92 - 6.52 1.66 1.01 - 2.72 

Wheeze/ sleep disturbed 1.82 0.88 - 3.75 8.86 4.70 - 16.68 0.62 0.29 - 1.31 

Wheeze/ limited speech 3.69 0.87 - 15.59 13.76 3.76 - 50.37 1.07 0.25 - 4.54 

Asthma attack ---- ----   ---- ---- ----   ---- ---- ----   ---- 

Bronchitis 0.86 0.48 - 1.53 1.62 0.90 - 2.92 0.61 0.26 - 1.40 

Medication 1.82 1.47 - 2.26 2.38 1.86 - 3.04 1.40 1.00 - 1.96 

Visit a doctor 1.34 0.96 - 1.85 1.98 1.39 - 2.82 0.96 0.66 - 1.39 

Missed school 1.48 1.12 - 1.96 2.19 1.60 - 2.99 0.90 0.65 - 1.26 

 



 

Table E5. Effect of fire smoke among asthmatics (N=706) (same model as in Table 4; adjusted for ethnicity, parental education, and 
study cohort). “Asthma” includes both doctor diagnosed asthma at baseline (previous CHS assessments), and reporting asthma attacks 
or doctor diagnosed asthma in the Fire Questionnaire respectively. Statistically significant estimates (p ≤0.05) are bolded. 
Symptom Within-community (reported) Between-community (PM10) 

  OR1-5 
days 

low/up 95%CI OR≥6 
days 

low/up 95%CI OR210 low/up 95%CI 

Itchy / watery eyes 1.82 1.23 - 2.69 3.01 1.94 - 4.69 2.86 1.60 - 5.12 

Irritated eyes 2.03 1.35 - 3.03 2.72 1.74 - 4.27 3.90 1.85 - 8.23 

Sneezing / blocked nose 2.65 1.74 - 4.04 2.30 1.45 - 3.65 3.70 2.19 - 6.25 

Cold 1.63 1.06 - 2.49 1.08 0.67 - 1.73 1.04 0.61 - 1.77 

Sore throat 2.90 1.91 - 4.38 2.72 1.74 - 4.26 1.91 1.14 - 3.19 

Dry cough at night 2.04 1.36 - 3.04 3.07 1.97 - 4.79 1.42 0.77 - 2.64 

Dry cough 1st in morning 1.92 1.28 - 2.88 2.08 1.34 - 3.22 2.41 1.42 - 4.09 

Dry cough other times 2.67 1.78 - 4.01 2.79 1.79 - 4.34 2.75 1.46 - 5.17 

Wet cough 1.29 0.80 - 2.07 1.87 1.14 - 3.06 0.85 0.48 - 1.52 

Wheeze / general 2.22 1.46 - 3.39 2.33 1.47 - 3.69 1.07 0.58 - 1.97 

Wheeze/ sleep disturbed 2.65 1.57 - 4.48 3.16 1.79 - 5.55 1.05 0.54 - 2.03 

Wheeze/ limited speech 1.48 0.57 - 3.80 1.69 0.59 - 4.81 0.61 0.18 - 2.08 

Asthma attack 1.07 0.66 - 1.74 1.29 0.78 - 2.16 1.12 0.61 - 2.06 

Bronchitis 2.63 1.30 - 5.33 3.31 1.62 - 6.78 1.27 0.49 - 3.27 

Medication 1.75 1.18 - 2.60 2.06 1.34 - 3.17 1.64 1.00 - 2.71 

Visit a doctor 1.64 1.02 - 2.63 2.11 1.28 - 3.48 1.02 0.57 - 1.84 

Missed school 1.87 1.17 - 2.98 1.77 1.07 - 2.94 1.16 0.61 - 2.21 

 



 

Figure E1.  
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ONLINE SUPPLEMENTAL MATERIAL: Questionnaires used in the CHS Fire Study 
(Originals: 2-sided Letter size. (Provided upon request) 
 

• Front and back side of elementary-school children questionnaire (for parents), English 
version (FQ-E-engl-mail) 

• Front and back side of elementary-school children questionnaire (for parents), Spanish 
version (FQ-E-Span-mail)  

• Front and back side of high-school student questionnaire (FQ-D – engl –mail) 
 

 

 

  
 



ID _________________ (for office use only)          FQ-E – engl - mail 
 

SURVEY OF EFFECTS OF THE OCTOBER 2003 FIRES 
USC AIR STUDY 

Para obtener este cuestionario en español llamenos gratis 1-877-442 7216 
 

IMPORTANT NOTE: THIS QUESTIONNAIRE REFERS ONLY TO THE TIME OF FIRES 
IN SOUTHERN CALIFORNIA DURING THE LAST 2 WEEKS IN OCTOBER 2003.  

We do NOT refer to any other fire you or your child may have experienced. 
ALL QUESTIONS RELATE ONLY TO THE CHILD PARTICIPATING IN THE USC AIR STUDY. 

If someone else in your family had fire-related problems, please do NOT include those in your answers. 
 

PLEASE TURN PAGE FOR PART B 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The child’s name is: {NAME}             
Is the name correct?         YES   If NOT: please make corrections:  

 

The child’s birthday is: {BIRTHDAY}    
  Is the birthday correct?    YES   If NOT: please make corrections:  

 
 

PLEASE FILL IN TODAY’S DATE: Month: Day: Year:  
 

PART A: HEALTH PROBLEMS DURING THE OCTOBER FIRES 
 

During the time of fires (the last 2 weeks of October 2003),  
did your child have any of the following: 

Please circle 
                             Don’t 
   No  or  Yes  or  know 

A1.    wheezing or whistling in the chest? N Y ? 
          IF YES:  A2. was your child’s sleep disturbed due to wheezing? N Y ? 

A3. was wheezing severe enough to limit your child’s speech   
       to only one or two words at a time between breaths? N Y ? 

A4.    sneezing or a runny or blocked nose? N Y ? 
A5.    itchy or watery eyes? N Y ? 
A6.    irritated eyes? N Y ? 
A7.    a dry cough at night? N Y ? 
A8.    a dry cough first thing in the morning? N Y ? 
A9.    a dry cough at other times of the day? N Y ? 
A10.  an asthma attack? N Y ? 
A11.  bronchitis? N Y ? 
A12.  a cold? N Y ? 
A13.  a sore throat? N Y ? 
A14.  a wet cough (congestion in the chest or phlegm production)? N Y ? 
A15.  take medication due to any of the above problems? N Y ? 
A16.  visit a doctor or nurse due to any of the above problems? N Y ? 
A17.  during the fire did a doctor diagnose your child with asthma for the first time? N Y ? 
A18.  did your child miss school due to any of the above health problems? N Y ? 
A19.  Was the house where your child usually lives destroyed from the fire? N Y ? 
 

A20. Did the smoke from the fires affect the health of your child in any other way?     No        YES  
         if YES: describe how it affected your child:  
 

 
{MAILING ADDRESS} 
 
 
 
 

         Is this the child’s current address?  
 YES. If NOT: please make changes here: 

Name: 
 

Street:                   apt# 
City/State/ZIP: 
 

When did the child move to this new address? 
MONTH:_____ YEAR:_____ 



PART B: SMOKE, LOCATION AND ACTIVITY DURING THE FIRES IN OCTOBER 2003  

THANK YOU VERY MUCH FOR SENDING THIS QUESTIONNAIRE BACK 
PLEASE USE THE PREPAID ENVELOPE 

 

The next questions ask about HOW MANY DAYS your child was in different locations, or 
exposed to smoke, or changed his/her usual activities. 

PLEASE CIRCLE THE NUMBER OF DAYS THAT APPLY 
 

On how many days during the time of fires  
(the last 2 weeks of October 2003) 

Not 
at all 

1-2 
days 

3-5 
days 

6-10 
days 

All 
days 

don’t 
know 

B1   …did your child stay at his/her usual home? 0 1-2 3-5 6-10 all ? 
B2   …did your child stay in an evacuation center or at 
                  someone else’s house? 0 1-2 3-5 6-10 all ? 

B3   …did your child miss school (for any reason)? 0 1-2 3-5 6-10 all ? 
B4   …did you use air conditioning when your child was  
                   At home? 0 1-2 3-5 6-10 all ? 

B5   …did your child wear a mask to protect the lungs? 0 1-2 3-5 6-10 all ? 
B6   …was your child exposed to smoky air during the fire? 0 1-2 3-5 6-10 all ? 
B7  …could you smell smoke outside the home where your 
                    child was staying during the fires? 0 1-2 3-5 6-10 all ? 

B8  …could you smell smoke inside the home where your 
                    child was staying during the fires? 0 1-2 3-5 6-10 all ? 

B9  …was the smoke so thick that you could not see more 
                    than a few blocks from where your child was 
                    staying during the fire? 

0 1-2 3-5 6-10 all ? 

B10 …was the smoke so thick that you kept your child  
                   indoors? 0 1-2 3-5 6-10 all ? 

B11 …did your child spend less time outdoors than usual? 0 1-2 3-5 6-10 all ? 
B12 …did your child spend less time doing physical  
                   activity indoors than usual? 0 1-2 3-5 6-10 all ? 

B13 …did your child spend less time doing outdoor sports 
                   than usual (for example the school cancelled  
                   recess or outdoor PE)? 

0 1-2 3-5 6-10 all ? 

 

B14. How close did the fire get to the place where your child stayed during the October 2003 fires? 
        (mark one box) 
 

              Within 1 block                   ½ to 1 mile            more than 5 miles 
              1 block to ½ a mile                   Within 1-5 miles            Don’t know 
 
 
Last Name and First Name of parent or guardian who lives in the child’s current home address: 
 
 
 
Phone numbers of this parent or guardian:  
          at home:                 at work:             cell: 
 
Your relationship to child:   mother          step mother        father     step father  

                              guardian       grandmother         grandfather  other 



ID _________________ (para uso en la oficina solamente) FQ-E – span - mail 
ENCUESTA SOBRE LOS EFECTOS DE LOS INCENDIOS DE OCTUBRE DEL 2003 

ESTUDIO SOBRE EL AIRE 
UNIVERSIDAD DEL SUR DE CALIFORNIA  

To obtain this questionnaire in English call us at 1-877-422-7216 

NOTA IMPORTANTE: ESTE CUESTIONARIO SE REFIERE SOLAMENTE AL TIEMPO EN EL QUE 
OCURRIERON LOS INCENDIOS EN EL SUR DE CALIFORNIA DURANTE LAS ULTIMAS DOS SEMANAS 

DE OCTUBRE DEL 2003. 
Nosotros NO nos referimos a ningún otro incendio que usted o su niño(a) hayan presenciado. 

TODAS LAS PREGUNTAS SON SOLO PARA EL NIÑO(A) QUE PARTICIPA EN EL ESTUDIO SOBRE EL AIRE A 
CARGO DE USC. 

Si alguien más de su familia tuvo problemas relacionados con los incendios, por favor NO los incluya en sus respuestas. 
 

VAYA AL REVERSO DE LA PAGINA A LA SECCION B 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
El niño(a) se llama:   {NAME}             
     ¿Es correcto el nombre del niño(a)?   Si       Si NO: por favor anote los cambios aquí:  
 

El cumpleaños del niño(a) es en: {BIRTHDAY}    
     ¿Es correcta la fecha de nacimiento del niño(a)?  Si      Si NO: por favor anote los cambios aquí: 

 

POR FAVOR ANOTE LA FECHA DE HOY: Mes:_______ Día______ Año:______ 
 

SECCION A: PROBLEMAS DE SALUD DURANTE LOS INCENDIOS DE OCTUBRE 
Durante el tiempo de los incendios (las últimas dos semanas de Octubre del 
2003),  ¿Tuvo su niño(a) algo de lo siguiente? 

Por favor circule 
                               
   No          Si        No sé 

A1.    chiflidos o silbidos en el pecho? No Si ? 
 SI ES ASI:  A2. ha sido interrumpido el sueño de su niño(a) debido a los chiflidos en el pecho? No Si ? 
                     A3. ha sido el chiflido en el pecho tan severo como para que cada dos palabras 
                            seguidas su niño(a) tuviera que parar para respirar?  No Si ? 

A4.    estornudo ó moquera ó naríz tapada? No Si ? 
A5.    ojos llorosos o con comezón? No Si ? 
A6.    ojos irritados? No Si ? 
A7.    una tos seca durante la noche? No Si ? 
A8.    una tos seca en las primeras horas de la mañana? No Si ? 
A9.    una tos seca en otras horas del día? No Si ? 
A10.  un ataque de asma? No Si ? 
A11.  bronquitis? No Si ? 
A12.  un resfriado? No Si ? 
A13.  le dolió la garganta? No Si ? 
A14.  una tos con gargajo (congestión en el pecho o producción de flemas)? No Si ? 
A15.  tuvo que tomar medicinas para alguno de los problemas antes mencionados? No Si ? 
A16.  visitó a un doctor o enfermera debido a alguno de los problemas antes mencionados? No Si ? 
A17.  durante los incendios un doctor le diagnosticó asma a su niño(a) por primera vez? No Si ? 
A18.  faltó su niño(a) a la escuela debido a alguno de los problemas antes mencionados? No Si ? 
A19.  se destruyó la casa donde su niño usualmente vive debido a los incendios? No Si ? 
A20.  afectó el humo de los incendios la salud de su niño(a) en algún otro aspecto?     No        Si 
          SI ES ASI: describa como le afectó a su niño(a):  

 
{MAILING ADDRESS} 
 
 
 
 

     ¿Es éste el domicilio actual del niño(a)? 

�  SI.     Si  NO: anote los cambios aquí: 

Nombre: 
Calle:                    dept# 
Ciudad/Estado/Código postal: 
¿Cuándo se mudó su niño(a) a éste nuevo domicilio? 
MES:_____ AÑO:______ 



SECCION B: HUMO, LOCALIZACION Y ACTIVIDADES REALIZADAS DURANTE LOS 
INCENDIOS DE OCTUBRE DEL 2003  

GRACIAS POR REGRESAR ESTE CUESTIONARIO 
POR FAVOR UTILICE EL SOBRE PREPAGADO 

PAGINA 2 de 2 

Las siguientes preguntas son sobre CUANTOS DIAS su niño/a estuvo en lugares diferentes, o expuesto al 
humo, o cambió sus actividades usuales.  

POR FAVOR CIRCULE EL NUMERO DE DIAS QUE SE APLIQUE A SU CASO 
 
¿Por cuántos días durante el periodo de los incendios (las 
últimas 2 semanas de octubre del 2003)… Nunca 1-2 

días 
3-5 
días 

6-10 
días 

Todos 
los días No sé

B1   …su niño/a permaneció en su hogar de costumbre? 0 1-2 3-5 6-10 siempre ? 
B2   …su niño/a permaneció en un refugio o en la casa de 
            alguien más? 0 1-2 3-5 6-10 siempre ? 

B3   …su niño/a faltó a la escuela (por cualquier razón)? 0 1-2 3-5 6-10 siempre ? 
B4   …usted utilizó el aire acondicionado cuando su niño/a 
            estuvo en casa? 0 1-2 3-5 6-10 siempre ? 

B5   …su niño/a usó una mascarilla para proteger sus 
            pulmones? 0 1-2 3-5 6-10 siempre ? 

B6   …estuvo su niño/a expuesto al humo durante los 
            incendios? 0 1-2 3-5 6-10 siempre ? 

B7  … pudo usted oler el humo afuera de la casa donde su 
            niño/a se estuvo quedando durante los incendios? 0 1-2 3-5 6-10 siempre ? 

B8  … pudo usted oler el humo adentro de la casa donde su 
            niño(a) se estuvo quedando durante los incendios? 0 1-2 3-5 6-10 siempre ? 

B9  … fue el aire tan denso que usted no podía ver más allá de 
            unas pocas cuadras desde donde su niño/a se estuvo 
            quedando durante los incendios? 

0 1-2 3-5 6-10 siempre ? 

B10 …fué el aire tan denso que usted mantuvo a su niño/a 
            adentro de la casa? 0 1-2 3-5 6-10 siempre ? 

B11 …pasó su niño menos tiempo que de costumbre afuera 
           (al aire libre)? 0 1-2 3-5 6-10 siempre ? 

B12 …pasó su niño(a) menos tiempo que de costumbre 
            haciendo actividades fisicas en lugares cerrados? 0 1-2 3-5 6-10 siempre ? 

B13 …pasó su niño(a) menos tiempo que de costumbre 
            haciendo deportes afuera (por ejemplo la escuela 
            canceló el receso o la educación física)? 

0 1-2 3-5 6-10 siempre ? 

 

B14. ¿Que tan cerca llegó el fuego al lugar donde su niño(a) se quedó durante los incendios de Octubre del 
          2003? (marque un cuadro) 
 
        Una cuadra                   De ½ a 1 milla            Más de 5 millas 
        De una cuadra a ½ milla                   Entre 1 y 5 millas            No sé 
 
Apellido y Nombre del padre o madre, ó la persona encargada del niño(a) y que vive en el mismo 
domicilio que el niño(a): 
 
 
 
 
Teléfono de éste padre, madre o persona encargada del niño(a):                                    
casa:                                              trabajo: 
Parentesco con el niño(a):          madre                        madrastra      padre          padrastro  

                                    a cargo del niño(a)    abuela           abuelo        otro 



ID _________________ (for office use only)        FQ- D – engl - mail 
 

SURVEY OF EFFECTS OF THE OCTOBER 2003 FIRES 
University of Southern California Health Studies 

 

IMPORTANT NOTE: THIS QUESTIONNAIRE REFERS ONLY TO THE TIME OF FIRES 
IN SOUTHERN CALIFORNIA DURING THE LAST 2 WEEKS IN OCTOBER 2003.  

We do NOT refer to any other fire you may have experienced. 
 

PLEASE TURN PAGE FOR PART B OF THE QUESTIONNAIRE 

 

This questionnaire is for:  {NAME}             
        Is the name correct?         YES   If NOT: please make corrections:  
Your birthday: {BIRTHDAY}   Is the birthday correct?   YES   If NOT please correct: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Today’s DATE: Month:_______ Day______ Year:____ 
 

 

PART A: HEALTH PROBLEMS DURING THE OCTOBER FIRES 
 

During the time of fires (the last 2 weeks of October 2003), 
did you have any of the following: 

Please circle 
                             Don’t 
   No  or  Yes  or  know 

A1.    wheezing or whistling in the chest? N Y ? 
          IF YES:  A2. was your sleep disturbed due to wheezing? N Y ? 

A3. was wheezing severe enough to limit your speech to only one  
       or two words at a time between breaths? N Y ? 

A4.    sneezing or a runny or blocked nose? N Y ? 
A5.    itchy or watery eyes? N Y ? 
A6.    irritated eyes? N Y ? 
A7.    a dry cough at night? N Y ? 
A8.    a dry cough first thing in the morning? N Y ? 
A9.    a dry cough at other times of the day? N Y ? 
A10.  an asthma attack? N Y ? 
A11.  bronchitis? N Y ? 
A12.  a cold? N Y ? 
A13.  a sore throat? N Y ? 
A14.  a wet cough (congestion in the chest or phlegm production)? N Y ? 
A15.  take medication due to any of the above problems? N Y ? 
A16.  visit a doctor or nurse due to any of the above problems? N Y ? 
A17.  during the fire did a doctor diagnose you with asthma for the first time? N Y ? 
A18.  did you miss school due to any of the above health problems? N Y ? 
A19.  Was the house where you usually live destroyed during the fire? N Y ? 
 

A20. Did the smoke from the fires affect your health in any other way?    NO    YES  
         if YES: describe how it affected you:  
 
 
 

 
{MAILING ADDRESS} 
 
 
 
 
 

         Is this your current address?  
 YES. If NOT: please make changes here: 

Name: 
 

Street:                         apt# 
City/State/ZIP: 
 

When did you move to this new address? 
MONTH:_____ YEAR:_____ 




