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ABSTRACT: The aim of the present study was to determine the effects of occupational
and environmental exposure on respiratory symptoms in adults in rural Beijing, China.
Thirty randomly selected villages in the counties of Shunyi and Tongxian, 50 km

north and east, respectively, of the city of Beijing, China, participated in this study.
Village doctors interviewed all residents aged o15 yrs and completed the International
Union Against Tuberculosis and Lung Disease Questionnaire on Bronchial Symptoms
translated into Chinese with added questions on smoking and occupational and
environmental exposure.
Of the eligible population, 22,528 adults (98%) took part. The prevalence of all

respiratory symptoms, i.e. asthma-like symptoms, asthma attacks in the last 12 months,
chronic cough and chronic phlegm, was low. Significant determinants for respiratory
symptoms were age, sex, smoking and county of residence. A dose-dependent relation-
ship was found between cumulative cigarette consumption and prevalence of respiratory
symptoms. After adjusting for these variables, exposure to insecticides and fertilisers
significantly increased the risk of most of the respiratory symptoms, whereas exposure
to indoor air pollution from domestic fuels did not.
Exposure to chemicals such as insecticides and fertilisers contributed independently

to the risk of respiratory symptoms in rural Beijing, China.
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Cor pulmonale is the second leading cause of death
in China and mortality rates for this condition are
reported to be approximately equal in males and
females despite the low prevalence of tobacco smoking
among females [1]. The effect of cigarette smoking on
lung function has been found to be considerably less
among residents of China compared with those of
Western countries [2]. Although this may be due to
lower daily cigarette consumption in China or ethnic
differences, the possibility that other risk factors, such
as exposure to outdoor or indoor air pollution [3–5] or
occupational pollutants [6, 7], may also be responsible
for chronic obstructive lung disease and cor pulmo-
nale must be critically assessed.

A survey has been carried out on adults in
randomly selected villages in two rural counties of
the municipality of Beijing, China [8], using the
International Union Against Tuberculosis and Lung
Disease (IUATLD) Questionnaire on Bronchial
Symptoms [9]. A very low prevalence of asthma-like
symptoms and self-reported asthma in the previous 12
months was found [8]. In the present report, the rela-
tionship of occupational and environmental exposure
to chemical, insecticide, fertilisers and emissions from
domestic fuel to asthma symptoms, self-reported
asthma and chronic respiratory symptoms in these
rural communities is examined.

Methods

Study design

A cross-sectional survey was carried out in 30
villages randomly selected from two rural counties,
Shunyi and Tongxian, 50 km north and east, respec-
tively, of the city of Beijing, China, and within the
municipality of Beijing.

Questionnaire

The village doctor visited every household in the
village and every individual aged o15 yrs was invited
to take part in the study. The doctor conducted an
interview using a Chinese translation of the IUATLD
questionnaire on bronchial symptoms [9] with added
questions on chronic respiratory symptoms from the
American Thoracic Society Division of Lung Disease
questionnaire [10]. In addition, there were questions
on tobacco smoking and environmental and occu-
pational exposure to dust, chemicals, insecticides,
fertilisers and other substances. The questionnaire
was translated into Chinese and the first draft
back-translated into English. Discrepancies between
the original English form and first draft Chinese
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back-translation were reviewed, and a second trans-
lation carried out. This was again back-translated
into English. It was after the third translation that
equivalence was reached. The Chinese words for
cough, wheeze, chest tightness, dyspnoea and phlegm
used in the translation were the same as those used in
a Chinese translation of the International Study of
Asthma and Allergy in Children (ISAAC) question-
naire, the translation of which has been validated
previously [11].

A training workshop was organised before the
survey in order to instruct the village doctors on how
to complete the questionnaire.

The following questions were used in the analysis:
wheeze: "Have you had wheezing or whistling in your
chest in the last 12 months?"; chest tightness: "Have
you woken up with a feeling of tightness in your chest
in the last 12 months?"; nocturnal shortness of breath:
"Have you been woken by an attack of shortness of
breath in the last 12 months?"; nocturnal cough:
"Have you been woken by an attack of coughing in
the last 12 months?"; asthma attack: "Have you had
an attack of asthma in the last 12 months?"; asthma
medication: "Are you currently taking any medication
(including inhalers, aerosols or tablets) for asthma?";
chronic cough: "Do you usually have cough first thing
in the morning or during the day?" and "Do you
cough like this for as much as three months each
year?"; chronic phlegm: "Do you usually have phlegm
first thing in the morning or during the day?" and "Do
you bring up phlegm like this for as much as three
months each year?". Current smokers were defined
as those who were still smoking within 1 month of
the study, nonsmokers were lifelong nonsmokers and
exsmokers the remainder.

Occupational and environmental exposure were
considered present if there was a positive response to
the following questions: "Have you ever been exposed
regularly to chemicals at work? If yes, to insecticides?,
to fertilizers? or other chemicals?".

As many families used a combination of materials
for fuel, exposure to fuels was classified according
to the estimated level of pollution, from the lowest
to highest, as follows: gas, electricity and oil; gas and
coal; gas, coal and wood; and any of the above plus
cornstalk and manure.

Analysis

The effects of various exposures (cigarette smoking,
insecticide, pesticide and fertiliser, and various types
of fuel) on respiratory symptoms were tested in
univariate analyses, initially using Chi-squared tests.
Logistic regression analysis was then used to examine
the effects of these exposures on respiratory symptoms
adjusted for age, sex, smoking and county of resi-
dence, as well as interaction between smoking and
exposure to chemicals.

Ethics

The Ethics Committee of the University of British
Columbia approved the study. Those eligible for the

study were asked to give written consent, after a full
explanation of study procedures was presented. All
records were kept confidentially and released to a
third party only on written request from the partici-
pant. Participants were informed of any abnormalities
warranting further investigations and these investiga-
tions were carried out in the county hospital. Those
found to have asthma were offered treatment for their
illness.

Results

A total of 22,528 males and females aged o15 yrs,
representing 98% of all eligible subjects in 30 villages
in the two rural counties in the municipality of
Beijing, took part in the present study. The first
county, Shunyi, has 7,442 and the second county,
Tongxian, 15,119 residents in the above age group.
The residents of the two counties were different in their
age distribution, the proportion exposed to chemicals,
insecticides and fertiliser at work, and their exposure
to emissions from the types of domestic fuel used.
There were no significant differences in the smoking
habits of the residents of the two counties (table 1).

When all subjects from the two counties were
analysed together, significant differences in the age
distribution between males and females were found;
more males were found in the younger age groups and
more females in the older age groups. In addition,
males and females differed in their smoking habits;
only 4% of females but 55% of males were smokers. A
significantly higher proportion of males were exposed
regularly to chemicals at work compared with females
(19.7 versus 16.0%), but there were no differences in
the proportion exposed to insecticides and fertilisers
at work.

Table 1. –Characteristics of study subjects

Shunyi Tongxian Total

Subjects n 7425 15103 22528
Sex

Male 3583 (48.3) 7381 (48.9) 10978 (48.7)
Age group*
v30 yrs 1614 (21.7) 3735 (24.7) 5349 (23.7)
30–49 yrs 3720 (50.1) 7003 (46.4) 10723 (47.6)
w50 yrs 2091 (28.2) 4365 (28.9) 4365 (28.9)

Smoking
Nonsmokers 5199 (70.0) 10521 (69.6) 15711 (69.7)
Exsmokers 104 (1.4) 176 (1.2) 280 (1.2)
Current smokers 2122 (28.6) 4415 (29.2) 6537 (29.0)

Exposure
Any chemical* 600 (8.1) 3418 (22.6) 4018 (17.8)
Insecticide* 64 (0.9) 642 (4.2) 706 (3.1)
Fertiliser* 253 (3.4) 2992 (19.8) 3245 (14.4)

Fuel
Gas* 5547 (74.7) 12243 (81.1) 17790 (79.0)
Coal* 5986 (80.6) 12001 (79.5) 17987 (79.8)
Wood* 1401 (18.9) 2995 (19.8) 4396 (19.5)
Cornstalk* 416 (5.6) 3867 (25.6) 4283 (19.0)
Manure* 1 (0.0) 13 (0.1) 14 (0.1)

Data are presented as n (%). *: pv0.05 for male versus
female prevalence (Chi-squared test).
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The age of onset of smoking and mean daily cigarette
consumption for females and males are shown in
figure 1. Among current smokers, 31% of females and
38% of males had started smoking before the age of
20 yrs. Among smoking females, 32% smoked v10
cigarettes?day-1 andy30%w20 cigarettes?day-1. Among
smoking males, 17% smoked v10 cigarettes?day-1,
whereas 47% smokedw20 cigarettes?day-1.

Table 2 shows the prevalence of respiratory symp-
toms, self-reported asthma attacks and use of asthma
medications for each category of smoking habit.
There were few exsmokers in the study, but they
showed the highest prevalence of each of the respira-
tory symptoms. There was a dose-dependent trend
in the association between cumulative cigarette con-
sumption and prevalence of respiratory symptoms;
the greater the cigarette consumption the higher the
prevalence of respiratory symptoms. Compared with
the current smokers, the exsmokers were significantly
older (43.6¡13.9 versus 56.3¡14.4 yrs) and had
smoked a significantly greater amount (17.6¡15.1
versus 21.6¡17.5 pack-yrs). Residents of Tongxian
showed a higher prevalence of all respiratory symp-
toms compared to those of Shunyi irrespective of
smoking habits (data not shown).

Table 3 shows the prevalence of respiratory symp-
toms, self-reported asthma attacks and use of anti-
asthma medications according to reported exposure
to materials in the workplace. Exposure to any chemi-
cal, insecticide or fertiliser at work was consistently
associated with a significantly higher prevalence of
all symptoms compared with those without such
exposure. The prevalence of chronic cough and phlegm
among those exposed to insecticides was higher in
males than in females (6.1 and 6.7% versus 4.4 and
3.8%, respectively). Among those exposed to fertili-
sers, the prevalence of wheeze, awakening with short-
ness of breath and asthma attacks in the past
12 months was higher in females compared with
males (4.4, 2.6 and 3.8% versus 3.1, 1.6 and 2.3%,
respectively).

The use of cornstalk and manure as fuel was
associated with a higher prevalence of respiratory
symptoms compared to other types of fuel (table 4).

Table 5 shows that sex, age, smoking and county of
residence were significant determinants of respiratory
symptoms. Females showed a significantly higher risk
of asthma and asthma-like symptoms but not chronic
cough and phlegm. The risk of each of the respiratory
symptoms increased significantly with age. Residents
of Tongxian demonstrated a significantly higher risk
of each of the respiratory symptoms than those of
Shunyi. Exsmokers had the highest risk of each of the
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Fig. 1. – Comparison of a) age of onset of smoking and b) daily
cigarette consumption in females (h) and males (u).

Table 2. –Prevalence of chest symptoms by smoking habit

Nonsmoker Exsmoker Current smoker Total

v10
pack-yrs

10–19
pack-yrs

20–29
pack-yrs

w30
pack-yrs

Subjects n 15734 281 2300 1904 1216 1126 22561
Wheeze 2.0 (1.9–2.1) 22.1 (20.0–24.1) 1.5 (1.3–1.7) 2.2 (1.9–2.5) 4.5 (4.0–5.0) 7.5 (6.9–8.2) 2.6 (2.5–2.7)
Chest tightness 1.5 (1.4–1.6) 13.9 (12.1–15.6) 0.8 (0.7–1.0) 1.5 (1.3–1.8) 2.6 (2.2–3.0) 3.2 (2.7–3.6) 1.7 (1.7–1.8)
Nocturnal SOB 1.0 (1.0–1.1) 14.2 (12.4–16.0) 0.9 (0.7–1.0) 1.0 (0.8–1.2) 1.6 (1.3–2.0) 3.9 (3.4–4.4) 1.4 (1.3–1.4)
Nocturnal cough 2.0 (1.9–2.0) 18.5 (16.6–20.4) 1.8 (1.6–2.0) 2.5 (2.2–2.8) 4.4 (3.9–4.8) 7.4 (6.8–8.0) 2.6 (2.5–2.7)
Asthma attack 1.5 (1.4–1.6) 18.5 (16.6–20.4) 1.0 (0.9–1.2) 1.1 (0.9–1.3) 2.7 (2.3–3.1) 5.1 (4.5–5.6) 1.9 (1.8–1.9)
Asthma

medication
1.1 (1.0–1.1) 14.9 (13.1–16.7) 0.9 (0.7–1.0) 0.7 (0.6–0.9) 2.1 (1.7–2.4) 3.7 (3.3–4.2) 1.4 (1.3–1.4)

Chronic cough 1.0 (1.0–1.1) 16.7 (14.8–18.5) 1.6 (1.4–1.8) 1.8 (1.6–2.1) 4.3 (3.8–4.7) 8.4 (7.8–9.1) 1.9 (1.8–2.0)
Chronic phlegm 1.0 (1.0–1.1) 15.7 (13.8–17.4) 1.5 (1.3–1.7) 1.9 (1.6–2.1) 4.4 (3.9–4.8) 8.4 (7.8–9.1) 1.9 (1.8–1.9)

Data are presented as percentages (95% confidence interval). SOB: shortness of breath.
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respiratory symptoms. There was a dose-dependent
relationship between cumulative cigarette consump-
tion and risk of having various respiratory symptoms.
The risk for asthma and asthma-like symptoms
increased significantly only for smokers ofw20 pack-
yrs, whereas the risk for chronic cough and phlegm
increased significantly even for those who smoked
v10 pack-yrs. After adjusting for the above factors,
regular exposure to insecticide and fertiliser at work
remained significantly associated with a high risk
of almost all symptoms except for the association of
exposure to insecticide with chest tightness and of
exposure to fertiliser with asthma attacks during the
last 12 months and chronic cough. The association
of the use of cornstalk/manure as fuel with an increase
in risk of respiratory symptoms was no longer signi-
ficant after adjustment for other factors. The use
of wood as fuel carried a significantly higher risk of
chest tightness and chronic cough. No interaction
was found between smoking and exposure to any
chemicals, insecticides and fertilisers in relation to
respiratory symptoms.

The above analysis was repeated separately for
males and females. The findings in relation to age,
smoking and county of residence were similar to those
obtained for the whole population. With regular
exposure to insecticide at work, males showed
significantly higher risks of each of the respiratory
symptoms with the exception of chest tightness,
whereas females showed significantly higher risks of
only chronic cough and chronic phlegm. With regular
exposure to fertiliser, females had significantly higher

risks of each of the respiratory symptoms with the
exception of chronic cough, whereas males had
significantly higher risks only of chest tightness and
nocturnal cough (data not shown).

Discussion

In the present study, the relationship of occupational
and environmental exposure to asthma symptoms, self-
reported asthma and chronic respiratory symptoms,
adjusted for the effect of age, sex and smoking, was
examined. It was found that the prevalence of chronic
cough and phlegm was low in the study population
in rural Beijing, compared with that reported in
industrialised countries that took part in the European
Community Respiratory Health Survey and in the
USA [12, 13]. BUIST et al. [2] additionally reported a
lesser deficit in lung function associated with smok-
ing among residents of China than that reported in
Western countries. It has been postulated that the lesser
effect in the Chinese may be due to a smaller amount
being smoked [14]. This deficit in degree of functional
impairment might also be due to the later age of onset
of smoking in China [14]. In the present study, there
was no opportunity to measure lung function. How-
ever, the later age of onset of smoking in this rural
population and the smaller amount smoked were
confirmed; these may account for the lower prevalence
of respiratory symptoms.

A low prevalence of asthma symptoms and
self-reported asthma attacks, and a much less frequent
use of medication for asthma in rural Beijing than

Table 3. –Prevalence of symptoms by exposure to any chemical, insecticide, and fertiliser at work

Any chemical Insecticide Fertiliser

Yes No Yes No Yes No

Subjects n 4020 18541 706 21855 3247 19314
Wheeze 3.5 (3.3–3.7) 2.4 (2.3–2.5) 5.8 (5.1–6.5) 2.5 (2.4–2.6) 3.7 (3.5–4.0) 2.4 (2.3–2.5)
Chest tightness 3.0 (2.8–3.2) 1.5 (1.4–1.5) 4.0 (3.3–4.6) 1.7 (1.6–1.7) 3.4 (3.2–3.7) 1.4 (1.4–1.5)
Nocturnal SOB 1.9 (1.7–2.1) 1.2 (1.2–1.3) 3.4 (2.8–4.0) 1.3 (1.2–1.3) 2.1 (1.9–2.7) 1.2 (1.2–1.3)
Nocturnal cough 4.0 (3.8–4.2) 2.3 (2.2–2.4) 6.9 (6.1–7.7) 2.4 (2.4–2.5) 4.3 (4.0–4.6) 2.3 (2.2–2.4)
Asthma attack 2.8 (2.6–3.0) 1.7 (1.6–1.7) 5.1 (4.4–5.8) 1.8 (1.7–1.8) 3.0 (2.8–3.3) 1.7 (1.6–1.7)
Asthma medication 2.0 (1.8–2.1) 1.3 (1.2–1.3) 3.3 (2.7–3.8) 1.3 (1.3–1.4) 2.1 (1.9–2.3) 1.3 (1.2–1.3)
Chronic cough 2.7 (2.5–2.9) 1.7 (1.7–1.8) 5.2 (4.5–5.9) 1.8 (1.7–1.9) 3.0 (2.7–3.2) 1.7 (1.7–1.8)
Chronic phlegm 3.0 (2.8–3.2) 1.6 (1.6–1.7) 5.2 (4.5–5.9) 1.8 (1.7–1.8) 3.1 (2.9–3.3) 1.7 (1.6–1.7)

Data are presented as percentages (95% confidence interval). SOB: shortness of breath.

Table 4. –Prevalence of chest symptoms by fuel exposure

Gaszelectricityz
oil

Gaszcoal Gaszcoalz
wood

Any other fuelz
cornstalk or manure

Total

Wheeze 2.1 (1.9–2.4) 1.9 (1.8–2.0) 2.8 (2.5–3.0) 2.9 (2.7–3.1) 2.3 (2.2–2.4)
Chest tightness 1.2 (1.0–1.4) 1.1 (1.0–1.2) 2.3 (2.1–2.5) 2.4 (2.2–2.6) 1.6 (1.5–1.6)
Nocturnal SOB 1.1 (0.9–0.3) 1.0 (0.9–1.1) 1.4 (1.2–1.5) 1.7 (1.5–1.9) 1.2 (1.2–1.3)
Nocturnal cough 2.3 (2.0–2.6) 1.8 (1.7–1.9) 2.3 (2.1–2.5) 3.4 (3.2–3.6) 2.3 (2.2–2.3)
Asthma attack 1.6 (1.3–1.8) 1.6 (1.5–1.7) 2.1 (1.9–2.3) 2.5 (2.4–2.7) 1.9 (1.8–1.9)
Asthma medication 1.0 (0.8–1.2) 1.2 (1.1–1.3) 1.7 (1.5–1.9) 1.7 (1.6–1.9) 1.4 (1.3–1.4)
Chronic cough 1.4 (1.1–1.6) 1.2 (1.2–1.3) 1.9 (1.7–2.1) 2.5 (2.3–2.7) 1.6 (1.6–1.7)
Chronic phlegm 1.1 (0.9–1.3) 1.2 (1.1–1.3) 1.9 (1.7–2.0) 2.6 (2.4–2.7) 1.6 (1.5–1.6)

Data are presented as percentages (95% confidence interval). SOB: shortness of breath.
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reported in industrialised countries, have previously
been reported [8] and are similar to other observations
from China [7]. A Chinese version of the ISAAC
questionnaire for studying asthma and asthma-like
symptoms in children has been validated [13]. The
Chinese words used for wheeze and asthma in the
present translation were exactly the same as those
used in the Chinese ISAAC questionnaire. In the
present survey, symptoms of asthma and chronic
bronchitis were studied rather than doctor-diagnosed
asthma and chronic bronchitis, thus, it is less likely
that the low prevalence of asthma and bronchitis is
due to failure of doctors to recognise the disease.

In the present study, it was found that females had a
significantly higher risk of asthma-like symptoms and
asthma attacks than males after adjusting for age,
smoking, county of residence and other exposures.
This finding has also been reported in other countries
[15, 16], and the reason for the difference between the
sexes is not known.

There is a dose-dependent relationship between
cumulative cigarette consumption and prevalence

of respiratory symptoms. The symptoms of chronic
cough and phlegm increased significantly when ciga-
rette consumption increased to w10–19 pack-yrs,
whereas the prevalence of asthma-like symptoms
increased significantly only in those who had
smoked for w20–29 pack-yrs. The reason for this
discrepancy in the effect of the amount smoked and
type of respiratory symptoms is not clear. Exsmokers
showed the highest prevalence of all symptoms,
suggesting that they had had to give up smoking
because of their symptoms. They were also older and
had a greater cumulative cigarette consumption com-
pared with the current smokers.

It was demonstrated that occupational exposure to
insecticides was associated not only with increased
asthma-like symptoms and asthma attacks, but also
chronic respiratory symptoms. Approximately 4% of
villagers were exposed regularly to insecticides con-
taining mostly organophosphate and pyrethrin; these
chemicals have been shown to give rise to asthma
[17–20]. A study of 1,939 farmers in Saskatchewan,
Canada, found an increased risk of asthma associated

Table 5. –Effect of exposure to chemicals and various types of fuel on selected respiratory symptoms: multiple logistic
regression analysis adjusted for age, sex, smoking and county of residence

Wheeze Chest
tightness

Nocturnal
cough

Asthma attack Chronic
cough

Chronic
phlegm

Sex
Female 1.8

(1.4–2.3)***
1.4

(1.1–1.8)*
1.6

(1.3–2.1)***
1.9

(1.5–2.5)***
1.3

(0.9–1.7)
1.1

(0.8–1.4)
Age yrs

30–49 3.1
(1.9–5.0)***

2.4
(1.5–3.9)***

2.2
(1.5–3.3)***

3.4
(1.9–5.9)***

3.9
(2.1–7.3)***

3.7
(2.0–7.0)***

w50 9.8
(6.1–15.7)***

5.1
(3.1–8.2)***

4.9
(3.3–7.3)***

11.0
(6.4–19.2)***

8.9
(4.7–16.6)***

8.1
(4.3–15.2)***

Smoking
cigarettes?day-1

Exsmoker 12.0
(8.0–17.8)***

8.7
(5.4–13.9)***

10.4
(6.9–15.7)***

14.2
(9.4–21.4)***

13.0
(8.2–20.5)***

12.5
(7.9–19.8)***

v10 1.5
(0.96–2.3)

0.67
(0.36–1.2)

1.3
(0.85–2.0)

1.6
(0.98–2.5)

2.0
(1.3–3.2)**

1.6
(1.0–2.7)

10–19 1.4
(0.90–2.1)

0.95
(0.58–1.6)

1.4
(0.93–2.1)

1.1
(0.69–1.8)

1.7
(1.1–2.7)*

1.7
(1.0–2.6)*

20–29 2.3
(1.6–3.4)***

1.7
(1.0–2.6)*

2.4
(1.6–3.4)***

2.1
(1.3–3.2)***

3.2
(2.1–4.9)***

2.8
(1.8–4.3)***

w30 3.1
(2.2–4.2)***

1.6
(1.0–2.5)*

3.1
(2.2–4.4)***

2.8
(1.9–4.0)***

5.6
(3.9–8.0)***

5.0
(3.5–7.2)***

Exposure
Insecticide 1.8

(1.2–2.6)**
1.2

(0.8–1.9)
1.9

(1.3–2.7)***
1.9

(1.3–2.9)**
2.2

(1.4–3.3)***
2.0

(1.3–3.0)**
Fertiliser 1.4

(1.1–1.8)*
2.2

(1.6–2.9)***
1.5

(1.2–2.0)***
1.3

(0.9–1.8)
1.3

(0.9–1.7)
1.4

(1.1–1.9)*
Fuel

Coal 0.98 (0.7–1.4) 1.0 (0.6–1.5) 0.89 (0.6–1.2) 1.1 (0.7–1.6) 0.98 (0.6–1.5) 1.2 (0.7–1.9)
Wood 1.3

(0.9–1.9)
1.9

(1.2–3.0)**
1.0

(0.7–1.5)
1.3

(0.9–2.1)
1.4

(0.9–2.3)
1.7

(1.1–2.9)*
Cornstalk 0.85

(0.6–1.2)
1.1

(0.7–1.8)
0.91

(0.6–1.3)
1.0

(0.7–1.6)
1.2

(0.8–1.9)
1.5

(0.9–2.5)
County

Tongxian 1.6
(1.3–2.0)***

2.0
(1.4–2.7)***

2.1
(1.6–2.8)***

1.4
(1.1–1.8)**

1.4
(1.0–1.8)*

1.3
(1.0–1.8)*

Data are presented as odds ratio (95% confidence interval). Model: sex versus male; age versus v30 yrs; smoking versus
nonsmoker; exposure: insecticide versus no insecticide and fertiliser versus no fertiliser; fuel: versus gas plus electricity plus oil;
county versus Shunyi; Coal: gas plus coal; wood: gas plus coal plus wood; cornstalk: any fuel plus cornstalk or manure. *:
pv0.05; **: pv0.01; ***: pv0.001.
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with use of carbamate insecticides after adjusting
for other confounders [21]. SALOME et al. [22] also
reported that use of insecticide aerosols (containing
pyrethrin or tetramethrin and others) triggered symp-
toms and a reduction in lung function in some people
with asthma, and may increase airway hyperrespon-
siveness. Approximately 14% of the villagers in rural
Beijing were occupationally exposed to fertilisers
containing urea and exposure to fertilisers was asso-
ciated with a significantly higher risk of respiratory
symptoms. There have been no reports of association
of fertiliser use with respiratory symptoms, although a
higher prevalence of respiratory symptoms has been
reported among workers in a chemical fertiliser plant,
compared with unexposed controls [23], where high
levels of exposure to ammonia probably account
for the high prevalence of symptoms. The effect of
fertiliser exposure on respiratory symptoms in females
was greater than in males, whereas the effect of
insecticide exposure was greater in males than in
females. This could be related to differences in
response between males and females to different
exposures or differences in jobs related to females
and males in the rural setting.

Air pollution due to the use of biomass fuel has
been shown to be associated with chronic obstructive
lung disease, especially in females [3, 4, 24, 25]. It was
found thaty19% of the families used wood or biomass
(cornstalk/manure), but mostly as an additional rather
than the principal fuel. The risk of various respiratory
symptoms using wood or biomass was higher than
using "cleaner" fuels but this association was not
significant. Thus, indoor air pollution due to fuel
combustion in the 30 villages around Beijing was not
found to be independently associated with respiratory
symptoms. This is in contrast to results reported by
XU et al. [7], who found significantly increased risks of
wheeze associated with using wood/hay and coal as
fuel in the rural communities in the province of Anhui
in China. In the rural communities studied here, each
household used a mixture of different materials as
fuel and use of biomass was infrequent. This may be
the reason for the discrepancy in findings in relation to
use of fuels and respiratory symptoms.

There are other limitations to the present study.
Other factors that might contribute to chronic
respiratory symptoms in China, such as outdoor air
pollution and respiratory infections, were not
addressed. Pulmonary tuberculosis and bronchiec-
tasis are common diseases that are associated with
increased respiratory symptoms and chronic airflow
obstruction in China. The types of fuel used were self-
reported and levels of air pollution in the indoor
environment were not measured.

In summary, age, sex and smoking were identified
as important determinants of respiratory symptoms
in rural Beijing, China. Occupational exposure to
chemicals, such as insecticides and fertilisers, also
partly accounts for the increase in risk of respiratory
symptoms.
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