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SUMMARY

Background: Ambient air pollutants (PM, ) are components of persistent haze in Beijing during the autumn and winter seasons.

Materials: We collected hourly PM, . monitoring data for 35 days from 35 sites in Beijing during 2012. We also identified patients developing
respiratory infections during the same time period in the same locale. ABME model was used to simulate environmental exposure concentrations
over the course of each day. A medical accessibility analysis was performed to exclude the impact of medical availability on the analysis. A spatial
analysis was included in the evaluation of the relationship between exposure duration and concentration of PM, , with the development of acute
respiratory disease.

Results: A low concentration of PM, , (greater than 35 pg/m? and less than 115 ug/m°) for at least 3 days was associated with an increased
risk of acute respiratory disease. A high concentration of PM, , (greater than 115 ug/m®) was associated with an increased risk of infection even
after 1 day of exposure.
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We collected hourly PM, , concentration data from 35 sites in
INTRODUCTION Beijing and acute respiratory infection case data from October
8th, 2012 to November 11th, 2012. A spatiotemporal simulation
Ambient air pollutants (PM, ) are main components of per- model was used to simulate environmental exposure concentra-
sistent haze in Beijing during the autumn and winter seasons tions during the day and night. A spatial and statistical case studies
(1). Overexposure to PM, , poses a risk to public health. Fine  were undertaken to better understand the relationship between
particles are more strongly associated than coarse particles with  exposure duration and concentration of particulate matter with
acute respiratory health risks (2, 3). Zhang et al. has reported the  acute respiratory disease.
population exposure to these particles in high-exposure areas of
Beijing (4) during the autumn of 2012. Air pollution has been
shown to contribute to patient morbidity and mortality (5-8). The MATERIALS AND METHODS
risk associated with different duration of exposure and amount of
exposure has not been well defined.
Epidemiological evidence suggests that air pollution is a con-  PM, . Data
tributing cause of respiratory and cardiovascular disease morbidity The Beijing Environmental Protection Bureau (BJEPB) es-
and mortality (9—11). The character of the relationship between tablished 35 air quality monitoring stations in Beijing in October
exposure duration and concentration of particulate matter with 2012 through the Centre of the City Environmental Protection
population mortality has been one of the critical and difficult Monitoring Website Platform (http://zx.bjmemc.com.cn/). On this
problems in air pollution epidemiologic studies (12). Previous website the PM, , concentration data measured in pg/m* (micro-
evaluations have usually been based on case studies (13, 14). These ~ gram per cubic meter) are updated on the hour. The location of
studies do not include environmental exposure data, and instead monitoring stations for fine particles in the air 2.5 micrometers or
present city average environmental concentrations to estimate the  less in size (PM, ;) has been previously reported (4). We collected
exposure of each clinical case. Environmental exposure concentra- ~ PM, , concentration data for 35 consecutive days (840 hours)
tion differences during the day and night have not been considered. ~ from October 8th, 2012 to November 11th, 2012 from these sites.
Du X. et al. (15) evaluated the exposure of adults and children to
fine particles using a personal PM, , exposure monitor. There was
a strong association between fixed-site concentration and personal ~ Respiratory Infection Cases Data
exposure concentration, suggesting that ambient concentrations The frequency of acute respiratory infections in this area
have a large role in personal exposure to fine particles. was recorded during the same time period. One thousand and
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fifty-seven cases were identified, of which, 917 were considered
valid cases with supporting data. Data was entered into an acute
respiratory infection data form (Table 1). The form included the
date of diagnosis (Date/Clinic), duration of the illness in days
(Duration), date of the respiratory illness onset (Date/Ill), place of
residence (Add/Residence), and commuting locale (Add/Work).
Commuting locales included work address and school address.
Individual’s exposure duration and concentration at the place of
residence and commuting locale was estimated. Addresses are
shown as *** here to maintain patient privacy.

Spatiotemporal Simulation of PM, ; Concentrations

PM, ; concentrations in each sampling area were simulated
using the sample data. The BME (Bayesian Maximum Entropy)
technique was used for this simulation based on previous spa-
tiotemporal air pollution modeling studies (16, 17). Graphical
user interface (SEKS-GUI) (18) software was used to perform
the spatiotemporal simulation. The confidence coefficient of the
space-time prediction was maintained at a high level. We shrink
the simulation size in time and spatial dimension, and at the
same time, encrypt it in spatial dimension. Time predictions were
performed every hour, consistent with the monitoring frequency.
To improve the fit of the covariance model, each day was fit
separately. Each day’s simulation was performed by expanding
the monitoring data to include the 5 hours before and 5 hours
after each time point analyzed. Using this approach, 34 hours of

time and space simulation included 2,438 data points (Fig. 1). The
simulation covered the entire urban area of Beijing.

SEKS-GUI software was used to model the time and space
variations of PM, .. Graphical similarity matching between sample
covariance and simulation covariance was used for both time and
space model types.

Analysis of Accessibility to Hospital Care

Medical care provided in private medical institutions includ-
ing family doctors in China is usually very expensive. In Beijing,
patients usually go to the hospital instead of looking for a family
doctor. Time spent on the way to a hospital clinic seemed to affect
medical access. We assume that patients who suffered the acute
respiratory disease usually went to the nearest hospital. A medical
accessibility model was constructed based on the time spent to
reach the clinic. First, the road network in the study area was di-
vided into a number of grids. The grid size was arbitrarily defined
as 100 m x 100 m. The area of every grid was 0.01 km?. Each grid
area was treated as a homogeneous area of accessibility. A speed
value was assigned to each road in the network. Different road
types were categorized as urban express ways, city thoroughfares
and minor arterial roads. A velocity assumption was used for each
road category (Table 2). ArcGIS software was used to select the
closest hospital based on the speed and load of the road network.

Table 2. Speed by road category (km/h)

sample data were used to simulaFe the spatiotemporal distributi.cm Expressways City thoroughfares Minor arterial roads
of 24 hours of PM, ; concentrations. 1 km was set as the spatial
interval of simulated points in the x and y directions. The actual 60 40 20
Table 1. Collection form used to record respiratory infection cases data
ID Date/Clinic Add/Work Add/Residence Duration Datel/lll
21 10-12 b b 4 2012-10-8
22 10-12 b b 3 2012-10-9
23 10-12 b b 3 2012-10-9
24 10-13 b b 1 2012-10-12
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Fig. 1. Distribution of simulated points at any time t.

Fig. 2. Distribution of cases by accessibility zone.
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When calculating the shortest path, we divided our study area
into several square grids. The cost of time from every node (cen-
tral point of each grid) to its adjacent 8 grids was put in a queue,
arrayed in descending order. The minimum value was selected to
get the time cost from any node to every other node in the study
area. Accessibility time from home to hospital was calculated.
Affected patients usually went to the nearest hospital, so the facil-
ity, number of beds and available equipment did not alter access.

Spatial Statistics for Exposure-response Relationship

822 of the 917 valid cases had a time spent less than 1 hour to
the local hospital in the accessibility analysis. We divided the 1
hour accessibility zone into 3 groups: 0—15 minutes, 15-30 min-
utes, and 30-60 minutes. There are 523, 193, 106 cases in each
accessibility zone, respectively. Figure 2 presents the distribution
of these 3 zones, and the cases location in their respective zones.
The statistical analysis of the relationship between PM, | exposure
and infection was conducted based on this accessibility partition.

The small number of respiratory infections did not allow
demonstration of a correlation between the number of cases in
each 1 km? grid and its corresponding PM, | concentration or a
correlation between the daily number of cases and the daily aver-
age PM, , concentration.

An analysis was then performed based on individual location
during the day. Each patient’s exposure grid at night was considered
to be that of the 1 km? grid containing the residential address. The
day of the week of the illness onset was then taken into considera-
tion. If it was a weekday, then each patient’s exposure grid in the
daytime was the 1 km? grid containing the commuting address. If
it was a weekend, the daytime exposure grid was the 1 km? grid
containing the residential address. Exposure time was calculated
from 8:00 a.m. to 8:00 p.m. The average PM, , concentration of
nighttime and daytime exposure on the day getting sick, the day
before getting sick and two days before getting sick was then
determined. Three average concentration exposure thresholds, 35
pug/m?, 75 pg/m3 and 115 pg/m? (according to the China Ambient

Air Quality Standards (GB 3095-2012) (19) were used to calculate
exposure (Tables 3-5). We did not get enough time for series cases
data. A long lag time such 1 week (7 days) time series analysis is
not supported. Thus, the number of cases occurring in 1 day (24
hours), 2 days (48 hours) or 3 days (72 hours) was counted.

RESULTS

Table 3 shows the results of the 0—15 minute accessibility zone.
Two hundred eighty-eight individuals were exposed to relatively
low concentrations of PM,  (average concentration 35 to 75 ug/
m?) 24 hours before the onset of respiratory symptoms. Three
hundred and forty patients were exposed to the same level of PM,
48 hours before disease onset. Four hundred and fifteen patients
were exposed to the same level of PM, | 72 hours before disease
onset. Two consecutive days of low exposure were associated with
more respiratory infections than one day, and three consecutive
days of the same level of exposure were associated with more
infections than two days. Longer exposure to low concentrations
of PM, , was associated with a higher risk of infection.

Concentrations of 75 to 115 pg/m? followed a similar trend.
Higher concentrations were associated with the reverse trend.
Longer exposure of the highest concentration of PM, , was as-
sociated with a lower risk of infection.

Patients in higher accessibility zones had a similar risk of
infection for each concentration group (Tables 4 and 5).

DISCUSSION

People close to the hospital (0—15 minute accessibility zone)
had relatively easy access to medical care. These data show cor-
relation between acute respiratory disease and PM, , exposure. Pa-
tients with easy access (0—15 minute accessibility zone) exposed
to a low or medium concentration of PM, _ had a direct correlation
between the number of days of exposure and the number of acute

Table 3. Number of cases versus PM, s exposure in the 0—15 minute accessibility zone

Number of cases (0-15 minutes) In 24 hours In 48 hours In 72 hours

75 pg/m? > Average concentration = 35 pg/m? 288 340 415

115 pg/m?® > Average concentration = 75 pg/m® 170 212 249

Average concentration = 115 ug/m?* 123 120 56
Table 4. Number of cases versus PM. s exposure in the 15-30 minute accessibility zone

Number of cases (15-30 minutes) In 24 hours In 48 hours In 72 hours

75 pg/m® > Average concentration = 35 ug/m? 9N 130 130

115 yg/m® > Average concentration = 75 ug/m? 58 70 69

Average concentration = 115 ug/m? 43 32 32
Table 5. Number of cases versus PM, s exposure in the 30-60 minute accessibility zone

Number of cases (30-60 minutes) In 24 hours In 48 hours In 72 hours

75 pg/m? > Average concentration = 35 pg/m? 61 75 84

115 yg/m® > Average concentration = 75 ug/m? 43 48 50

Average concentration = 115 ug/m?* 36 30 22
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respiratory infections. Patients exposed to high concentrations of
PM, ; had similar rates of infection for all durations of exposure.
Patients in the 15-30 and 30—60 minute accessibility zones had
a similar frequency of infection.

People spend most of the time indoors. In Beijing, residents
often open windows to ventilate during autumn, especially in No-
vember — the time before the heating season. Thus the difference
between indoor and outdoor particulate matter concentrations is
not so big. Smoking habit is widespread in China. If somebody
smokes indoors, PM, , concentration is much higher indoors then
outdoors. We did not investigate whether the respiratory infection
cases occurred in a smoking environment. Smoking can lead to
respiratory diseases. But there is the exposure-response relation-
ship between PM, . exposure and infection. Exposure to concentra-
tions of PM, , greater than 35 pg/m’ and less than 115 pg/m® for
at least three days were a risk factors for acute respiratory disease.
Exposure to concentrations of PM, ; greater than 115 ng/m* was a
risk factor for infection even after one day of exposure. Exposure
to even low concentrations of PM, ; was not safe over time. Cities
with air pollution will need to allocate more medical resources for
respiratory care during peak periods of air contaminants.

CONCLUSIONS

We collected hourly PM, , monitoring data for 35 consecutive
days from 35 sites in Beijing in 2012. We also identified patients
with respiratory infections during the same time period and locale.
We used a BME model to simulate environmental exposure to dif-
ferent concentrations of PM, , by time of a day. A medical acces-
sibility analysis was performed to evaluate the impact of medical
availability on the risk of infection analysis. The small number of
respiratory infections did not permit demonstration of a correlation
between the number of cases and the PM, ; concentration. Thus, we
used a simple spatial statistics for exposure-response relationship.

With the limited respiratory infections cases, the following
conclusions were reached:

When the concentration of PM, , was relatively low (greater than
35 pg/m? and less than 115 pg/m?) for several days, at least three
days of exposure were needed to cause acute respiratory disease.

When the concentration of PM, ; was relatively high (greater than
115 pg/m3), only one day of exposure was needed to cause infection.

These significant findings help define the relationship between
PM, , exposure duration and concentration of PM, . with the
development of acute respiratory disease.
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