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His coeditors sadly note the passing of Professor Hu Hansheng during the latter stages of
this database's preparation. He was truly one of the pioneers of environmental health
research in China and a mentor to a generation of environmental health scientists.
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INTRCDUCTION

Indoor air poliution is a serious problem in China. Although there are other sources such as
tobacco burning, most indoor pollution in China is due to household use of unprocessed solid fuels in
cooking and heating stoves. As indicated in Figure 1, the majority of rural energy use is in the form of
biomass fuels (crop residues—38%,; wood—236%) and most of the remainder (22%) is in the form of
unrefined coal. Outside large coastal cities where gas cooking fuels and district heating systems are
found, urban cocking and heating are generally done in small stoves that bum coal (56% of urban
household use). As a result, many people are subjected to extremely high levels of pollutants—for
instance, those in households that use stoves without flues and people in colder regions who heat
with coal and seal their houses tightly. Even where flues are used, the resultant high neighborhood
outdoor concentrations can sometimes significantly raise indoor levels. Thus, millions of people seem
1o be regularly exposed to indoor sulfur dioxide (50,) and particulates at magnitudes similar to those
associated with the notorious fatal smog episodes in London and Donora, Pennsylvania, suggesting a
public health problem of serious dimensions.

Since the late 1970s, Chinese researchers, sometimes working with researchers from other
countries, have measured levels of various pollutants in both urban and rural residences. The most
commanly analyzed pollutants have heen SQ,, carbon monoxide (CO), and suspended particulates,
either total (TSP} or the inhalable fraction (PM10)' Also measured has been benzolajpyrene (BaP),
which is a cancer-causing chemical itself as well as being a proxy for a wide array of other polycyclic
aromatic hydrocarbons, many of which are also carcinogens. Indoor concentrations of nitrogen oxide
(NOy} and carbon dioxide {CO,) are also reported, the latter mainly as an indicator of indoor air quality
rather than for its relatively low potential for ill-health.? A large body of literature consequently exists,
mainly in Chinese journals. To help organize this growing literature and make it accessible outside
China, we present here a database of indoor measurements that have been abstracted from this
literature.® From it, one can obtain a rough idea of the ranges of poliutant levels to which Chinese are
exposed, as well as the importance of various factors such as location, season, and fuel type.
Although some of the same studies cited here and a number of others have examined the relationship
between indoor air pollution and health effects in China, these results are not presented here (see,
however, Chen et al. 1990; Smith et al. 1994; Smith and Liu 1994). A personal-computer version of
the database is also available by mail for a limited time.*

Database Sources

The 110+ papers cited in this database were published between 1980 and 1994, Nearly all
authors of the Chinese papers were from academic and research institutions or were authorities from
public health, occupational health, and environmental protection agencies. Only six were written by
researchers at health divisions of large enterprises—one at a steel mill and the other five at railroad
enterprises. Authors' affiliation of some papers was not stated.

! Most commanly, total suspended particulates (TSP) are meagured, although reporting of particulate matier with diameter =10 pm
{PM10, the health consequences of which are more serious than for larger particles) is increasingly common. Qccasionally other categories
of particulates are raported {8.g., particulate matter less than a diameter of 3.7 um or 2.5 pm).

* Other aitborne contarninants, such as formaldehyde, benzans, and lead, have usually been measurad only in ambient air.

* A preliminary version of this database can be found in Sinton {1 992).

* Contact Office of Glabal and Intagrated Environmental Health, WHO, Ganeva CH-1211, Switzerland. The wotrksheats, which are in
Microsoft Excel, are available in both Macintosh and Windows versions.
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Figure 1. Approximate 1992 distribution of household energy use in China by fuel type. Note the big
difference in rurat and urban fusl-use patterns. Because China is still mostly rural (73% in 1992) and urban
energy use is more efficient, urban use accounts for just 13% of the total demand for household energy in
the country.

Most of the papers used were published in Chinese journals, but a substantial number are available in
English—some were published in Western scientific journals (especially studies conducted jointly with
Westem researchers) and others as conference papers. The single most important source of the
Chinese language articles is the Joumal of Environment and Health (Huanjing yu Jiankang Zazhi).

Database Contents

The database is organized by pollutant (particulates, 80, CO, NO,, and BaP), fuel type (coal,
gas, and biomass), and location (urban and rural). Table 1 keys all the papers cited in the database
with respect to what subjects each paper covers. The database itself is made up of separate
worksheets containing entries corresponding to one combination of the three categories (e.g., 80, in
coal-using urban households). As can be seen by the column headings at the top of each worksheet,
when available, much additional information about each study is also included. At the end is the list of
references cited here in the introductory section and in the worksheets; it also contains supplementary
readings related to indoor air pollution in China. Table 2 lists Chinese standards for comparison.
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Table 1. {cont.)
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Table 2. Chinese Ambient Air Pollution Standards. Like most countries, China has not set
indoor air pollution standards. Those listed here for Class Il areas (residential) would seem
to be the most appropriate for comparison with indoor concentrations.

Annual " Dally 8-hour Maxirmum at
Average Average Average Any Time
Total suspended particulates (pg/m3)®
Class | 150 300
Class 1l 300 1000
Class Il 500 1500

PM10 (pg/m®)
Class t 50 150
Class 1l 500
Class Il 700
Sulfur dioxide {pg/m?)
Class | 150
Class I 500
Class !l 700
Carbon monoxide (mg/m?)
Class | 10
Class I} 10
Class Il 20
Nitrogen oxides (pg/m?3)
Class | 50 100
Chass Il 100 150
Class 1 150 300

Sources: WHOUNER (1992); State Council Environmental Protection Leadership Group (1982) (alse
publizhed in China Environmental Science Press [1986]).

"Proposed PM10 standards are one-half of these levels.

Class !: Tourisl, historical, and conservation areas,

Class |1: Residential wrban and rural areas.

Glass I industrial areas and heavy traffic arsas,

Sampling and Analysis Methods and Quality of Data

The level of reporting varied widely among the studies. Whereas some authors explained in
detail the sampling regime, conditions of sampling, and sampling and analysis equipment and
technigues, others stated their results with little additional information. Many of the studies done in
coal-using households, for example, neglected to mention the type of coal being used, whether the
coal was being used for heating and/or cooking, the type of stove, and the burning and ventitation
conditions: all of which can have a significant impact on levels of indoor pollutants. Some studies were
very careful on these points. Several were carried out with the express purpose of iluminating the
relationship between pollutant levels and room size or door and window closure.

The Chinese Academy of Preventive Medicine (Zhongguo Yufang Yixue Kexueyuan, formerly
the Institute of Public Health at the Chinese Academy of Medical Sciences) published national
guidelines, now out of print, for conducting sampling studies.’ The placement of sampling equipment,
calibration and analysis procedures, and other aspects are described in detail. Some authors refer to
a “standard procedure” that they followed in their sampling and analysis, which presumably refer to

$ This volume, Air Follution Monitoring Methods {Daqi Wuran Jiance Fangfa), was prepared in the early 1970s. A 1984 edition, pubtishad
by the Chemical Industry Press, is referanced in Zhou, Yang, et al. (1989). [t is still widely used by air poliution researchere. Copies of this
volume have become rare, and it is apparently unavaltable outside China.
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these guidelines. Standard sampling practice calls for sampler intakes to be placed in the center of
rooms about 1.5 meters above the floor. Outdoor samples are taken 3 to 5 meters from front doors or,
in the case of apartiments, from a balcony or entrance hallway open to the outside. Samples of gases
are collected for periods of 20 minutes, while particulate samples are collected over at least 2 hours.

Sampling Conditions

A knowledge of the conditions under which indoor air samples are taken is important in
comparing the results of different studies. Few of the studies, unfortunately, reported all the conditions
needed to judge the comparability of results between studies, including fue! type, stove type,
activities, ventilation conditions, time of year, location of households, and sampling location. All of
these factors are important in that they each have the potential, under certain circumstances, to
seriously affect monitoring results. Not all variables will be equally important at all times. For instance
if a researcher is comparing homes using raw bituminous coal in pit stoves, it is unlikely to matter
which households are near smelting plants. Household location in this situation would be more
interesting if the researcher were investigating homes using different types of gas. In order to make
the results of future studies more useful to others, it would be valuable if researchers could describe
at least briefly the state of the following variables:

Fuel Type and Amount

The type of fuel used clearly plays a large part in pollution levels, and it is desirable that the fuel
be described as well as possible. This is especially true for a fuel-like coal, which is a highly
variegated product used in many different forms.® Emissions factors for different types of coal and
coal products can vary by an order of magnitude or more (World Bank 1921). It would be
unreasonaple, and probably unnecessary, to expect a detailed analysis of fuel properties such as
heating value and ash and sulfur content to be done for each study. If possible, however, researchers
should report the coal type and its origin, so that if readers wish they can use published data on
average properties of coal from different mines and mining regions. Researchers might also note
whether the coal is in raw form (run-of-mine coal containing dust and dirt), sorted, washed, or formed
into briguettes. If briquettes are used, details of their composition and manufacture should be
reported: What percentages of what types of coal are used? Are they homemade coal cakes, old-style
egg-shaped briquettes, or honeycomb briquettes? What size are they? Was lime or any other
ingredient added to reduce sulfur emissions?

For LPG-using households it is generally unnecessary to report details of the fuel type, since
LPG is quite uniform compared to coal. Investigators might make an effort to find out and report the
type of piped gas, since natural gas is different from coal gas and different types of coal gas have
different heating values and impurities. This is less important if the study is comparing gas and coal,
since the difference in pollutant level between types of gas is much less than that between coal and
gas. Since coal gas can contain a high percentage of CO, however, if this pollutant is being
monitored, it might be noted whether coal gas or natural gas is used.

Biomass has, of course, very different properties even among fuels of the same type. Moisture
content, for instance, will affect heat value per unit of fuel, combustion efficiency, and the composition
of the products of incomplete combustion. Studies should note the type of biomass used and
describe, if possible, fuel characteristics (e.g., moisture content and species).

Although adding an extra burden on the researchers, it can be valuable to those trying to
understand the impact of stove use on indoor air quality if the amount of fuel used during the sampling

¥ The most common form currantly used is known as the honeycomb briguettas~-a ayiindrical briguatte with reund halas running through
the briquettes perpendicular to tha cirgular faces,




introduction

period is recorded. In lieu or in addition, a useful surrogate is to note the amount and type of food
cooked while sampling occurred.”

Sfove Type

The type of stove used makes a difference, especially whether the stove has a flue or whether
a kang (a heated brick bed, through which the flue gases from a stove or a firepit pass) is used. Some
of the studies do not make clear whether the households studied had flues. Stove type can make a
difference in the amount of fuel needed to perform a given task, as well as in the amount of pollutants
ernitted per task. Some design features of the stove should be reported—for instance, whether it was
designed especially for the type of briquettes used during sampling or whether flue gases pass
through a kang before venting to the outside. Future studies in which only stove type is varied would
be useful in determining the importance of this variable.

Activities

It should be clear that the nature of the fuel-using tasks occurting at the time of sampling is a
significant variable. The reader would like to know what combination of cooking and heating tasks
were carried out in what way and at what time in relation to sampling. Authors should not assume that
readers are already familiar with patterns of fuel use in the households where sampling was done. For
example, some people who use LPG live in apartment buildings with central heating, whereas others
live in one-story houses (usually of brick) heated with coal stoves, and it is usually not clear into which
category the households fall. In this case one would also like to know for what part of the year LPG is
used for cooking, since many households cook with coal during the winter when the heating stove is
already in use.

Smoking rates in China are very high, and smoking can have a tremendous impact on levels of
indoor air pollutants. Some of the sources in the database noted smoking conditions in the
households under study, but many did not. Only one study (Wang and Zhang 1290) compared
poliutant levels in households in which smokers were and were not present. Future studies might well
note this point carefully.

Because of the effects of cooking on particulate levels, sampling done during cooking periods
should report the type of cooking activity. A study of air quality in Beijing residences found that
personal exposure to PM10 varies greatly depending on the type of cooking process (Qiu et al. 1990,
87). Frying, for instance, resulted in a much higher level of particulates than other cooking methaods.

Ventilation

Details of the layout and ventilation conditions of households in which samples are taken would
contribute to interpretation of figures reported in research articles. Whether windows are open or
closed and the number and placement of rooms will have some bearing on monitoring resuits.
Although some studies are explicitly concerned with the effects on poliutant levels of changes in
ventitation conditions (e.g., Zhou, Yang, et al. 1989) or comparing pollutant levels in households with
different layouts (e.g., Guo and Tang 1285; Qiu and Chen 1990), most do not discuss these points.
The studies that do compare the effects of ventilation conditions on pollutant levels show significant
variation attributable to this factor. Although air exchange rates are difficult to measure, researchers
might describe relevant conditions so that exchange rates can be estimated based on studies of air

” For completely compatible comparisons of differant stoves and/or fusls, it would be best to moniter air pollution during standard cooking
tasks. If these tasks are those specified in the national cookstave efficlency protocol (UDG 1984, 1986), then trade-offs between emissions
and fuel use can be examined.







