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Executive Summary 

 
 
Concentrations of suspended particulate in Christchurch exceed ambient air quality 
guidelines on about 30 days per year.  The impact of these particles on health effects such 
as mortality and hospital admission have been assessed based on recent epidemiological 
studies in Christchurch (Hales et al, 1999; McGowan et al 2000).  Results indicate that 
around 40-70 deaths and 75-100 hospital admissions per year occur because of existing 
PM10 concentrations in Christchurch (Wilton, 1999). 
 
The broader impact of PM10 concentrations was estimated for Christchurch based on the 
“Restricted Activity Days” (RAD) indicator defined in Ostro (1987).  These RAD included 
days spent in bed, days missed from work and days when activities are partially restricted 
due to illness.  Data were based on concentrations of the finer, PM2.5, component of PM10. 
The American Lung Association (1995) converted the Ostro (1987) study to a population 
based statistic and indicated approximately 91,200 RAD each year per one million 
population per 1 µgm-3 increase in annual average PM2.5.  These data were used by Foster 
(1996) to estimate that approximately 82,000 RAD per year in Christchurch were associated 
with PM2.5 concentrations.   
 
The original estimate of RAD of 82,000 was based on the assumption of a threshold of 30 
µgm-3 for PM10, below which no adverse effects would occur.  This assumption is no longer 
considered appropriate as recent epidemiology suggest the absence of any threshold for 
particulate impacts.  The number of restricted activity days in Christchurch have therefore 
been recalculated. 
 
Results indicate that the number of RAD per year that occur as a result of PM2.5 
concentrations in Christchurch is in the order of 300,000 and 600,000.  Results should be 
treated as indicative of order of magnitude as the estimate is based on limited data available 
from a single study of RAD.   
 
 
 



Recalculation of the number of restricted activity days that may be associated  
with particulate concentrations in Christchurch 

   
 
 

   
2  Environment Canterbury Technical Report  
 

 

Introduction  
 
Air quality in Christchurch has been a major cause of concern for many years.  Environment 
Canterbury, who is responsible for managing the air quality in the city, has identified 
suspended particulate or PM10, as the main contaminant of concern.  Suspended particulate 
(PM10) comprises all particles in the air that are less than 10 microns in diameter and 
includes the PM2.5 size fraction commonly referred to as fine particles.  The Ministry for the 
Environment (MfE, 2000) has a proposed guideline for PM10 of 50 µgm-3 (24-hour average) 
and has proposed an interim guideline for PM2.5 of 25 µgm-3.  In 199?, Environment 
Canterbury adopted a guideline for PM10 of 50 µgm-3 (24-hour average).   
 
During the winter months, concentrations of PM10 in Christchurch regularly exceed the 
ambient air quality guideline for PM10 of 50 µgm-3.  These exceedences typically occur during 
the months of May to August inclusive and occur on average on about 30 days per year.   
 
Domestic fires have been identified as the main cause of the high concentrations of PM10 
and management measures to address PM10 emissions from this source have been 
considered by Environment Canterbury.  A draft plan was released in 1998, which included 
proposals to prohibit the use of open fires and to require that solid fuel burners be replaced 
15 years after installation.  These proposals are currently being reviewed prior to the 
preparation of a proposed air plan for Christchurch.   
 
Assessments of the impact of existing PM10 concentrations on the Christchurch population 
have been carried out by a number of researchers.  Hales et al., (1999) found a 1% increase 
in mortality per 10 µgm-3 increase in 24-hour average PM10 concentrations.  Similarly, 
McGowan et al., (2000) found increases in hospital admissions were associated with 
increases in the 24-hour average PM10 concentration.  Concentrations of PM10 in 
Christchurch have been used in conjunction with the effects described in these studies to 
estimate the health risk associated with concentrations of PM10 in Christchurch.  These 
assessments indicate that existing PM10 concentrations are associated with around 40-70 
deaths and around 75-100 hospitalisations per year (Wilton, 1999).  These studies provide 
an indication of the more severe impacts of particulate pollution.   
 
A broader description of the potential impacts of particulate pollution is provided by Ostro 
(1987) in an assessment of restricted activity days (RAD).  These are defined as days spent 
in bed, days missed from work and days when activities are partially restricted due to illness.  
The broader impact of particulate pollution in Christchurch can be assessed based on this 
description of RAD and overseas studies of the impacts of particulate pollution on RAD. 
 

Methodology  
 
Restricted activity days (RAD) are defined by Ostro (1987) as days spent in bed, days 
missed from work and days when activities are partially restricted due to illness.  Ostro 
(1987) examined the association between PM2.5 concentrations and RAD in the adult 
population during a two-week period in 49 United States metropolitan areas.  Ostro (1987) 
examined the association between PM2.5 concentrations and RAD in the adult population 
during a two-week period in 49 United States metropolitan areas.   
 
Results of the Ostro (1987) study have been interpreted by the American Lung Association 
(ALA) to show that approximately 91,200 RAD each year per one million population per 1 
µgm-3 increase in annual average PM2.5.   These data were used by Foster (1996) to 
estimate approximately 82,000 RAD in Christchurch per year associated with concentrations 
of particles.  This estimation was based on the assumption that 60% of the PM10 was PM2.5 

and a no adverse effect level of 30 µgm-3.   
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The latter assumption is rejected by Wilton (1999) as it is not supported by more recently 
epidemiology and because it makes little sense to apply such a threshold, originally used for 
a 24-hour averaging period, to an annual average.   
 
Since the estimation of RAD in Foster (1996), more is understood about the relationship 
between concentrations of PM10 and PM2.5 in Christchurch.  Foster (1998) indicates that 
during high pollution events approximately 90% of the PM10 is PM2.5.  The relationship varies 
with season with a lesser proportion (about 54%) of the PM10 existing as PM2.5 during the 
summer months.   
 

Restricted Activity Day impacts in Christchurch  
 
The number of restricted activity days (RAD) in Christchurch that are likely to occur as a 
result of existing particulate concentrations have been recalculated based on the absence of 
a no-effects threshold for particles.  Despite evidence indicating that 90% of the particles in 
Christchurch on a high pollution night are less than 2.5 microns in diameter, and therefore 
constitute PM2.5, a conversion of 60% is used to estimate the PM2.5 annual average 
concentrations because of variations in this relationship in the summer months.   
 
The formulae proposed by the American Lung Association (ALA), which converts Ostro 
(1987) data into a population based statistic, indicates 91,200 RAD per 1,000,000 population 
per 1 µgm-3 annual average PM2.5 concentration.  Based on a population of 300,000 this 
indicates 27360 RAD per 1 µgm-3 increase in annual average PM2.5 in Christchurch.   
 
The annual average PM10 concentrations measured in Christchurch from 1990 – 2000 
ranged from 19 µgm-3 to 36 µgm-3.  Assuming that 60% of the annual average PM10 is PM2.5 
the annual average PM2.5 concentration range is 11 to 22 µgm-3.  Calculation of restricted 
activity days for Christchurch for this range of PM2.5 concentrations is given in equations 1 & 
2. 
Equation 1 27360 days per 1 µgm-3 x 11 µgm-3  =  300,960 days 
Equation 2 27360 days per 1 µgm-3 x 22 µgm-3  =  601,920 days 
 
This assessment indicates that the impact of PM2.5 concentrations on RAD in Christchurch is 
around 300, 000 to 600,000 days.  Thus the original estimate of 82,000 RAD in Christchurch 
(Foster, 1996) is extremely conservative and it is more likely that the impact is much greater. 
 
This estimate should be treated as indicative of the order of magnitude only, as the estimate 
is based on limited data available from a single study of RAD.  Moreover, use of an annual 
average concentration to quantify health impacts of PM2.5 concentrations is likely to be 
limited. 
 

Conclusions 
 
A revision to the assessment of the impact of existing particulate concentrations on the 
number of restricted activity day in Christchurch has been carried out.  The revision was 
required because original assumptions relating to the existing of a threshold below which 
effects do not occur is now considered inappropriate.   
 
The revised assessment indicates that the overall health impacts of existing particulate 
concentrations on restricted activity days in Christchurch is likely to be much greater than 
previously thought.  It is likely that the impact of PM2.5 concentrations in Christchurch is in 
the order of 300,000 to 600,000 RAD per year.     
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Appendix 1: Peer Review of this report by Kevin Rolfe, Kevin 
Rolfe & Associates Limited 
 
 
Introduction 
 
Restricted activity days, which include days spent in bed, days missed from work, and days 
when activities are partially restricted due to illness, is one measure (amongst several) of the 
morbidity effects of the particles component of air pollution.  Other morbidity effects of 
particles include respiratory hospital admissions, emergency room visits, lower respiratory 
illness, chronic bronchitis, asthma attacks, and respiratory symptoms days.  Statistically 
significant relationships for each of these, and for premature mortality, have been developed 
as a function of a per µg/m3 unit change in concentration of particles.  These relationships 
were first published collectively in a World Bank Policy Research Working Paper by Ostro 
(1994)1, and now appear in standard Guidebooks (such as Shah et al (1997)2) for the 
management of urban air quality.  Wilton (2001)1 focuses solely on the measure restricted 
activity days. 
 
 
Ostro’s original work 
 
The original work relating adult restricted activity days and particle concentrations was 
published by Ostro (1987)3.  He examined the relationship between adult restricted activity 
days in a two week period and concentrations of fine particles in the same two week period, 
for 49 metropolitan areas in the United States.  The restricted activity data were from the 
Health Interview Survey conducted annually by the National Center for Health Statistics.  
The fine particles data were estimated from visual data available for airports in each area. 
 
Ostro made the assumption, which has since been confirmed by work in many jurisdictions 
(such as Ayres et al (2001)4, for Australia), that there is a direct relationship between fine 
particles as measured from visual data and concentrations of PM2.5. 
 
Ostro obtained separate regression coefficients for six years, 1976 to 1981.  A statistically 
significant relationship was found in each year, and was consistent with earlier findings 
relating restricted activity days and total suspended particulates (Ostro (1983)5).  He then 
selected the approximate average of the six coefficients in calculating a central estimate, and 
derived upper and lower estimates from the range in the coefficients over the six years.  The 
form of the relationship is that of a coefficient for the change in restricted activity days per 
year associated with a unit change in annual average concentrations of PM2.5.  The central 
estimate for that coefficient is 0.0048, and the upper and lower estimates are, respectively, 
0.0076 and 0.0034.  More recent work (Ostro (1990)6) obtained generally similar results as 
these. 
 
                                                
1  Ostro, Bart (1994): “Estimating the health effects of air pollutants: a method with application to 
Jakarta”, Policy Research Working Paper 1301, The World Bank. 
2  Shah, J.J., Nagpal, T., and Brandon, C.J. (Eds.) (1997): “Urban Air Quality Management in Asia – a 
Guidebook”, The World Bank. 
3  Ostro, Bart (1987): Air pollution and morbidity revisited: a specification test, Journal of Environmental 
Economics Management, 14:87-98. 
4  Ayres, G, Edwards, M, and Gras, J. (2001): “Fine particle measurement calibration study data 
analysis”, a report to Environment Australia from CSIRO Division of Atmospheric Research. 
5  Ostro, Bart (1983): The effects of air pollution on work loss and morbidity, Journal of Environmental 
Economics Management, 10:371-382. 
6  Ostro, Bart (1990): Associations between morbidity and alternative measures of particulate matter, 
Risk Analysis Journal, 10:421-427. 
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American Lung Association’s interpretation 
 
The American Lung Association (1995)7 used Ostro’s coefficients to estimate the increased 
number of restricted activity days per year per 1 million population, for each 1 µg/m3 increase 
in annual average PM2.5 concentration.  Presumably they adjusted Ostro’s data, which was 
for adults, to equivalent whole population.  The values determined by the American Lung 
Association were, for the central estimate, 91,200 additional restricted activity days per year 
per 1 million population for each 1 µg/m3 increase in annual average PM2.5 concentration, 
and for the upper and lower estimates, respectively, 171,000 and 53,200. 
 
 
Wilton’s calculation for Christchurch 
 
Wilton adjusted the central estimate for the United States to the Christchurch situation, 
based on population, and obtained a result for the central estimate of 27,400 additional 
restricted activity days per year for each 1 µg/m3 increase in annual average PM2.5 
concentration.  (The equivalent upper and lower estimates were not calculated, but would 
have been, respectively, 51,300 and 16,000.)  Wilton then used the fact, which is now clearly 
recognised internationally, that there is no apparent threshold for the onset of health effects 
associated with particles air pollution, to equate the additional restricted activity days to the 
actual restricted activity days. 
 
Wilton estimates the annual average PM2.5 concentration in Christchurch is in the range 11 
µg/m3 to 22 µg/m3.  The lower concentration value gives a central estimate of 301,000 
restricted activity days per year.  (If the upper and lower estimates had been used, they 
would have been, respectively, 564,000 and 176,000.)  The upper concentration value gives 
a central estimate of 602,000 restricted activity days per year.  (If the upper and lower 
estimates had been used, they would have been, respectively, 1,130,000 and 352,000.)  
Wilton concluded that the impact of PM2.5 concentrations in Christchurch is around 300,000 
to 600,000 restricted activity days per year. 
 

 
Validity of Christchurch calculation 
 
The calculation carried out by Wilton is valid.  It is based on data that can be supported.  It 
needs to be remembered, though, that restricted activity days are only one measure of the 
morbidity effects of particle air pollution.  Similar estimates can be calculated for other 
measures of morbidity, and also for premature mortality.  Monetary values can be placed on 
these impacts (such as a study for Bangkok, reported in Shah et al (1997)3, which used the 
monetary loss of a restricted activity day as 50 per cent of the average adult daily wage 
rate).   

                                                
7  American Lung Association (1995): “Dollars and cents – the economic and health benefits of 
potential particular matter reduction in the United States”, 1740 Broadway, New York. 
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