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Table 2

Results of muluple regression analysis between PM

and hospital admissions

Health effect indicator and PM,, model used

All respiratory admissions:
Same day 24 h*
Lag 1 day
lag 2 day
Lag 3 day

Moving mean of past 3 days*

Model resudrs

Regression coefficient (93% Cls) P calue
00526 (0-0241 to 0-0811) 00003
0:0464 (0-0177 10 0-0750) 0-:0015
0-0415 (0-0128 to 0-0701 0-0046
0-0535 (0-0249 1o 0-0820) 00003

Q0616 (0-0265 to 0-0966) 0-0006

Asthma admissions (square root):

Same day 24 h
[ag 1 day

lag 2 day*
[.ag 3 dav

Moving mean of past 3 days*

Bronchitis admissions (log..):
Same day 24 h*
lLag 1 day
Lag 2 day
lag 3 day
Moving mean of past 3 days
Pneumonia admissions:
Same day 24 h
Lag 1 day
Iag 2 day
Lag 3 day*

Moving mean of past 3 days*

Q0012 (0 0UL8 to 0-0041) 04391
0-0027 { = 0-:0002 to 0-0057) 0072

0-0038 (00009 to O-0068) 00112
0-:0036 (0-0007 to 0-0066) 0-015

00046 (0-0010 to O-008] 0012

0-002 (0-:0007 to 0-0034) 0-0033
0:001 { = 00004 to 0:0024; 01536
0-001 (- 0:0004 to 0-0024; 01519
510 - 0-0014 1o 0:0015) 09392
0001 ¢ 00007 to 0-0027) 02319
0-0167 (00051 to 0-0008) 0-001

0-:0104 (0-:0005 1o 0-:0204) 0:0393
0-0145 (0-0046 to 0-0244) 0-0041
Q0187 (0-0089 to 0-0286) 0-0002

0-0205 (00084 to 0-0625; 00009

COPD admissions:
Same day 24 h 0-0023 {00069 10 0-0115) 06018
Lag 1 day 0-0072 ¢ 0-:0020 to 0-0164) 01251
[Lag 2 day 0-002 ¢ 0-0072 1o 0-:0112) 0-6698
[ag 3 day 0005 (- 0-0042 1o 0:0142) 02873
Moving mean of past 3 days 0-0056 ¢ - 0:0055 10 0-0168) 03219
Cerebrovascular disease admissions:
Same day 24 h* O-0137 (00002 to 00273, 0-0475
Lag 1 day 0-0097 {-0-0039 to 0-0233) 0-1603
Lag 2 day 00031 (= 0:0104 10 0-0167; 00494
Lag 3 day 0-0072 1 - 0:0063 to 0-0207 0-2975
Moving mean of past 3 days 0011 ¢ 00054 10 0:0274) 01899
Ischaemic heart disease admissions:
Same day 24 h Q0074 ¢ 00224 1o 0-0371} 0627
Lag 1 day 0-:0069 ( -0:0364 t0 0:0229) 06536
Lag 2 day 0-0179 ¢ ~0-0476 1o 0-0119) 0-2384
Lag 3 day 0-0042 ¢ 0-0341 1o 0-0256) 07811
Moving mean of past 3 days 00177 ¢ 00538 to 0-0184) 0-3354
*Model chosen for further analysis.
Table 3 Results of muduple regression analysis betzoeen PAL, and mortality
Model resudes
Health effect indicator and PM ., model wsed Regression coefficientr (95% Cls) P value
All respiratory deaths:
Same day 24 h 0-002 (- 00127 1o 0-0087) 07133
Lag 1 day 00061 ¢ 0:0046 1o 0-0168 0:2621
Lag 2 day 00086 ( —0-0020 to 0-:0193) 01126
Lag 3 day 0-0046 ¢ - 0-0061 10 0-:0152) 04021
Moving mean of past 3 days 0-:0098 (- 0-:0032 10 0:0228) 0-1407
All circulatory deaths:
Same day 24 h 0-0066 (—0-0114 to 0-0246) 0-4701
Lag 1 day* 0-0198 (0-0017 to 0-0380) 0-0302
Lag 2 day 0-:0093 (- 0:0087 to 0-:0274) 0311
Lag 3 day 0-006 (- 00122 to 0-0241) 0-5206
Moving mean of past 3 days 00149 (= 0:0072 10 0-0371) 0-1864
COPD deaths:
Same day 24 h* 0-0069 (0-0010 to 0-0127) 0-021
Lag 1 day* 0-:0065 (0-0007 to 0-0123) 0-287
Lag 2 day 0:0038 (- 0:0020 to 0-:0097) 0-1976
Lag 3 day 00016 (- 0:0043 to 0-0075) 0-5978
Moving mean of past 3 days 0-0055 ¢ ~0-0016 to 0-0126) 0-131
Pneumonia deaths (log, )
Same day 24 h 0-0013 ¢~ 0-0029 to 0-0003) 01092
Lag 1 day 6«10 (00016 to 0-:0015) 0-9401
l.ag 2 day 00009 { ~ 0-0006 to 0-0023) 02635
[ag 3 day 0-:0002 0-0012 10 0-:0017) 0-7741
Moving mean of past 3 days 0-0008 ¢ 0-0011 to 0-0026) 0-4172
All causes deaths:
Same day 24 h 0-0075 ( = 0-0370 10 0-0219) 06157
Lag | day* 0-032 (-~ 0-0026 to 0-0614) 0033
Tag 2 day 0:0085 (- 0-0209 to 0-0378) 0-5716
Lag 3 day 0-0022 ¢ 00273 t0 0-0317) 0-8836
Moving mean of past 3 days 0-:0186 (- 0-0174 to 0-0546) 0:3094

*Model chosen for further analysis.

0-16. Ten models were significant at P < 0-01.
The probability of obtaining this result by
chance is 0-06.

Of the models constructed for each of the
30 ranked temperature groups, 17 were signif-
icant at the 1% level and 26 at the 5% level.
The probabilities of these results occurring by
chance are 0-:0176 and 0-057 respectively.

Wordlev, Walters, Ayres

MODELLING PUBLIC HEALTH EFFECTS

Previous studies have not been able to show a
threshold effect for PM,,. We calculated the
relative risk of hospital admission or death for
each outcome by comparing the risk on days
when PM . particles exceeded 50, 60, and 70
ug/m’ with the mean risk over the whole two
year period. The estimates of risk were made
with the model to adjust for confounding fac-
tors. This would allow us to see at what level
the relative risk rose significantly above 1.

We also used the model to estimate the
number of health events that could be saved
for each outcome if the 24 hour mean PM,,
had been kept below 50, 60, and 70 ug/m’
over the two year period. Each threshold was
looked at in turn. On days on which the
threshold was exceeded in Birmingham, the
difference between the observed concentration
and the threshold was multiplied by the
regression coefficient for the relevant model to
estimate the number of health events that
could have been saved on that day. These
were then added together for the whole period
to estimate total health events saved. If mea-
sures were taken to reduce PM,, to below 70
ug/m’, then it is likely that the number of days
when PM,, particles exceeded 50 and 60
ug/m’ would fall, and possibly the mean value.
Our estimates do not take account of this, and
represent conservative estimates of health ben-
efit.

To allow comparison with previous publica-
tions, present results were also calculated as a
percentage increase in health outcome for a
10 pug/m’ increment in PM,,.

Results

Figure 3 is a plot of predicted and actual mea-
surements to show an example of model fit for
all respiratory admissions with a three dav
moving average model for PM,,.

Table 1 shows the distribution of variables
used in the analyses. Data were missing for 11
out of a total of 730 days. Mean 24 hour PM,,
exceeded 70 ug/m’ on 13 days, 60 ug/m’ on 27
days, and 50 ug/m’ on 60 days. Figure 4 shows
plots of time against temperature, PM,.,
ozone, NO,, and SO..

Table 2 shows the results of multiple regres-
sion analysis for hospital admissions, and table
3 shows the results for deaths. Hospital admis-
sions for chronic obstructive pulmonary dis-
ease (COPD) and ischaemic heart disease did
not show any significant association with PM,,
with any lag. Hospital admissions for asthma,
bronchitis, all respiratory disease, and pneu-
monia all showed significant associations with
PM,, concentrations. Admissions for asthma,
respiratory disease, and pneumonia showed
steeper gradients for the three day moving
average PM,,, although significant associations
were also found at varying degrees of lag for
these health outcomes. Bronchitis and acute
cerebrovasular admissions showed significant
associations only for PM,, of the same day.

Associations between mortality and ambi-
ent PM,, were of lower significance than those
for hospital admissions. All causes mortality
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Table 4 Regression analysis for relation berween PM,, and hospital admissions for all
respiratory disease (same day) in each of 30 ranked groups of temperature (models include

adjustment for weekday)
Temperature ~ Temperature
group (mean (range)) x coefficient SEM P value
1 —1:39 (—2:810 0-8) 0-1598 0-0976 0-126
2 0-78 (0-1 to 1-58) 0-2301 0-0826 0-0127
3 218 (1:6 to 2-9) 0-3503 0-089 0-0011
4 3-35 (29 t0 3-8) 0-1878 0-1729 0-2925
5 4-05 (3-81t0 4'3) 0-8589 0-2491 0-0029
6 4:65 (4310 49) 0-6589 0-1452 0-0003
7 5:20 (49 t0 5'5) 0-1441 0-1975 0-4761
8 5:73 (5:5 t0 6-0) 0-8529 0-1481 < 0:0001
9 624 (6°1 to 6°4) 0-8258 01586 0-0001
10 6:66 (6:4 to 6-9) 0-3327 0-1091 0-0069
Mean x coefficient rank 1-10 0-4601
11 7-08 (69 to 7-3) 0-4348 0-1552 0-0134
12 7-57 (7:3t0 7°9) 0:5506 0-1941 0-0109
13 8:16 (7-9 to 8-5) 0-2743 01117 0-0251
14 8-80 (8'5t09°1) 0:6696 0:0923 < 0:0001
15 9:36 (9:1 t0 9-6) 0-3805 0-1019 0-0015
16 9:90 (9-6 to 10-3) 04982 0-1036 0-0002
17 10:6 (10-3 to 10-9) 0361 0-0917 0-004
18 11-1 (109 to 11-3) 0-4042 0-1075 0-0014
19 114 (11'3 0 11:7) 0-2475 0-126 0-0671
20 119 (11-8 to 12°1) 0-2655 0-0955 0-0123
Mean x coefficient rank 11-20 0-4083
21 12:6 (12-1t0 13°1) 0-5448 0-1258 0-0005
22 135 (131 to 13-8) 0-4615 0-0979 0-0002
23 141 (13-8 to 14:3) 0-359 0-0932 0-0002
24 14:6 (143 to 14'8) 0-0204 0-1355 0-8871
25 15-0 (14-8 to 15°3) 0-3334 0-1166 0-0109
26 15-6 (15-3 to 15°9) 0-2031 0-0932 0-0457
27 161 (159 to 16°5) 0-3787 0-0796 0-0002
28 16:9 (16:5to 17:3) 0-4082 0-1056 0-0011
29 17-8 (17-3 to 18+4) 0-2578 0-0991 0-0186
30 19-5 (18-4 to 21:3) 02979 0-0538 < 0-0001
Mean x coefficient rank 21-30 0-3265
Overall mean x coefficient 0-3984

Table 5 Results of sensitivity analysis of model for same day 24 h PM,, and hospital
admissions for all respiratory conditions, showing effects of censoring

Regression

Model specification coefficient SEM P value
Basic model 0-0526 0-0146 0-0002
Remove T, > 95th and < 5th centile 0-0693 0-0168 < 0-:0001
Plus remove mean PM,, > 95th

and < 5th centile 0-:0907 0-0238 0-0002
Plus add first order autoregressive term 0-0783 0-0231 0-0008
Plus add term for winter 0-0644 0-0169 0-0001
Plus add T,,,, on two preceding days

and relative humidity 0-0693 0-0231 0-0028

Table 6 Percentage and absolute increase in health effects for a 10 ug/m’ change in PM,,
for different health outcomes and PM,, models

% Increase in Absolute increase

Health effect indicator and PM,, Mean daily daily events in daily events
model used events (95% CI) (95% CID
All respiratory admissions: 21-8

Same day 2:4(1'1t037) 0-53 (0-24 to 0-81)

Moving mean of past 3 days 2:8(1-'2t04:4) 0-62 (0-27 t0 0-97)
Asthma admissions: 62

Lag 2 day 3-3(0:7 t0 6-2) 0-2 (0-05 to 0-39)

Moving mean of past 3 days 4-0 (08 to 7:6) 0-25 (0-05 to 0-47)
Bronchitis admissions: 2:4

Same day 58 (1:7t0 11-9) 0-14 (0-04 to 0-:29)
Pneumonia admissions: 3-4

Lag 3 day 57 (2:7 to 8:5) 019 (0-09 to 0-29)

Moving mean of past 3 days 6:3 (2:5t09-7) 0-21 (0-04 to 0-29)
Cerebrovascular admissions: 66

Same day 2:1 (003 to 4°1) 0-14 (0-002 to 0-27)
Circulatory deaths: 119

Lag 1 day 1-7 (0-2 to 3-2) 0-20 (0-02 to 0-38)
COPD deaths: 1-4

Same day 5-0 (0-7 t0 9-3) 0-07 (0-01 to 0-13)

Lag 1 day 5-0 (0-5 to 8:6) 0-07 (0007 to 0-12)
All causes mortality: 29-2

Lag 1 day 11 (0-1 to 2:1) 0:32 (0026 to 0-61)

and all deaths from circulatory causes and
COPD were significantly associated with PM,,
lagged by one day, and COPD was signifi-
cantly associated with same day PM,,. All res-
piratory deaths and deaths from pneumonia
were not significantly associated with PM,,.
No other significant associations between
mortality and PM,, were found.

Table 4 shows the results of applying a
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model for all respiratory admissions within 30
ranked groups of temperature, adjusted for
day of the week. This shows that in 17 of the
30 models, PM,, was significantly associated
with hospital admissions for respiratory dis-
ease at the 1% level, and in 26 models at the
5% level. The regression coefficient was mar-
ginally larger for the coolest tertile. This con-
firms that the association found in the
regression models seems to occur throughout
the temperature range.

Table 5 shows the results of sensitivity
analysis for the association between same day
24 hour PM,, and hospital admissions for all
respiratory conditions.

Table 6 shows the percentage and absolute
increases in health outcomes for a 10 ug/m’
change in PM,,. This study estimated that
for a 10 ug/m? change in PM,,, there would be
a 2-4% increase in respiratory admissions,
a 2:1% increase in cerebrovascular admissions,
a 1:7% increase in circulatory mortality, and a
1:1% increase in all causes mortality.

Table 7 shows the relative risk associated
with changes of PM,, above certain specific
thresholds. Figures 5 and 6 show examples of
the calculated increment in relative risk seen at
different thresholds. The increase in risk is
almost linear with no evidence of threshold.

Table 8 shows the number and percentage
of hospital admissions that might be avoided if
PM,, values were limited to certain thresholds.
Keeping PM,, below 70 ug/m*® would reduce
all health outcomes by under 1%, and total
mortality by only 0-2%. The potential number
of admissions or deaths saved increase at lower
thresholds.

Discussion

This study has shown for the first time an
association between current ambient concen-
trations of PM,, and short term variations in
hospital admissions and mortality in the
United Kingdom. The question remains as to
whether the association found is causal, or due
to residual confounding. The models used in
this study considered obvious causes of con-
founding, including meteorological factors and
periodic fluctuations in hospital admissions
and mortality associated with health service
administrative factors, seasonality, and long
term trends. In this, it is similar to other mod-
elling exercises. However, data were not avail-
able for other potential confounding factors, in
particular the daily incidence of respiratory
viral infections and pollen count, and these
could represent residual sources of confound-
ing. Indeed, divergences between the pre-
dicted and actual admissions were seen at
times of year when there is likely to be a high
incidence of respiratory viral infections. It is
possible that residual confounding may
equally reduce, as well as increase the strength
of association.

Another possible area for confounding to
occur is in the treatment of meteorological fac-
tors. Our analysis, in common with others,
used same day 24 hour maximum temperature
and mean relative humidity. Also, we consider
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Figure 5 Relative risk for
PM,, excursions for
hospital admissions for all
respiratory conditions, with
a PM,, model of the
moving mean of the past
three days.

Figure 6 Relative risk for
all causes morzality for
PM,, values above various
thresholds with a PM,,
model with a one day lag.

Wordley, Walters, Ayres

Table 7 Relative risk of different health outcomes when PM,, exceeds different thresholds

Threshold at
50 pgim’
RR (95% CI)

Health outcome indicator and PM,,
model used

All respiratory admissions:

Same day 1-15 (1-05 to 1-24)

Moving mean of past 3 days 1-12 (1-01 to 1-22)
Asthma admissions:

Lag 2 day 1-05 (0-88 to 1-23)

Moving mean of past 3 days 07 (0-88 to 1:27)

Bronchitis admissions:

Same day
Pneumonia admissions:

Lag 3 day

Moving mean of past 3 days
Cerebrovascular admissions:

1-18 (0-89 to 1-44)

1-11 (0-91 to 1-31)
1-30 (1-07 to 1-53)

Same day 116 (1-01 to 1-31)
Circulatory deaths:

Lag 1 day 1-05 (095 to 1:14)
COPD deaths:

Same day 1-18 (0-91 to 1-47)

Lag 1 day 1-12 (0-91 to 1-47)
All causes mortality:

Lag 1 day 1-:04 (098 to 1-10)

Threshold at Threshold at

60 ugim’ 70 uginm’

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

1-20 (1-09 to 1-30) 1-31 (1-20 to 1-42)
1-15 (1-03 to 1-26) —

1-03 (0-86 to 1:21) 1:12 (093 to 1-32)

1:15 (0-92 to 1-35) —_
1-46 (1:04 to 1-73) 1-77 (1-21 to 2:11)

1-25 (1-:04 to 1-45) 1-39 (1-18 to 1:60)
1-43 (118 to 1-68) —

1-17 (1-01 to 1-33) 1-26 (1-08 to 1:43)
1-08 (0-99 to 1-18) 1-11 (1-01 to 1-22)

1-33 (1-01 to 1-62)
1-23 (1-01 to 1-62)

1-45 (1-10 to 1-77)
1-35 (1:10 to 1-77)

1-07 (1-01 to 1-14) 1-10 (1-02 to 1-16)

Relative risk is calculated with values for health outcomes predicted in the model by comparing absolute risk on all days in excess
of the threshold with average absolute risk over the whole two year period.

the effects of lagged temperature in the sensi-
tivity analysis, and also showed that a signifi-
cant association between hospital admissions
for respiratory disease and PM,, is present in
26 of 30 ranked and essentially isothermal
groups. This suggests that the association
described is not due to confounding effects of
temperature. However, it is possible that
health outcomes relate not just to these, but to
factors such as diurnal temperature swing, or
to longer term moving mean temperatures,
and the optimum method of adjusting for con-
founding meteorological factors in analyses of
this kind requires further work. Although tem-
perature can show a non-linear or U shaped
association with mortality and hospital admis-
sions, this was not found in our data, and the
use of a linear temperature term was valid.
Gaseous pollutants may also show signifi-
cant association with health outcomes. How-
ever, it is difficult to determine this because
they vary closely with particulate concentra-
tions. Multiple regression analysis can help to
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find the associations when variables are inde-
pendent, but in reality effects of individual
pollutants are not independent of each other.
A synoptic climatological approach may help
to determine covarying physicochemical
atmospheric characteristics, and may be a
more appropriate method of finding the con-
tributory effects of different pollutant mixtures
than multiple regression analysis. This paper
considers PM,, in isolation, and further work
is required to determine the role of different
covarying pollutant and pollutant-weather
combinations.

The estimates of health effects that might
have been attributed to PM,, over the two year
period of the study make several key assump-
tions: we have to assume that the effects are
causal, that they are due either to PM,, alone
or acting in conjunction with other pollutants,
and that on each of the days when PM,,
thresholds were exceeded, the concentrations
could have been lowered to the threshold
value. Nevertheless they represent an attempt,
albeit crude, to look at the level of health
effects that might be attributed to PM,, pollu-
tion over the two year period in question, tak-
ing into account both the number of days on
which various thresholds were exceeded, and
the amount by which those thresholds were
exceeded in a real city situation. This is not to
say that other pollutants might not also have
additional independent effects, nor that all the
effects found here are attributable solely to
PM,,.

The estimated size of health effect is similar
to that found in other studies, mainly from the
United States. We estimate that an excursion
of PM,, of 10 ug/m? would result in a 2-4%
increase in all respiratory admissions and a
1:1% increase in all causes mortality. In a pop-
ulation of 1 million, this would be only 0-3
extra deaths and 0-5 extra hospital admissions
for respiratory disease. Estimates for certain
specific causes of death and hospital admission
were higher, but associated with wider confi-
dence intervals.

There have been several recent reviews of
the literature on acute mortality and particu-
lates, three of which review studies on the
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Table 8 Number* (%) of all admissions or deaths for different health outcomes that might be avoided if PM,, changes

above different thresholds were prevented

Events saved per year in a population of one million if PM,, did not exceed

Health outcome indicator and PM,,

model used 40 pgim’ 50 ugim* 60 ugim’ 70 uglm’
All respiratory admissions:

Same day 42-6 (0-53) 21-1 (0-26) 9-8 (0-12) 4-9 (0-06)

Moving mean of past 3 days 316 (0-39) 13-4 (0-18) 5-7 (0-07) 29 (0-04)
Asthma admissions:

Lag 2 day 173 (0-75) 86 (0-37) 4-0 (0-17) 2:0 (0-09)

Moving mean of past 3 days 13:5 (0-59) 5-7 (0-25) 2-4 (0-11) 1-:2 (0-05)
Bronchitis admissions:

Same day 83 (0-94) 4-1 (0-46) 1-9 (0-21) 1-0 (0-11)

Pneumonia admissions:

Lag 3 day 15-1 (1-22) 7-5 (0-60) 3-5 (0-28) 1-7 (0-14)

Moving mean of past 3 days 10-5 (0-85) 4-4 (0-36) 1-9 (0-15) 1-0 (0-08)
Cerebrovascular admissions:

Same day 11-1 (0-45) 5-5 (0-22) 2:5(0'1) 1:3 (0-05)
Circulatory deaths:

Lag 1 day 583 (1:33) 389 (0-89) 21-2 (0-37) 125 (0-29)
COPD deaths:

Same day 20-3 (4-00) 13:5 (2:67) 7-4 (1-46) 4-4 (0-86)

Lag 1 day 19-1 3-77) 12-8 (2-51) 70 (1-37) 4-1 (0-81)
All causes mortality:

Lag 1 day 94-2 (0-87) 62-8 (0-58) 64-3 (0-32) 20-2 (0-19)

Calculated with values predicted by a model.

*Numbers refer to deaths or admissions saved in a population of 1 million in one year.

health effects of PM,,.!°!'2¢ There is now a
strong consensus that there is a significant and
consistent association between mortality and
PM,,. Although all studies are different in
their location, and thus differ in background
concentrations of particulates, sources of par-
ticulates, and in their approach to confound-
ing factors, they suggest an increase of 1% in
all causes mortality for every 10 ug/m? increase
in PM,,. This study could not answer the
question whether the observed short term
increases in mortality represent early death in
seriously ill people or signify an increase in
overall mortalities.

There is greater variation in studies of acute
hospital admissions or attendances and ambi-
ent concentrations of PM,,, with some recent
studies from Europe reporting no association.
However, these studies on acute health service
use have been reviewed recently, again sug-
gesting a consistent association between hospi-
tal use for acute respiratory conditions and
ambient PM,,.”> Our finding of a 2:4%
increase in all respiratory admissions for a
10 ug/m? increase in PM,, is consistent with
the findings of this review.

The consistency of published work and of
our findings suggest that they are not spurious
or due to confounding. Instead our work pro-
vides evidence that the relations found in the
United States are also present in one city in
the United Kingdom, even under different cli-
matic conditions and with different sources of
PM,,.

There is an important and unexplained dif-
ference between our work and that from the
United States—the absence of an association
between admissions and deaths for ischaemic
heart disease and PM,,. The reason for this is
unknown. It may explain why our estimates of
health benefits are relatively small, as they
exclude any effect on ischaemic heart disease.

We were unable to study the effects in popu-
lation subgroups, such as children and elderly
people, in this study because small daily num-
bers of health outcome events preclude sepa-
rate analysis of subgroups. Some studies
suggest that elderly people may be at greater

risk.’8 We were also unable to look at the
potential importance of different components
of PM,, on health outcomes. Some studies
suggest that finer particles (PM,;) have greater
effect, and others that acid aerosols show the
strongest association with health out-
comes.'*!92¢ The question as to whether there
are sensitive subgroups within the population,
and which components of PM,, are most
closely associated with health effects require
further study in the United Kingdom. The
results from this study also require confirma-
tion from other cities in the United Kingdom.

Although we have shown significant associa-
tions between acute health outcomes and
ambient PM,,, the size of this effect is small,
representing between 10% and 77% incre-
ments in risk on days when PM,, exceeds
70 ug/m>®. Translating our findings back to
find the potential reduction in hospital admis-
sions and deaths if excursions above various
thresholds could be prevented shows a limited
impact on these health outcomes. If we could
prevent PM,, exceeding 70 ug/m> (the 1987
World Health Organisation air quality guide-
line for thoracic particulates?”), this would
result in < 1% reduction in all health out-
comes that we studied, although the potential
impacts of reducing PM,, to < 60 ug/m?* and
< 50 ug/m? are greater.

However, there are difficulties in using
health effect information such as this in find-
ing where air quality guidelines should be set,
particularly when the relation between expo-
sure and outcome does not show a threshold
of effect. For ozone, a threshold of effect can
be agreed on which eases the task of recom-
mending a standard. For particles the problem
is more difficult as the relation is that of a dose
response curve with no obvious threshold.
Intuitively, there must be a threshold of effect,
but is it likely that such a threshold will vary
between people in a population according to
personal exposure and susceptibility—such as
those with more severe asthma. Neither of
these two factors have been taken into account
by our study or any other study of this type.
What effect these factors would have in affect-
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ing estimations of the overall effect of PM,, on
health needs to be considered. However,
whatever the contributory factors might be,
the dose response relation for the population
will be the sum of the individual dose response
curves. If an air quality standard is based on
health effects and on potential health savings
at certain thresholds, then it is inevitable that a
degree of morbidity will have to be accepted
whatever the standard selected. Indeed, the
degree of morbidity will vary from urban to
rural areas and between cities because of dif-
ferences in air quality and meteorological con-
ditions. For example, estimates based on the
Birmingham data may not apply to Belfast,
where burning fossil fuels remains a major
source of air pollution.

It should be noted that our estimates of
health impact are conservative, and based on
the assumption that the only impact of control
measures is to reduce PM,, to just below the
chosen threshold on days when it would other-
wise have exceeded that threshold. In reality,
such control measures are likely to reduce the
number of days on which lower thresholds are
exceeded, as well as reducing mean PM,,, so
producing greater health benefits. Also, the
estimates are specific to Birmingham, where
values in excess of 70 pg/m’ occur only rarely
in comparison with some other parts of the
United Kingdom. Nevertheless, the estimate
of health effect from this study contradicts the
popular view that air pollution is to blame for
most respiratory disease. There is a significant
association between PM,, and acute health
effects in the United Kingdom, but at ambient
United Kingdom concentrations, this effect is
small, and accounts for few of the deaths from
and hospital admissions for acute respiratory
and circulatory causes.

Conclusion

Ambient outdoor concentrations of PM,, in
the United Kingdom show significant associa-
tions with several indicators of acute health
effects. These associations are similar to and
consistent with other studies. However, the
size of public health effect is relatively small,
values < 70 ug/m’ accounting for under 1% of
all deaths or hospital admissions for respira-
tory diseases over a two vear period.

This study was funded by the Department of the Environment,
project number EPG 1/3/42. We thank Mrs Andrea Thomas at
the West Midlands Regional Health Authority for assistance in
obtaining the health outcomes data.
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