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Lung cancer and urban air-pollution in Dublin: a temporal association?
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Abstract
In 1990, the sale, marketing and distribution of bituminous coal, primarily used for domestic heating, were banned across Dublin. This study exploits 
the potential of a ‘natural experiment’ to assess a temporal association between adjusted annual lung cancer death rates and the changing annual 
mean urban air-pollution concentrations in Dublin from 1981 to 2000. Annual mean ‘black smoke’ (BS) concentration was used as an indicator 
variable for the urban air-pollution mixture. Log-linear Poisson regression model (with an offset) was used to estimate adjusted rate ratios of lung 
cancer death rates between two periods (1981-1990 and 1991-2000) relative to the year 1990. A significant (p<0.0001) two-third decline in BS 
concentration (28.2 µg/m3) was seen between the two periods [pre-ban (46.4 µg/m3) vs. post-ban (18.2 µg/m3)].  Relative to 1990 (rate ratio=1), a 
slightly greater decline (2%) in death rates was achieved in the pre-ban period (1981-1990) when mean annual BS concentrations were very high, 
but a lower decline (1%) was seen in the post-ban period (1991-2000) corresponding to very low mean annual BS concentrations. In other words, 
a further fall in adjusted rates in lung cancer was achievable both in the pre-ban and the post-ban periods when simultaneously controlling for BS 
and smoking. A temporal association thus observed between lung cancer death rates and the changing BS concentrations suggests that control of 
particulate air-pollution could further reduce lung cancer rates, irrespective of smoking patterns. 

Introduction
Dublin, experienced ‘smog’ episodes in the 1970s and the 1980s, with 
associated excess case fatality rates in hospital admissions.1,2 The sale, 
marketing and distribution of bituminous coal, primarily used for domestic 
heating, was banned in Dublin in 1990. A recent study in Dublin also 
indicated a substantial decline in all-cause deaths, respiratory deaths in 
particular, following the introduction of the Coal Ban in 1990.3 

Long-term follow-up studies in the US 4, 5 and Europe 6, 7 showed a 
consistent association between lung cancer and air pollution. The strength 
of such associations is not substantial,4-7 because of the overwhelming 
association between lung cancer and active smoking (almost 90%). 8 
However, biological explanations have been provided showing a dose-
response relation.4-7 These studies employed different air pollutants, as 
indicator variables for urban air-pollution mixture, depending on the quality 
and availability of such data. Total suspended particulates in particular are 
shown to be consistently associated with lung cancer. The present study 
used ‘black smoke’ levels as the indicator variable for urban air-pollution 
mixture, in line with a recent air-pollution study.3

For judging a cause-effect relationship, temporality and cessation of an 
exposure through a public-health intervention, are two other important 
criteria. 9  This study exploits the potential of a ‘natural experiment,’ 
because of a public-health intervention in 1990, and thus examines 
whether a temporal association exists between population-standardised 
annual lung cancer death rates and the changing annual mean black 
smoke concentrations in Dublin from 1981 to 2000.

Methods
Sources of data:
Lung cancer incidence data for Dublin were available only from 1994 
onwards. 10 Hence, this study used lung cancer mortality data (International 
Classification of Diseases-9: 162) from the national Central Statistics 
Office for the periods 1981-2000. 
Mean annual ‘black smoke’ (BS) concentrations available from 1973 
onwards for six fixed air pollution monitoring stations across Dublin 
Borough were obtained from the Dublin Municipal Corporation and the 
Environmental Protection Agency. The quality and completeness of 
such data were independently assessed, and such data were used in a 
recent air-pollution study in Dublin. 3 The air-quality data are also broadly 
representative of Dublin city-level exposures to the study population.
The only smoking prevalence data available for the Irish population were 
at the national level. 11 Therefore, the national-level annual smoking 
prevalence data for each age-group and sex was applied to Dublin 
populations. Importantly, the quality of such smoking history data has been 
reviewed recently.12 

Statistical analysis:
Log-linear Poisson regression modelling (with an offset) was employed 
to estimate rate ratios of the population-standardised annual lung cancer 
death rates, using the GENMOD procedure in SAS (version 8.0). A basic 
model using age, sex, and the calendar year of lung cancer death was 
developed first. Next, the annual mean BS concentrations, with a one-year 
lag period, were included into the basic model. A one-year lag-period was 
used, because of the following reasons: 

•	 Analyses (with different lag-periods) suggested that a one-
year lag period between the population-standardised annual 
lung cancer death rates (adjusted for age and sex) and the 
mean annual BS concentrations was the best fit model using 
deviance, as the measure of goodness-of-fit.

•	 Secondly, when air pollution exerts carcinogenic effect at a 
‘late’ stage of the multi-stage process, more recent exposures 
are important determinants of risk. 13 

•	 Thirdly, lung cancer deaths could also be brought forward 
when associated with increased urban air pollutants, because 
disorders other than lung cancer could be associated with 
lung cancer patients, who are also otherwise elderly and 
immunologically compromised. This phenomenon is termed 
‘harvesting’ in air-pollution epidemiological studies. 14 

•	 Finally, evidence suggests a decline in lung cancer mortality 
rates within a short period. For example, the reduced lung 
cancer mortality rates in Britain in the mid-1950s were in part 
due to the implementation of the 1956 Clean Air Act. 15 

In addition to age, sex, mean annual BS concentrations, and the calendar 
year of lung cancer deaths, the final log-linear Poisson model included 
the annual age-sex-specific smoking prevalence. In other words, the 
adjusted rate ratios of lung cancer death rates in this final model were 
simultaneously controlled for smoking and BS concentrations. An 
interaction term (BS and smoking prevalence) was included in all the 
models except for the basic model. All these models were multiplicative 
risk models. Statistical significance at p<0.05 was assumed. The adjusted 
rate ratios of lung cancer death rates were relative to 1990 (rate ratio=1), 
the year when the coal ban was introduced in Dublin. 

Results
In total, 3,559 (2,372 males, 1,187 females) and 3,353 (2,060 males, 
1,293 females) lung cancer deaths were reported in the pre-ban (1981-
1990) and the post-ban (1991-2000) periods in Dublin, respectively. 
The annual mean distributions of BS concentrations in pre-ban period 
vs. post-ban period, with inter-quartile ranges are shown in figure I. The 
findings suggest a significant (p<0.0001) two-third decline in annual BS 
concentrations (28.2 µg/m3) between the two periods [pre-ban (46.4 
µg/m3) vs. post-ban (18.2 µg/m3)]. The distribution of smoking prevalence 
and the per-capita cigarette consumption in Ireland are shown in figures II 
and III, respectively. Figure II shows a significant 4% absolute difference in 
mean annual smoking prevalence between pre-ban (33%) and the post-
ban (29%) periods (p=0.002). Compared to 1970 (=100) in figure III, a 
14% increase in annual per-capita cigarette consumption was reported 
in 1980 (114), since then the rates have fallen (99 in 1990 and 93 in 
2000).

Table I shows a relatively high lung cancer death rate (rate ratio>1) in the 
pre-ban period in the basic model, and also when BS concentrations were 
accounted for. Not surprisingly, when both BS and smoking prevalence 
were included into the basic model, the adjusted rates were lower in the 
pre-ban period (rate ratio<1). In the post-ban period, 3%, 2% and 1% fall 
in adjusted rates were seen relative to the year 1990 (RR=1) when no 
adjustment (basic model), BS concentrations alone, and then both BS and 
smoking were accounted for, respectively (table I). Such patterns suggest 
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that even when mean annual BS concentrations are very low as seen in 
the post-ban period, irrespective of smoking adjustment, further reductions 
in lung cancer death rates are also achievable. Relative to 1990, the basic 
model also indicates that adjusted rates were 6% higher in the pre-ban 
period that reduced to 1% when BS concentrations alone were accounted 
for (table I). So, an overall 5% decline in lung cancer death rates are 
achievable when mean annual BS concentrations are very high as seen in 
the pre-ban period. 

Didcussion
We showed a temporal association between adjusted lung cancer death 
rates and the changing mean annual BS concentrations in Dublin from 
1981 to 2000, irrespective of the smoking patterns. Assuming a cause-
effect relationship, a further 5% decline in lung cancer death rates is 
achievable when mean annual BS concentrations are very high. This 
reduces to 2% decline in lung cancer rates when smoking prevalence 
is also accounted for. However, such conservative estimates are in 
agreement with previous studies.5, 6, 16-18

 We also demonstrated that the 1990 Coal Ban led to a significant two-
third reduction in BS concentrations (28.2 µg/m3). Taken together, this 
study indicated that the control of particulate air-pollution could further 
reduce lung cancer death rates in major urban cities, consistent with the 
British Clean Air Act in the mid-1950s.15

The poor lung cancer survival, 10 with no significant diagnostic or changing 
pathologic classifications, is unlikely to influence the observed trend. The 
overwhelming association between lung cancer risk and active smoking 
(more than 90%) makes it methodologically difficult to disentangle any 
small effects due to other competing risk factors. 8 The Utah steel mill 

study in the non-smoking Mormons indicated a 7-10% excess lung cancer 
death rates when a difference of 30 to 50 µg/m3 between the exposure 
levels occurred, 19 consistent with the changing exposure levels in our 
study. Almost 1% of lung cancers can also develop when exposed to very 
low air pollution levels. 17 Such low levels closely correspond to the post-
ban BS concentrations in Dublin (18.2 µg/m3). 

The Six Cities Study reported a difference in air-pollution levels from 
18.2 to 46.5 µg/m3 between the least polluted and the most polluted 
cities, 4 corresponding to the mean annual BS concentrations between 
our two study periods. The same study4 indicated 14 to 20% increase 
in lung cancer mortality for every 10 µg/m3 increase. However, a recent 
prospective study, with a longer follow-up showed a lower estimate of 
8%.5 Both these studies used fine particles as indicator variables, and if a 
correction factor of 0.6 (as done in a recent study20) for BS levels is applied 
to our observed estimate of 5%, the final estimate is also comparable. 
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Figure I.	 Box-and-whisker plot of annual mean Black Smoke (BS) 	
	 Levels in Dublin between two study periods (pre and post- 
	 ban periods), 1981-2000.
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Figure II. 	 Error bar (with 95% confidence interval) showing mean 	
	 annual smoking prevalence in Ireland between two study 	
	 periods (pre and post-ban periods).

Figure III. 	 Annual per-capita cigarette consumption in Ireland, three 	
	 year moving average, 1970=100

Source: http://www.cancer.org/downloads/TOB/Ireland.pdf (accessed 
10th February 2006).

  Table I.  Adjusted Rate Ratios of Population-Standardised Lung 
	 Cancer Death Rates in Dublin across three Log-Linear 
	 Poisson Models between two periods (1981-1990 and 
	 1991-2000)

	 Basic Model	 Basic Model  	 Basic Model 		
	 (Adjusted for age 	 +Black Smoke (BS) 	 +BS+ Smoking
	 and gender)
						    
	 RR (95% CI) *	 RR (95% CI)	 RR (95% CI)	

		
 1981-1990	 1.06 (0.93, 1.22)	 1.01 (0.86, 1.18)	 0.98 (0.83, 1.15)

 1990	 Reference (RR=1)  Reference (RR=1)	 Reference (RR=1)

 1991-2000	 0.97 (0.85, 1.11)	 0.98 (0.86, 1.12)	 0.99 (0.87, 1.13)

 Whole model:	 p=0.01	 p=0.01	 p=0.01

 Deviance:	 1.40	 1.36	 1.35

*RR=Rate Ratio; CI=Confidence Interval
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The individual estimates reached borderline significance, but our overall 
model estimates reached statistical significance (p=0.01), and fitted 
well. The observed estimates showed a consistent gradient, and also 
closely corresponded to previous estimates.5, 6, 16-18 Our models did not 
include several pollutants, because of lack of data on other pollutants. 
An auto-correlation between the pollutants is a common methodological 
issue.21 However, the main source of black smoke emissions in Dublin 
in the 1980s was bituminous coal burning, which accounted for 76% of 
total smoke emissions in Dublin in the 1980s.1 Although the cause-effect 
relationship is unclear, evidence suggests that BS can be an indicator 
variable for urban air-pollution mixture.21 Exposure ascertainment bias 
is also an inherent methodological issue, consistent with this type of 
ecologic analysis.22 A multiplicative interactive effect between unknown 
and/or unmeasured risk factors for lung cancer is a possibility.23 However, 
between-city heterogeneity in exposure assessment was greatly minimised 
in this study design for restricting our analyses only to those populations 
who were at risk (males and females combined) in a single geographically 
defined population, namely Dublin.

In conclusion, this study showed an increased lung cancer death rate in 
pre-ban period relative to the post-ban period, suggesting that control 
of particulate air-pollution could further reduce lung cancer rates. Better 
epidemiological study designs using a ‘control’ area could however 
establish an underlying cause-effect relationship. For such study designs, 
historical comprehensive area-specific air-pollutant data are also 
necessary. Nonetheless, this study shows a temporal association between 
changing black smoke concentrations and lung cancer death rates, as well 
as confirms the potential utility of a successful public-health intervention.
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