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Abstract

Background: In the UK air quality has been monitored systematically since 1914, providing
valuable data for studies of the long-term trends in air pollution and potentially for studies of health
effects of air pollutants. There are, however, challenges in interpreting these data due to changes
over time in the number and location of monitored sites, and in monitoring techniques. Particulate
matter was measured as deposited matter (DM) using deposit gauge monitors until the 1950s
when black smoke (BS) filters were introduced. Estimating long-term exposure to particulates
using data from both deposit gauge and BS monitors requires an understanding of the

relationships between DM, SO, and BS.

Aims: To explore whether DM and/or SO,, along with seasonal and location specific variables can
be used to predict BS levels.

Methods: Air quality data were abstracted from hard copies of the monthly Atmospheric Pollution
Bulletins for the period April 1956 - March 1961 for any sites with co-located DM, SO, and BS data
for three or more consecutive years. The relationships between DM, SO,, and BS were assessed

using mixed models.

Results: There were 34 eligible sites giving 1521 triplets of data. There was a consistent
correlation between SO, and BS at all sites, but the association between DM and BS was less
clear and varied by location. Mixed modelling allowing for repeat measurements at each site
revealed that SO,, year, rainfall and season of measurement explained 72% of the variability in BS

levels.

Conclusions: SO, can be used as a surrogate measure for BS in all monitoring locations. This
surrogate can be improved upon by consideration of site specific characteristics, seasonal effects,
rainfall and year of measurement. These findings will help in estimating historic, long-term

exposure to particulates where BS or other measures are not available.

Keywords

Black smoke, Sulphur dioxide, deposit gauge, air pollution, exposure assessment



65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
08
99

100

101

102

Introduction

Adverse health effects associated with exposure to air pollution are well documented. Short term
increases in mortality and morbidity from respiratory and cardiovascular diseases have been
consistently observed following air pollution episodes and in time series studies (Anderson et al.
2005; COMEAP 2006; Le Tertre et al. 2002). Furthermore, prospective studies have shown that
prolonged exposure to air pollutants can lead to a reduction in life expectancy (Laden et al. 2006;
Pope et al. 2002; Pope and Dockery 2006).

Studies of long term health effects as a result of cumulative exposure require good estimates of
long-term personal exposure. As personal monitoring data cannot be collected retrospectively,
such long term exposure estimates have to use data from nearby air pollution monitors as a
starting point. When these air monitoring data are combined with residential histories and pollution

source information, cumulative long-term exposures can be modelled and estimated for individuals.

In the UK, air quality has been monitored and reported systematically since 1914 (Department of
Scientific and Industrial Research 1946), and as a result there is a potentially rich source of data
available for studies of the long-term health effects of air pollutants. Data from the early air quality
monitoring in the UK are also potentially valuable as levels experienced during that time in the UK
are currently prevalent in many mega cities of developing countries (Bell et al. 2006; Bi et al. 2007;
Braga et al. 2005; Karar et al. 2006; Wang et al. 1997). Although this wealth of historical air quality
data is available there are difficulties in interpreting these data due to changes in monitoring
techniques over time. Moreover, since the inception of the national monitoring network, the
number of monitored locations has increased and the locations of monitoring stations have

changed over time.

Up until the 1950s particulate matter was measured using deposit gauge (DG) monitors. This
measurement involved exposing a standard deposit gauge for a period of one month before the
solid (insoluble) and liquid (soluble) fractions were examined. These soluble and insoluble
particles, when combined, gave a measure of ‘deposited matter’ (DM) expressed as tons of deposit
per square mile (Department of Scientific and Industrial Research 1955). Over this period SO,
levels were measured using the ‘lead peroxide’ method. For this measurement, a small cylinder,
or ‘candle’, coated with lead peroxide was exposed to the air for one month. The lead peroxide
oxidised ambient sulphur dioxide to sulphate, and the milligrams of sulphur trioxide per day per
100cm? of standard lead peroxide provided a comparative measure of SO, (SO,(LP)) (Department
of Scientific and Industrial Research 1955). The 1950s saw a radical change in the measurement
of particulate matter, from DG monitors to black smoke (BS) filters. In this method, a known
volume of air was drawn through a standard intake and through a white filter paper. The amount of

smoke collected was estimated using the reflectance of particles (mainly elemental carbon)
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trapped on the filter which could be converted into a measure of mass concentration expressed as
milligrams of smoke per 100m® (Department of Scientific and Industrial Research 1955). A
volumetric method was also utilised to measure acid-producing gases (excluding carbon dioxide) in
the air, calculated and reported as SO, (net-acidity). In this method, a measured volume of air was
passed through a solution of hydrogen peroxide over a period of 24 hours. The amount of acid
collected was assessed via titration with alkali to provide a measure of sulphur dioxide expressed
in milligrams per 100m* (Department of Scientific and Industrial Research 1955). By the late
1960s, many DG monitors were replaced by BS filters and whilst BS and SO, are still measured in
the UK today by a network of 156 monitors (Loader et al. 2004), the use of DG monitors is now
largely confined to the measurement of nuisance dust on an ad hoc basis. If estimates of long-
term exposure to particulates rely on data from both DG and BS monitors, the association between

the DM, SO, and BS measures requires exploration.

As part of an epidemiological study looking at air pollution and childhood respiratory infections in a
cohort of 1142 babies born in Newcastle upon Tyne in 1947 we needed to model long term air
pollution exposure at a high temporal resolution over the period 1947-1962. This period
encompasses the change-over from DG to BS monitoring techniques for particulates, and from
lead peroxide to net acidity testing for SO,. Obviously any exposure model needs to take these
changes into account. Ideally, we wanted to be able to satisfactorily predict BS levels at sites
where this pollutant was not measured, and to be able to back-date BS levels for the late 1940s
and throughout the 1950s when these data were not routinely collected.

In the present study we explored the relationships between DM, SO, and BS to ascertain whether
DM and/or SO,, along with other seasonal and location specific variables may be used to predict
BS levels. To achieve this aim, data from co-located DG, BS and SO, monitors from across the

UK over the period 1956-1961 were evaluated.

Methods

UK Air quality data were obtained from monthly Atmospheric Pollution Bulletins available as paper
records for the period April 1956 - March 1961. These years were chosen as it was during this
time that DG monitors were being replaced by BS filters and as a result monitors of DG, SO, and
BS were most frequently co-located during this period; by 1961 BS and SO, (net-acidity) were

routinely monitored on a national scale (UK Air Quality Archive a).

All sites with co-located DG monitors (for soluble/insoluble particles), SO, monitors (lead peroxide
method) and BS monitors were identified. SO, levels measured by the lead peroxide (LP) rather
than the net acidity method were of particular interest because the LP data is available for the
period preceding the BS data. Monthly averages of SO, (LP) and BS, and monthly totals of
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soluble/insoluble particles and rainfall levels were abstracted from sites where data was available
for three or more consecutive years. Due to months with missing data for one or more of these
parameters, the number of triplets of data available for analysis is less that the total number of
months during which the co-located monitors were active. Parameters quoted as monthly totals
(rainfall, insoluble/soluble particles) were computed as daily averages to enable comparison with
the BS measure (presented as a monthly average based on the mean of daily average figures).
The level of DM was calculated as the sum of insoluble and soluble particles.

The precise geographical locations of monitored sites were obtained from the UK National Air
Quiality Archive (AQA) (UK Air Quality Archive b). Monitor locations were classified into 15
categories (assigned by AQA) which characterised each site according to proximity to residential,
industrial, urban and rural areas (Table 1). In addition, sites were classified as to whether or not
they fell within a local authority ‘smoke control zone’. Such control zones were established under
the Clean Air Act 1956 to help the UK to meet air quality standards for SO, and particulates set by
European law, and to avoid ‘killer episodes’ such as those experienced in London in the 1950s
(Brimblecombe 1987a). Within these zones it is an offence to cause smoke to be emitted from a

chimney of a building (UK Parliament 1956).

The relationships between DM, SO,, and BS, with BS as the dependent variable, were assessed
using mixed models to take into account the repeated observations made at each monitor site.
The influences of other variables, namely year, season, rainfall, location in smoke control zone,

and classification of monitor location were assessed for main and interactive effects.

To assess the validity of predicted BS levels at independent monitoring locations, BS, SO, and DM
levels were abstracted for the period April 1956 - March 1961 for an additional 30 sites with less
than three years of continuous data (511 triplets of data). To assess the validity of predicted BS
levels for the period prior to April 1956, co-located data, where available, were abstracted for the
original monitoring sites from April 1954 - March 1956 (354 triplets of data).

All statistical analyses were performed using the statistical software package SPSS 15.0 (SPSS

Inc., Chicago).

Results

There were 34 co-located sites with data for three or more consecutive years. A total of 1521
triplets of co-located data were obtained. The sites were distributed throughout 11 English
counties and 2 Scottish regions (based on 1991 boundaries), spanning an area of 520km (North-
South) by 285km (East-West), see Figure 1.
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There was a wide variation in the measured levels of DM, BS and SO, within and between sites as
shown in figures 2 a, b and c. Seasonal variation was more pronounced in the levels of BS and
SO, than DM, with the highest levels being recorded during the winter months (figures 2 d, e and
f). The mean BS concentration over this period was 179ug/m?® (range 10-1480ug/m®), which is
considerably higher than levels measured today (e.g. for 2007, mean BS levels from the 13
monitors in the UK were 9.9ug/m? (range 0-111ug/m®) (UK Air Quality Archive c)).

Sites located in a smoke control zone had significantly higher levels of DM and SO, than sites not
located in these zones (mean DM 0.55 versus 0.47 tons/sg mile/day, p<0.01; mean SO, 2.1 versus

1.7 mg/100 cm?/day, p=<0.01). However, this difference was not observed in levels of BS.

The AEA classifications of monitor location were associated with differing levels of pollution, with
rural and medium-density residential areas having lower levels of all three pollutants than high-
density residential, commercial and industrial areas, although variability was lost if the sub-
categories were crudely pooled into these groupings. As a result, dummy variables were created
for each subcategory for inclusion in the linear regression, with the ‘unclassified sites, or mixed

area’ classification acting as the reference category.

Pearson correlation coefficients were used to explore the associations between levels of DM, SO,
and BS. Using pooled data from all sites there was a significant positive correlation between DM
and BS (Pearson correlation coefficient 0.29, p<0.01), and between SO, and BS (Pearson
correlation coefficient 0.59, p=<0.01). When sites were assessed individually the correlation
between SO, and BS persisted for each site (range of Pearson correlation coefficients 0.3-0.9, p
values <0.05). The correlations between DM and BS varied between sites; at 12 out of the 34
sites a significant positive correlation was seen, at two sites a significant negative correlation was
observed, and at the remaining sites non-significant positive correlations (11 sites) or negative
correlations (nine sites) were observed (Figure 3). There was no obvious explanation for these
different DM/BS correlations in terms of presence within a smoke control zone, AQA monitor

location category, or sites with very high or low levels of pollution.

Mixed modelling revealed that SO,, year, rainfall and season of measurement explained 72% of
the variability in BS levels; there was a significant association between SO, and BS after
adjustment for year, rainfall and season (B=56.84; 95% ClI, 49.69-63.99) (Table 2). There was also
a significant interactive effect between SO, and year, and SO, and season, although these
additional parameters only explained an additional 1% of the variability in BS levels. Inclusion of
the classification of monitor locations or location within a smoke control zone did not explain any

additional variability in BS levels.
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The validity of using the above variables to predict BS levels was assessed using additional co-
located data abstracted from the Atmospheric Pollution Bulletins over the period April 1954 - March
1961. When SO,, year, rainfall and season of measurement were used as predictors of BS levels,
the correlation between the measured and predicted BS was 0.59 (p<0.01) and 0.57 (p<0.01) for
the independent monitoring locations and earlier time period respectively, with these parameters
explaining 35% and 33% of the variability in BS levels. The predicted BS levels tended to
underestimate the measured BS levels, especially where higher concentrations were recorded
(figure 4).

Discussion

The relationships between DM, SO,, and BS in co-located sites have not been reported before. In
this paper we assessed the relationships between these pollutants to ascertain whether DM and/or
SO, may be used as a predictor of BS. We have shown that SO, is a better predictor of BS levels
than DM, and that a simple model incorporating SO, year, rainfall and season of measurement
can be used to predict BS levels at all monitoring locations and years. The relationships we have
observed between BS, SO, and DM will enable us to reconstruct historic air pollution exposure at a
high temporal resolution for a birth cohort established in 1947 and still ongoing (Lamont et al.
1998). This opens up the possibility of assessing the impact of early life and life-course exposures
on health in infancy and later life in this and other historic UK cohorts, and as BS is still routinely
monitored in the UK and elsewhere, findings will be able to be compared with more recently
established cohorts. There are however several limitations to this study that need to be

considered.

Although BS was correlated with SO, at all sites, just over two thirds of the variability in BS could
be explained by SO, and the other variables in the model, suggesting that one or more influential
parameters exist that we were not able to be take into account. The explanatory power of our
relatively straightforward model (Pearson correlation co-efficient = 0.85, p<0.01, R? = 0.72), which
utilises readily available data to fill gaps in the data series, is similar to other air pollution models.
For example Abbey, 1995, extended an air pollution time series for California, USA, using total
suspended particle data to estimate levels of PM10 from 1973 to 1987. The correlation between
estimated PM10 and monitored PM10 was 0.93, with an R? of 0.86 (Abbey et al. 1995). Filleul,
2002, also extended a pollution time series using data from independent monitoring sites to predict
monthly BS levels in Bordeaux, France. BS levels were estimated up to 1997, with correlation co-
efficients between the measured and the predicted BS levels ranging from 0.43 to 0.88 at four sites
(Filleul et al. 2002). Land-use regression models have also been used to characterize air pollution

exposure, using variables such as road type, traffic count, elevation, and land cover rather than co-



254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291

located air pollution data. A recent review indicted that such models produce R? values of between
0.54 to 0.81 (Ryan and LeMasters 2007).

The usefulness of our model to predict BS levels outside of the period April 1954 — March 1961 is
untested. As the model underestimates BS where higher levels of this pollutant are observed, the
validity of the predicted BS levels are likely to be compromised at sites and/or times where BS
levels are known to have been high. We acknowledge that the composition and quantity of
particulate pollution has changed over time (as discussed below), and therefore advise caution in
applying this model to years much beyond this period.

There were some monitoring sites where the observed DM and BS levels were negatively
correlated, against expectation. We were unable to satisfactorily explain this finding in terms of
known monitor characteristics, but it is likely that deposits from DG monitors often reflected
material of a very local origin, and as such these monitors did not necessarily represent pollution
over a wider area (Brimblecombe 1987b). Whether there were pertinent local conditions or
pollution sources at these sites that may have led to high or low DM levels without a corresponding

decrease or increase in BS levels is not known.

When BS measurement methods were introduced in the UK in the 1950s and 1960s, suspended
particulate matter in the atmosphere was dominated by carbonaceous combustion products from
domestic and industrial coal burning. Since then, fuel types and pollution sources have changed
over time, affecting the size distribution, composition and toxicity of particulates (Anderson et al.
2001; Brunekreef and Holgate 2002). The formulae used to transform BS reflectance to mass
concentrations were established based on a different composition of the air pollution mix, and as
such BS figures could only really be interpreted as an indication of elemental carbon, not as mass
concentrations (Roemer and van Wijnen 2001). As a result the reflectance method used for
measuring BS has been superseded by gravimetric techniques that allow different size fractions of
particulates to be assessed (Gotschi et al. 2002). The emphasis in monitoring has moved
progressively from SO, and BS to pollutants such as ozone, nitrogen dioxide and particulate matter
(PM) (UK Air Quality Archive a). Although measurements techniques have progressed, BS is likely
to provide an appropriate proxy of particulate matter. The size of particles sampled by a black
smoke filter has been reported to be below 5pum (Chow 1995) or 4.4um (McFarland et al. 1982),
and as such BS is likely to represent an important active component of both PM10 and PM2.5
(Anderson et al. 2001; Gotschi et al. 2002; Le Tertre et al. 2002) and may provide a better estimate

of particles generated by traffic than PM (Roemer and van Wijnen 2001).

We have shown that it is possible to model long term exposure to BS using data on SO, levels,

rainfall, year and season, but any resultant exposure measure will only be of use if BS is itself an

8



292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316

317
318

319

320

321
322

323

324

325

326

exposure of interest, or at least a good proxy of an exposure of concern. Recent evidence does
suggest a correlation between BS and various adverse health outcomes (for example Brunekreef
et al. 1997; Le Tertre et al. 2002; Schwartz et al. 2001; Timonen et al. 2002; van Vliet et al. 1997;
Verhoeff et al. 1996).

Current evidence suggests that BS can provide a useful measure of ambient elemental carbon and
of traffic related particulates in the UK, and in terms of health effects is likely to be an acceptable
proxy for relevant particulate exposure. Although gravimetric techniques are now favoured for the
determination of particulate levels, BS data remains a useful measure of particulate pollution for
several reasons. Firstly, in the UK, BS data are available for a much longer period of time (over 30
years), and at more locations than other particulate measures (Solomon et al. 2003). Secondly,
where health effects are primarily attributable to traffic exhaust, BS, which is dominated by diesel
particles, may be a better proxy for particulate exposure than PM10 (Le Tertre et al. 2002).

Thirdly, although gravimetric methods can separate out size fractions of PM they do not provide
information on particle characteristics such as elementary composition, primary or secondary
formation and emission sources; the importance of these characteristics in determining health

effects is critical in formulating regulations that will best prevent ill health (Gotschi et al. 2002).

We have shown a clear relationship between SO, and BS, but the association between DM and
BS is more complicated. We suggest that SO, may be used as a surrogate measure for BS in all
monitoring locations, and that this surrogate can be improved upon by consideration of site specific
characteristics, seasonal effects, rainfall and year. The findings from this study will help in
estimating long-term exposure to particulates where BS or other measures of particulates are not

available.

Acknowledgements

We are grateful to Nick Clement and Jane Tilbrook for abstracting the data from the hard copies of

the monthly Atmospheric Pollution Bulletins.

References
Abbey DE, Hwang BL, Burchette RJ, Vancuren T, Mills PK. 1995. Estimated long-term ambient

concentrations of PM10 and development of respiratory symptoms in a nonsmoking population.

Archives of Environmental Health 50(2): 139-152.

Anderson HR, Bremner SA, Atkinson RW, Harrison RM, Walters S. 2001. Particulate matter and
daily mortality and hospital admissions in the west midlands conurbation of the United Kingdom:

9



327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

associations with fine and coarse particles, black smoke and sulphate. Occupational &

Environmental Medicine 58(8): 504-510.

Anderson HR, Atkinson RW, Peacock JL, Sweeting MJ, Marston L. 2005. Ambient particulate
matter and health effects: publication bias in studies of short-term associations. Epidemiology

16(2): 155-163.

Bell ML, Davis DL, Gouveia N, Borja-Aburto VH, Cifuentes LA. 2006. The avoidable health effects
of air pollution in three Latin American cities: Santiago, Sao Paulo, and Mexico City. Environmental

Research 100(3): 431-440.

Bi X, Feng Y, Wu J, Wang Y, Zhu T. 2007. Source apportionment of PM10 in six cities of northern

China. Atmospheric Environment 41: 903-912.

Braga CF, Teixeira EC, Meira L, Wiegand F, Yoneama ML, Dias JF. 2005. Elemental composition
of PM10 and PM2.5 in urban environment in South Brazil. Atmospheric Environment 39(10): 1801-

1815.

Brimblecombe P. 1987a. The Great Smog and after. In: The Big Smoke: a history of air pollution in

London since medieval times. London Methuen, 161-178.

Brimblecombe P. 1987b. Monitoring the changes in atmospheric composition. In: The Big Smoke:

a history of air pollution in London since medieval times. London Methuen, 136-160.

Brunekreef B, Janssen NA, de Hartog J, Harssema H, Knape M, van Vliet P. 1997. Air pollution

from truck traffic and lung function in children living near motorways. Epidemiology 8(3): 298-303.
Brunekreef B, Holgate ST. 2002. Air pollution and health. Lancet 360(9341): 1233-1242.

Chow JC. 1995. Measurement methods to determine compliance with ambient air quality
standards for suspended particles. Journal of the Air & Waste Management Association 45(5):

320-382.

COMEAP. 2006. Cardiovascular Disease and Air Pollution A report by the Committee on the

Medical Effects of Air Pollutants.

10



352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

Department of Scientific and Industrial Research. 1946. Measurement of Atmospheric Pollution.

Atmospheric Pollution Bulletin 14(2).

Department of Scientific and Industrial Research. 1955. The investigation of atmospheric pollution;

a report on observations in the 10 years ended 31st March, 1954.

Filleul L, Baldi I, Quenel P, Brochard P, Tessier JF. 2002. Long-term air pollution indicator
assessment: example of black smoke in Bordeaux, France. Journal of Exposure Analysis and

Environmental Epidemiology 12(3): 226-231.

Gotschi T, Oglesby L, Mathys P, Monn C, Manalis N, Koistinen K, et al. 2002. Comparison of black
smoke and PM2.5 levels in indoor and outdoor environments of four European cities.

Environmental Science & Technology 36(6): 1191-1197.

Karar K, Gupta AK, Kumar A, Biswas AK. 2006. Seasonal variations of PM10 and TSP in
residential and industrial sites in an urban area of Kolkata, India. Environmental Monitoring &

Assessment 118(1-3): 369-381.

Laden F, Schwartz J, Speizer FE, Dockery DW. 2006. Reduction in fine particulate air pollution and
mortality: Extended follow-up of the Harvard Six Cities study. American Journal of Respiratory &

Critical Care Medicine 173(6): 667-672.

Lamont DW, Parker L, Cohen MA, White M, Bennett SM, Unwin NC, et al. 1998. Early life and later
determinants of adult disease: a 50 year follow-up study of the Newcastle Thousand Families

cohort. Public Health 112(2): 85-93.

Le Tertre A, Medina S, Samoli E, Forsberg B, Michelozzi P, Boumghar A, et al. 2002. Short-term
effects of particulate air pollution on cardiovascular diseases in eight European cities. Journal of

Epidemiology & Community Health 56(10): 773-779.

Loader A, Mooney D, Coghlan M. 2004. UK Smoke and Sulphur Dioxide Network 2002: Netcen.

McFarland AR, Ortiz CA, Rodes CE. 1982. Wind tunnel evaluation of the British Smoke shade

sampler. Atmospheric Environment 16(2): 325-328.

11



377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

Pope CA, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K, et al. 2002. Lung cancer,
cardiopulmonary mortality, and long-term exposure to fine particulate air pollution. Journal of the

American Medical Association 287(9): 1132-1141.

Pope CA, Dockery DW. 2006. Health effects of fine particulate air pollution: lines that connect.

Journal of the Air & Waste Management Association 56(6): 709-742.

Roemer WH, van Wijnen JH. 2001. Differences among black smoke, PM(10), and PM(1.0) levels

at Urban Measurement Sites. Environmental Health Perspectives 109(2): 151-154.

Ryan PH, LeMasters GK. 2007. A review of land-use regression models for characterizing

intraurban air pollution exposure. Inhalation Toxicology 19 Suppl 1: 127-133.

Schwartz J, Ballester F, Saez M, Perez-Hoyos S, Bellido J, Cambra K, et al. 2001. The
concentration-response relation between air pollution and daily deaths. Environmental Health

Perspectives 109(10): 1001-1006.

Solomon C, Poole J, Jarup L, Palmer K, Coggon D. 2003. Cardio-respiratory morbidity and long-
term exposure to particulate air pollution. International Journal of Environmental Health Research

13(4): 327-335.

Timonen KL, Pekkanen J, Tiittanen P, Salonen RO. 2002. Effects of air pollution on changes in
lung function induced by exercise in children with chronic respiratory symptoms. Occupational &

Environmental Medicine 59(2): 129-134.

UK Air Quality Archive. a. A Brief History. Available:

http://www.airquality.co.uk/archive/monitoring _networks.php?n=history [accessed 15/10/2007

2007].

UK Air Quality Archive. b. Smoke and Sulphur Dioxide Monitoring Network, 1961 - 2005. Available:

http://www.airquality.co.uk/archive/smesites.php [accessed 15/10/2007 2007].

UK Air Quality Archive. c. Annual Statistics and Exceedence Statistics, Smoke and Sulphur

Dioxide Monitoring Data. Available: http://www.airqguality.co.uk/archive/data_and_statistics.php

[accessed 04/06/2008 2007].

12


http://www.airquality.co.uk/archive/monitoring_networks.php?n=history
http://www.airquality.co.uk/archive/smsites.php
http://www.airquality.co.uk/archive/data_and_statistics.php

403

404

405

406

407

408

409

410

411

412

UK Parliament. 1956. Clean Air Act 1956. UK Parliament

van Vliet P, Knape M, de Hartog J, Janssen N, Harssema H, Brunekreef B. 1997. Motor vehicle
exhaust and chronic respiratory symptoms in children living near freeways. Environmental

Research 74(2): 122-132.

Verhoeff AP, Hoek G, Schwartz J, van Wijnen JH. 1996. Air pollution and daily mortality in

Amsterdam. Epidemiology 7(3): 225-230.

Wang X, Ding H, Ryan L, Xu X. 1997. Association between air pollution and low birth weight: a

community-based study. Environmental Health Perspectives 105(5): 514-520.

13



Figure 1: Map showing location of co-located monitoring sites with data for three or more
consecutive years over the period 1956-1961
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Figure 2: Box plots showing variation in measured levels of a) DM, b) BS and c) SO, within and
between the monitoring sites. Seasonal variation in measured levels of d) DM, e) BS and f) SO,

pooled across the sites.
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Figure 3: Scatter plots of DM and BS at three monitoring sites to show the variation in correlations

observed between these two variables at individual monitoring sites.
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Figure 4: Measured BS versus predicted BS (predictors SO, rainfall, year and season) for a)

independent monitoring locations, b) earlier time period (April 1954 to March 1956).
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