




































































































































































































































































































































































































































































pollutants that bothered or disturbed them. The actual smell of the traffic fumes caused the 

most annoyance, with 3-25% of the respondents complaining specifically about an unpleasant 

odour. Most of the householders who were disturbed by indoor dust/dirt (22-49% of the total 

respondents, depending on site location) complained about indoor soiling of items such as 

furniture, carpets, windows, curtains and nets. 

The results for outdoor disturbance are summarised in Table 5.74. The mean outdoor 

disturbance scores from vehicle-induced smoke, fumes and odour were typically above the mid­

point, while the mean scores for outdoor disturbance from vehicle-derived dust/dirt were 

generally more central. The median outdoor disturbance scores for both nuisances were usually 

3-4, although at some sites the median scores were statistically significantly higher than at 

others. Female, commercial and middle-aged respondents generally showed greater disturbance 

than other respondent types for each nuisance, with some statistically significant data. These 

observations are consistent with the data for indoor disturbance. At all ten household and 

commercial sites, the outdoor figures were statistically significantly higher than those for indoor 

disturbance from both nuisances, and at every site bar four, the disturbance scores from 

outdoor smoke, fumes and odour were statistically significantly higher than those from outdoor 

dust/dirt. Overall, the data indicates that the average respondent was moderately-very bothered 

by both types of nuisance, but generally more concerned about vehicle-derived smoke, fumes 

and odour. 

Table 5.74. 
The magnitude of outdoor disturbance from vehicle-derived dust/dirt and smoke, fumes and 

odour at selected UK sites. 

I Disturbance 

-

II 
-_._ .. _ .... -

I 
--- r 

I Respondent type Median range Mean 

Smoke, fumes and odour from Household 3 - 4 3.3 - 3.8 
road traffic 

Pedestrian 0-4 1.9 - 4.2 

Business ' 3 - 4 3.3 - 4.1 

Dust/dirt from road traffic Household 3-4 2.8 - 3.4 

Pedestrian 0-4 1.4 - 3.8 

Business 3 - 4 3.0 - 4.0 

Pedestrian and household respondents gave a range of reasons when asked specifically what 

bothered them outdoors about smoke, fumes and odour from road traffic. At the household 

sites, 33-51 % of respondents were worried about their health, with a further 10-22% 

209 



complaining about the odour of the fumes. Pedestrian respondents generally showed a slightly 

higher level of concern about their health (37-71 %) and the odour of the traffic fumes (10-

37 %). Respondents were also asked what bothered them specifically about outdoor dust/dirt 

from road traffic. At the household sites, 18-32 % of respondents complained of health worries 

and 15-38% of soiling (usually of clothes, skin, hair). Pedestrian responses were more variable, 

with 14-52% of respondents being worried about their health and 18-37% complaining about 

soiling. 

In order to gain information about the relative importance of indoor traffic-induced nuisances, 

business and household respondents were asked to rank five traffic-induced nuisances in order 

of disturbance when they were inside their homes. The relative rankings, summarised in Table 

5.75, consistently indicate that noise caused the greatest indoor traffic-induced disturbance 

(which is consistent with the frequency data described previously), with dust! dirt and smoke, 

fumes and odour sharing second rank. Vibrations and danger from road traffic were 

consistently ranked fourth and fifth respectively as indoor traffic-related disturbances. 

Table 5.75. 
Rank order of indoor traffic related disturbances. 

I. i i i 

Road traffic Binningham Cardiff Coventry Edinburgh Sheffield Wood Green Overall 
disturbance 

Noise 2.0 2.1 1.8 1.9 1.8 2.1 2.0 

Dust/dirt 2.8 2.7 2.9 2.8 2.7 2.8 2.8 

Smoke, fumes & 2.7 2.6 2.8 3.0 2.8 3.2 2.8 
odour 

Vibrations 3.0 3.5 3.0 3.2 3.4 3.0 3.2 

Danger 4.4 4.0 4.4 4.0 4.2 4.3 4.2 

Respondents were also asked to rank six traffic-induced nuisances in order of disturbance when 

they were outside their homes. The relative rankings shown in Table 5.76 indicate that danger 

and smoke, fumes and odour from road traffic were consistently ranked above the other 4 

outdoor disturbances. These rankings are consistent with the view that health and safety 

concerns are more important to the public than aesthetic issues. 

Respondents who stated that they suffered some disturbance from a range of health/nuisance 

effects when they were outdoors were asked what they thought was the cause of their distress. 
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Using the asumption that all kerbside air pollution and dust/dirt is traffic generated (a worst­

case situation), the maximum percentage of respondents who blamed vehicle-generated air 

pollution for the named health/irritant effects was estimated. With the exception of the 

pedestrian residential location in Edinburgh, where disturbance was markedly lower than at the 

other sites, 23-51 % of the household and pedestrian respondents felt that traffic pollution was 

at least partly to blame for their sore or runny eyes; 18-49% for sneezing; 23-69% for throat 

irritant problems and 30-80% for soiling. 

Table 5.76. 
Rank order of outdoor traffic related disturbances. 

--_ ... _-- -------_ ... __ ... _--

Road traffic Binningham Cardiff Coventry Edinburgh Sheffield Wood Overall 
disturbance Green 

Smoke, fumes 2.2 2.2 2.3 2.4 2.4 2.4 2.3 
& odour 

Danger 2.5 2.6 2.7 .2.4 2.5 2.5 2.5 

Dust/dirt 3.3 3.3 3.3 3.4 3.2 3.6 3.4 

Noise 3.3 3.6 3.2 3.6 3.7 3.5 3.5 

Splash and 4.6 4.2 4.4 3.8 4.0 4.4 4.2 
spray 

Vibrations 5.0 5.2 5.0 5.2 5.2 4.6 5.0 

To summarise, the survey's main findings are: 

• vehicle-derived air pollution was an issue of high relative importance to the public when 

compared to other major social issues; 

• dust/dirt was the most important indoor vehicle-derived annoyance, although noise was 

the most important indoor nuisance overall; 

• smoke, fumes and odour were the most important outdoor vehic1e-derived nuisances; 

• the public were more concerned about the health effects and safety issues associated with 

road traffic than aesthetic issues, although there was some concern about indoor soiling 

and the odour of fumes; 

• the data suggests that there can be significant differences in disturbance between sites in 

the same and different cities, between males and females and between different age 

groups. No association was found between magnitude of reported disturbance and the 

distance of respondents' homes to a road. 

Overall, the survey data are very consistent, which is unexpected given the different social and 
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economic circumstances at each location. In particular, the findings highlight the public's 

concern about the relationship between vehicle-derived pollution, especially particulate 

pollution, and human irritantlhealth effects. In urban areas, particulates, black smoke and 

unpleasant odours are often associated with the exhaust emissions from diesel vehicles. The 

fmdings of this survey are therefore consistent with the recent conclusions of the UK Quality 

of Urban Air Review Group (1993a) that 'any increase in the proportion of diesel vehicles on 

our (UK) urban streets is to be viewed with considerable concern unless problems of particulate 

matter ... are effectively addressed'. 
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Chapter 6 

Air Quality in Commercial and Residential Areas 

6.1 Introduction 

In addition to the questionnaire data described in Chapter 5, air quality information was 

required in order to quantify the nuisance generated by vehicle-derived air pollution in 

commercial and residential areas. This air quality data was collected at the selected sites using 

the monitoring and assessment techniques described in Chapter 4. This Chapter summarises the 

air quality and meteorological data accumulated at each site and examines and interprets the 

observed cycles and trends. 

6.2 Meteorological parameters recorded at the mobile laboratory 

A limited amount of meteorological data was collected at Wood Green using the equipment 

installed within the mobile laboratory. Statistical summaries of these meteorological parameters 

are displayed in Tables 6.1 and 6.2. The hourly average temperature profiles displayed in 

Figure 6.1 show trends and temperature ranges typical of London during those time periods 

(Meteorological Office, 1994). 

The graphical representations of wind speed illustrated in Figures 6.2 and 6.3 indicate that the 

frequency distributions are lognormal. It is generally accepted that the lognormal distribution 

of many primary pollutants is partly due to a strong dependence on wind speed (Bower, 1989). 

Previous studies (eg McCrae, 1991) have indicated that locally measured wind speeds are often. 

lower than those measured at regional weather centres. 

6.3 Meteorological parameters recorded by other authorities 

Meteorological data was collected at the nearest Meteorological Office weather station to the 

site locations so that regional and local weather conditions could be compared. Information was 

collected from Heathrow and the London Weather Centre for the Ealing and Wood Green sites 

respectively. 

Statistical summaries and trends of the hourly temperatures measured at each of the regional 

weather centres are shown in Table 6.3 and Figures 6.4 and 6.5 respectively. The regionally 

recorded wind speeds (Figures 6.6 and 6.7) were higher than the locally recorded values 

(Section 6.2) and the frequency distributions show a lognormal distribution. 

Wind direction regularly changes due to the circular and fluctuating nature of wind speed 

measurements, and is therefore best summarised in terms of the most dominant direction. This 
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Table 6.1 
Statistical summary of meteorological parameters recorded at Site WG-R (February - April 1992). 

I I 
Percentiles 

Units N* Mean Minimum Maximum 
10 25 50 75 90 95 98 

I Wind speed I mJs 1363 1.5. 0.0 0.4 0.8 1.1 2.0 3.0 3.5 4.2 6.0 

* Number of readings 

Table 6.2 
Statistical summary of meteorological parameters recorded at Site WG-C (August - October 1992). 

I I 
Percentiles 

Units N* Mean Minimum Maximum 
10 25 50 75 90 95 98 

Wind speed mJs 1364 0.8 0.0 0.2 0.3 0.5 1.0 1.9 2.7 3.1 3.6 

Temperature °C 1365 13.3 2.3 7.9 10.8 13.5 16.2 18.1 19.7 21.1 23.5 

Relative humidity % 1364 78.8 42.3 61.2 71.2 80.5 88.5 93.2 94.8 96.7 98.0 

* Number of readings 
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Figure 6.1 
Trends in hourly average temperatures recorded at Site WG-C in 1992. 

meteorological data is summarised in Table 6.4. In general, locally recorded wind direction and 

speed was less variable than regionally recorded data, illustrating the modifying effect of urban 

street buildings and furniture on local wind conditions. 

6.4 Traffic classifications 

Traffic classifications in terms of the percentage of diesel and petrol-engined vehicles were 

obtained through manual counting at the Ealing and Wood Green locations. This classification 

is important due to the differences in pollutant emissions between the two vehicle groups. 

The monitoring period was typically between 06:00 - 18:00 hours over a 3 - 5 day period. No 

classification was performed at Site WG-R because of the extremely low numbers of diesel 

vehicles present on adjacent roads. Figures 6.8 - 6.10 show the trends in diesel vehicle 

composition of the vehicle fleets at the 3 other sites. The diagrams clearly show that the 

percentage of diesel vehicles reduces during rush hour periods at all sites. As expected, the 

diesel/petrol ratio was higher at the commercial sites due to the presence of buses and 

commercial vehicles. The average diesel vehicle compositions were 10.8% at Site E-R, 14.9% 

at Site E-C and 25:4% at Site WG-C. The implications of the different vehicle fleet 

compositions at these sites are discussed as appropriate in the following Sections. 
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Figure 6.2 
Wind speeds recorded at Site WG-R in 1992. 
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Figure 6.3 
Wind speeds recorded at Site WG-C in 1992. 
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Figure 6.4 
Trends in hourly average temperatures recorded at Heathrow in 1991. 
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Figure 6.5 
Trends in hourly average temperatures recorded at the London Weather Centre in 1992. 
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Figure 6.6 
Wind speeds recorded at Heathrow in 1991. 
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Wind speeds recorded at London Weather Centre in 1992. 
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Table 6.3 
Statistical summary of hourly temperature values measured at regional weather centres. 

Temperature (0C) 
Month Site location Number of hourly 

Mean Median Range 
measurements 

Heathrow (1991) 

April 720 8.6 8.2 0.0 - 20.8 

May 744 11.6 11.0 2.5 - 24.4 

June Ealing 720 13.4 13.0 3.7 - 22.5 

Overall 2184 11.2 11.0 0.0 - 24.4 

London Weather Centre (1992) 

February 696 7.2 7.5 -0.1 - 18.2 

March 728 9.0 9.1 3.5 - 15.6 

April Wood Green 718 10.1 10.1 3.5 - 18.2 

Overall 2142 8.8 9.0 -0.1 - 18.2 i 

Table 6.4 
Locally and regionally recorded wind directions. 

I Site I 
Dominant wind direction (Degrees from North) 

Local Regional 

E-R - 0-45 

E-C - 0-45 

WG-R 135 - 180 225 - 280 

WG-C 135 - 180 225 - 280 
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Figure 6.8 
Hourly trends in diesel vehicle composition of the vehicle fleet at Site E-R. 
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Figure 6.9 
Hourly trends in diesel vehicle composition of the vehicle fleet at Site E-C. 
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Figure 6.10 
Hourly trends in diesel vehicle composition of the vehicle fleet at Site WG-C. 
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6.5 Gaseous pollutant concentrations recorded at the mobile laboratory 

Gaseous pollutant concentrations do not remain constant in the urban atmosphere, but vary 

according to a number of factors, including source strength and meteorological conditions. In 

order to compare the concentrations at each site, the gaseous pollutant concentrations recorded 

at the mobile laboratory are presented as arithmetic mean hourly averages over the different 

sampling period durations (Tables 6.5-6.8). 

At each site, the road can be considered the predominant source for the majority of the 

monitored pollutants, although a variety of additional sources exist at the individual sites. These 

additional sources can add to, and distort the pollution profiles within any individual location. 

The levels of the various pollutants displayed in Tables 6.5-6.8 generally correspond with 

values recorded at other similar roadside locations (eg McCrae, 1991). At both Ealing and 

Wood Green, the concentrations of the vehicular primary pollutants, CO, NO and NMHC are 

higher at the commercial sites than at the residential sites. These trends can be largely 

explained by the number and average speed of vehicles operating on the individual road 

systems (see Section 6.8). Vehicle speeds were generally low at all of the roadside sites, but 

the commercial sites were characterised by relatively high traffic densities and the frequent 

Table 6.5 
Ambient hourly pollutant concentrations and traffic flows recorded at Site E-R 

(March - April 1991). 

Concentmtion units Arithmetic mean Standard deviation 

I Gaseous pollutant 

Carbon monoxide ppm 1.0 0.6 

Nitric oxide ppb 33.4 38.2 

Nitrogen dioxide ppb 44.3 23.4 

Totals oxides of nitrogen ppb 78.4 59.2 

Ozone ppb 16.1 10.0 

Sulphur dioxide ppb 4.5 4.4 

Non-methane hydrocarbons ppm 0.5 0.6 

Methane ppm 1.3 0.2 

Total hydrocarbons ppm 1.8 0.4 

NOziNOx % 64.6 15.1 

I Vehicle flow 

I Madeley Rd* II vehicleslhour I 474 I 305 

* The actual mobile labomtory location was in Westbury Rd. 
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Table 6.6 
Ambient hourly pollutant concentrations and traffic flows recorded at Site WG-R 

(February - April 1992). 

Concentration units Arithmetic mean Standard deviation 

I Gaseous pollutant 

Carbon monoxide ppm 1.0 0.8 

Nitric oxide ppb 31.4 58.2 

Nitrogen dioxide ppb 46.5 31.8 

Totals oxides of nitrogen ppb 77.9 88.2 

Ozone ppb 12.1 8.8 

Sulphur dioxide ppb 6.9 6.9 

Non-methane hydrocarbons ppm 0.3 0.3 

Methane ppm 2.4 0.9 

Total hydrocarbons ppm 2.6 1.1 

NOzlNOx % 73.5 15.7 

I Vehicle flow 

I Gladstone Avenue II vehic1eslhour I 76 I 74 

Table 6.7 
Ambient hourly pollutant concentrations and traffic flows recorded at Site E-C 

(February - July 1991). 

Concentration units Arithmetic mean Standard deviation 

I Gaseous pollutant 

Carbon monoxide ppm 2.7 2.2 

Nitric oxide ppb 88.2 79.1 

Nitrogen dioxide ppb 57.9 31.6 

Totals oxides of nitrogen ppb 146.8 109.5 

Ozone ppb 9.1 6.1 

Sulphur dioxide ppb - -
Non-methane hydrocarbons ppm 1.0 0.8 

Methane ppm 1.2 0.2 

Total hydrocarbons ppm 2.3 1.9 

NOzlNOx % 46.6 12.6 

I Vehicle flow 

High St* vehicleslhour 494 301 

Broadway vehicleslhour 1116 600 

* The mobile laboratory was situated in the High st. 
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Table 6.8 
Ambient hourly pollutant concentrations and traffic flows recorded at Site WG-C 

(August - October 1992). 

Concentration units Arithmetic mean Standard deviation 

I Gaseous pollutant 

Carbon monoxide ppm 3.3 2.1 

Nitric oxide ppb 171.6 112.8 

Nitrogen dioxide ppb 95.9 44.1 

Totals oxides of nitrogen ppb 268.7 156.6 

Ozone ppb 3.0 3.8 

Sulphur dioxide ppb 38.3 24.0 

Non-methane hydrocarbons ppm 0.7 0.6 

Methane ppm 2.1 0.9 

Total hydrocarbons ppm 2.7 1.2 

N02INOx % 39.0 7.3 

I Vehicle flow 

High Rd Northbound" vehicles/hour 470 242 

High Rd Southbound vehicles/hour 609 306 

High Rd Total vehicles/hour 1104 482 

* The mobile laboratory was situated on the northbound side of the High Rd. 

I 

I 

presence of stop-go traffic conditions. Highest urban CO emissions often occur under these 

circumstances (peterson and Allen, 1982). 

The highest NO levels were recorded at Site WG-C, which also exhibited the highest average 

hourly vehicle flow (1104 vehicles/hour compared to 494 vehicleslhour at Site E-C). Vehicle 

speeds were similar at both commercial sites. Although the commercial sites exhibit higher 

average hourly concentrations of N02 than residential sites, they have markedly lower NOiNOx 

ratios. This is probably partly due to the proximity of the pollutant source to the monitor. In 

addition, it is likely that the N02/NOx ratios at the commercial sites (which have higher NO 

levels) are reduced by the lack of available 0 3 for No-.N02 conversion. This hypothesis is 

supported by the data presented in Tables 6.5-6.8, which display the existence of lower 

concentrations of 0 3 at the commercial sites. 

Vehicular emission of S02 by petrol engines is minimal, although this pollutant is emitted in 

larger quantities by diesel engines. S02 is therefore not considered to be a major vehicular 

primary pollutant. The concentrations of S02 recorded at the residential sites are similar to 
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typical UK background levels and comparable to those recorded at other UK towns and cities 

(eg QUARG, 1993a). However, the average hourly concentration measured at Site WG-C is 

quite high, and comparable to values recorded at other (busier) kerbs ide locations in London 

(eg McCrae, 1991). This observation probably reflects the relatively high percentage of diesel 

vehicles using the road at this location (see Section 6.4). S02 concentrations were not recorded 

at Site E-C due to equipment failure. 

The pollutant concentrations recorded in Tables 6.5-6.8 have been compared to the UK 

Department of the Environment public information air quality criteria for N02, S02 and 0 3, 

in which pollution concentrations are banded into four categories. The categorisation, displayed 

in Table 6.9, indicates that the roadside air quality was typically 'very good' for S02 and 0 3, 

but sometimes 'poor' for N02, especially at Site WG-C. 

Table 6.9 
Air quality characterisation for roadside sites expressed as the percentage of time spent 

in each category during the sampling period. 

I Category ~ :r~ 
Site 

E-C I E-R I WG-C I WG-R 

N02 
Very Good <50 48.2 66.6 13.8 66.6 

Good 50-99 40.0 31.0 44.4 27.5 

Poor 100-299 11.8 2.4 41.7 5.8 

Very Poor ~300 0.0 0.0 0.1 0.1 

S02 

Very Good <60 - 100.0 80.8 99.9 

Good 60-124 - 0.0 19.2 0.1 

0 3 

Very Good <50 100.0 100.0 100.0 99.9 

Good 50-89 0.0 0.0 0.0 0.1 

I 

The ambient carbonyl compound concentrations found at all sites, summarised in Table 6.10, 

are similar to those found previously in other urban areas (see Table 3.3 and Section 3.8.1). 

The mean values for formaldehyde, acetaldehyde, hexanal and crotonaldehyde were very 

similar at both Ealing sites, although slightly higher at Site E-C. The mean values found at 

Wood Green for acetaldehyde and hexanal are similar to those found at Ealing. No 

crotonaldehyde was detected at Site WG-C. The formaldehyde values at Wood Green appear 
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lower than those at Ealing, but this is probably due to the mean formaldehyde values for both 

sites at Ealing being strongly influenced by single high outlying figures. These extreme values 

of 116 and 1221lg/m3 at Sites E-R and E-C respectively, may have occurred as a result of high 

localised photochemical activity or because of emissions from a nearby idling/stationary badly 

tuned/poorly maintained vehicle. Acrolein, prop anal , benzaldehyde and iso-valeraldehyde were 

not detected at either survey location. 
, 

Table 6.10 
Carbonyl compound concentrations at the monitored sites (p,g/m3). 

Site Carbonyl compound Na Arithmetic mean Standard deviation 

E-R (17)b Formaldehyde 10 32.0 (25.6)" 30.8 (24.7)° 

Acetaldehyde 15 5.2 (2.8)" 5.8 (3.2)° 

Rexanal 12 9.2 (2.2)° 5.3 (1.3)° 

Crotonaldehyde 17 3.5 (1.2)° 2.6 (0.9Y 

E-C (9)b Formaldehyde 8 29.9 (24.0)° 36.0 (28.8)° 

Acetaldehyde 9 2.9 (1.6)° 0.6 (0.3)° 

Rexanal 9 5.1 (1.2)° 0.9 (0.2)° 

Crotonaldehyde 9 1.4 (0.5)° 0.4 (0.1)° 

WG-R (40)b Formaldehyde 37 5.4 (4.3)° 3.1 (2.5)° 

Acetaldehyde 38 3.7 (2.0)" 3.3 (1.8)° 

Rexanal 23 3.4 (0.8y 1.6 (0.4)° 

Crotonaldehyde 40 1.6" (0.5y 0.8 (0.3)° 

WG-C (7)b Formaldehyde 7 9.2 (7.4)° 5.3 (4.2)° 

Acetaldehyde 7 4.3 (2.3)° 2.6 (1.4)° 
I Rexanal 5 11.4 (2.7)° 13.3 (3.2)° 
! 

Crotonaldehyde 0 - -
• Number of samples in which compound was detected. 
b Figures in brackets refer to the number of samples taken. 
° Figures in brackets refer to the concentrations in ppb, assuming an ambient temperature of 20°C 
and an atmospheric pressure of 1013 mb. 

At Site WG-R, sufficient samples were collected to allow the data to be statistically divided into 

morning and afternoon collection periods. These data, illustrated in Table 6.11, show that the 

aldehyde concentrations were generally slightly higher in the afternoon. This observation is 

perhaps to be expected since traffic flow was highest during this period and photochemical 

activity is usually higher after mid-day. 
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Table 6.11 
Carbonyl compound concentrations at Site WG-C during morning and afternoon collection 

periods (p,g/m3). 

Carbonyl compound I N" I Arithmetic mean I Median I Standard deviation I 
Morning (19)b 

Formaldehyde 18 4.8 (3.8)° 3.8 (3.0)° 3.1 (2.5)° 

Acetaldehyde 17 3.2 (1.7)0 2.4 (1.3)° 1.9 (LOY 

Hexanal 13 3.6 (0.9)° 2.9 (0.7)° 1.9 (0.5Y 

Crotonaldehyde 19 1.5 (0.5)° 1.3 (0.4)° 0.7 (0.2)° 

Afternoon (21)b 

Formaldehyde 19 5.9 (4.7t 4.9 (3.9)° 3.0 (2.4t 

Acetaldehyde 21 4.1 (2.2)° 3.5 (1.9Y 4.1 (2.2Y 

Hexanal 10 3.2 (0.8)° 3.2 (0.8)° 1.2 (0.3)° 

Crotonaldehyde 21 1.7 (0.6t 1.6 (0.5t 0.8 (0.3)° 

• Number of samples in which compound was detected. 
b Figures in brackets refer to the number of samples taken. 
° Figures in brackets refer to the concentrations in ppb, assuming an ambient temperature of 20°C 
and an atmospheric pressure of 1013 mb. 

6.6 Gaseous pollutant concentrations recorded by local authorities 

Gaseous pollutant concentrations recorded at the Enhanced Urban Network (EUN)/Department 

of the Environment (DoE) sites in Birmingham, Cardiff, Edinburgh and Sheffield are displayed 

in Tables 6.12-6.15. 

Table 6.12 
Ambient hourly pollutant concentrations recorded at the EUN Site in Birmingham. 

I I Concentration units Arithmetic mean Standard deviation 

Carbon monoxide ppm 0.6 0.4 

Nitric oxide ppb 20.0 26.5 

Nitrogen dioxide ppb 25.1 13.9 

Ozone ppb 16.9 11.5 

Sulphur dioxide ppb 10.7 12.7 

N02/NOx % 66.0 16.9 

The EUN sites in Birmingham and Cardiff are situated in pedestrianised areas, well away from 

major roads (70 m and 190 m respectively). In Edinburgh, the EUN site is positioned in 

parkland 35 m away from a major road. The DoE site in Sheffield is situated near a community 

centre in a mixed residential/industrial area 200 m from the MI. The CO and NOx 
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Table 6.13 
Ambient hourly pollutant concentrations recorded at the EUN Site in Cardiff. 

I I Concentration units Arithmetic mean Standard deviation 

Carbon monoxide ppm 0.6 0.6 

Nitric oxide ppb 19.9 37.3 

Nitrogen dioxide ppb 22.9 11.4 

Ozone ppb 18.2 12.7 

Sulphur dioxide ppb 6.4 6.8 

NOiNOx % 65.9 17.8 

Table 6.14 
Ambient hourly pollutant concentrations recorded at the EUN Site in Edinburgh. 

I I Concentration units Arithmetic mean Standard deviation 

Carbon monoxide ppm 0.6 0.4 

Nitric oxide ppb 25.1 31.4 

Nitrogen dioxide ppb 25.3 11.8 

Ozone ppb 16.1 8.9 

Sulphur dioxide ppb 7.5 7.5 

NOzlNOx % 59.6 16.7 

Table 6.15 
Ambient hourly pollutant concentrations recorded at the DoE Site in Sheffield. 

I I Concentration units Arithmetic mean Standard deviation 

Carbon monoxide ppm 0.4 0.4 

Nitric oxide ppb 48.5 58.3 

Nitrogen dioxide ppb 30.8 15.8 

NOzlNOx % 51.4 20.9 

concentrations recorded at these sites are lower than the roadside values recorded at the Ealing 

and Wood Green sites (Tables 6.5-6.8), with the NOx concentrations being similar to those 

. determined (by diffusion tubes) at commercial areas in Manchester during 1986-1991 (QUARG, 

1993a). The S02 concentrations are typical of urban areas in UK towns/cities and (with the 

exception of the Site WG-C) are similar to those recorded at roadside locations using the 

mobile laboratory. 

Ozone values at the EUN sites were similar to those recorded at Sites E-R and WG-R but 
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higher than those obtained at the commercial sites. The N02/NOx ratios at Birmingham, Cardiff 

and Edinburgh are similar to the roadside values recorded at Sites E-R and WG-R but markedly 

higher than the ratios at Sites E-C and WG-C. The lowest NOJNOx ratio was recorded at 

Sheffield, which like the roadside commercial sites, predicted a mean NO concentration higher 

than the mean N02 concentration. 

As at the roadside sites, the pollutant concentrations recorded in Tables 6.12-6.16 have been 

compared to the UK Department of the Environment public information air quality criteria for 

N02, S02 and 0 3, The categorisation, displayed in Table 6.16, indicates that the air quality was 

typically 'very good' for all pollutants at all EUNlDoE locations. 

Table 6.16 
Air quality characterisation for EUNlDoE sites expressed as the percentage of time spent in 

each category during the sampling period. 

Category I Site I Category bands 
(Ppb) Birmingham Cardiff Edinburgh Sheffield 

NOl 
Very Good <50 96.5 98.6 97.6 91.0 

Good 50-99 3.5 1.4 2.4 8.5 

Poor 100-299 0.0 0.0 0.0 0.5 

SOl 

Very Good <60 98.8 99.8 99.8 -
Good 60-124 1.1 0.1 0.2 -
Poor 125-399 0.1 0.1 0.0 -

1~:Good II II I I I I 
<50 99.6 98.1 100.0 -

50-89 0.4 1.9 0.0 -

In addition to data from the EUNlDoE sites, gaseous pollutant concentrations recorded by local 
• 

authorities using DOAS (Differential Optical Absorption Spectroscopy) equipment was collected 

at commercial locations in Cardiff, Coventry and Sheffield. DOAS utilises a long path light 

beam projected through the atmosphere, where individual gases absorb light of particular 

wavelengths, each creating a unique spectroscopic fingerprint. The beam of light must be 

uninterrupted, and measurements therefore tend to be taken at rooftop level. The arithmetic 

mean hourly averages recorded at the 3 local authority sites are displayed in Tables 6.17-6.19. 

The values obtained at Cardiff for N02, 0 3 and S02 are very similar to those recorded at the 
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nearby EUN site (Table 6.13). The N02 values recorded by OPSIS (a trade name for a 

commercially available DOAS unit) at Sheffield are markedly lower than those recorded at the 

DoE site (Table 6.15). The formaldehyde levels recorded by OPSIS were similar to those 

values obtained at the Wood Green roadside sites, but lower than those recorded at Ealing. 

There is currently no EUN monitoring station in Coventry. 

The S02 data already reviewed was further corroborated by a comparison with data recorded 

using 8-port smoke/S02 samplers by local authorities for 24-hour ambient S02 concentrations. 

These data, displayed in Table 6.20, were of a similar magnitude to the hourly average 

concentrations collected by OPSIS and at EUN sites. 

Table 6.17 
Ambient hourly pollutant concentrations recorded by OPSIS at a rooftop site in central 

Cardiff (J.tg m-3). 

Pollutant 

Benzene 

Toluene 

Nitrogen dioxide 

Ozone 

Sulphur dioxide 

II Arithmetic mean Standard deviation 

32 (9.8) 12 (3.7) 

41 (10.7) 30 (7.8) 

59 (30.8) 27 (14.1) 

46 (23.0) 22 (11.0) 

22 (8.3) 27 (10.2) 

refer to concentrations in ppb, assuming an ambient temperature of 20°C and 
'essure of 1013 mb. 

Table 6.18 
Ambient hourly pollutant concentrations recorded by OPSIS at a rooftop site in central 

Coventry (J.tg m-3
). 

I Pollutant II Arithmetic mean I Standard deviation 

Benzene 17 (5.2) 5 (1.5) 

Toluene 36 (9.4) 20 (5.2) 

Nitrogen dioxide 49 (25.6) 23 (12.0) 

Ozone 26 (13.0) 18 (9.0) 

Sulphur dioxide 24 (9.0) 23 (8.6) 

Formaldehyde 4 (3.2) 1 (0.8) 

p-xylene 4 (0.9) 2 (0.4) 

Phenol 6 (1.5) 3 (0.8) 

Figures in brackets refer to concentrations in ppb, assuming an ambient temperature of 20°C and 
an atmospheric pressure of 1013 mb. 
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Table 6.19 
Ambient hourly pollutant concentrations recorded by OPSIS at a rooftop site in central 

Sheffield (p,g mo3
). 

I Pollutant II Arithmetic mean I Standard deviation 

Benzene 22 (6.8) 10 (3.1) 

Toluene 45 (11.8) 22 (5.8) 

Nitrogen dioxide 38 (19.9) 17 (8.9) 

Ozone 65 (32.5) 30 (15.0) 

Sulphur dioxide 46 (17.3) 49 (i8.4) 

Formaldehyde 11 (8.8) 6 (4.8) 

p-xylene 6 (1.4) 2 (0.4) 

Figures in brackets refer to concentrations in ppb, assuming an ambient temperature of 20°C and 
an atmospheric pressure of 1013 mb. 

Table 6.20 
Mean daily S02 concentrations recorded by 8-Port at Local Authority Sites (p,g/m3). 

I Site I Sampling period Median Arithmetic mean Standard deviation 

E-C March - July 1991 13 (4.9) 17 (6.4) 14 (5.3) 

B-R Feb - March 1993 19 (7.1) 21 (7.9) 13 (4.9) 

Card-R Jan - May 1993 20 (7.5) 20 (7.5) 10 (3.8) 

Cov-RC Jan - March 1993 26 (9.8) 30 (11.3) 13 (4.9) 

Edin-R Jan - March 1993 19 (7.1) 22 (8.3) 10 (3.8) 

Edin-C Jan - March 1993 32 (12.0) 38 (14.3) 16 (6.0) 

S-R Jan - May 1993 27 (10.1) 34 (12.8) 21 (7.9) 

S-C Jan - May 1993 36 (13.5) 41 (15.4) 21 (7.9) 

Figures in brackets refer to concentrations in ppb, assuming an ambient temperature of 20°C and 
an atmospheric pressure of 1013 mb. 

6.7 Statistical summaries of gaseous pollutant concentrations 

I 

Air quality data sets collected over a period of time are usually very large, and the data sets 

accumulated during this research are no different. In order to compare and contrast data sets 

from monitoring sites with varying characteristics, the data are often represented graphically 

by frequency distributions (histograms or frequency polygons). The shape and symmetry of a 

frequency distribution is extremely important, since it determines the subsequent analysis and 

interpretation of the data. Gaseous pollutant data sets containing hourly averages 

characteristically produce frequency plots and histograms which are skewed right (positive 

skew), ie they have a peak (or mode) to the left and a long tail to the right (Clark et ai, 1984; 
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Brimblecombe, 1986). Examples of this distribution type are shown in Figures 6. 11(a-c). These 

are typical of air pollution data, which usually approximate to a log-normal distribution. 

For normally distributed data, the frequency distribution is symmetrical about the mean, which 

therefore becomes the most representative (and frequently used) measure of central location. 

For example, Tables 6.5-6.8 display the measured ambient concentrations at the roadside 

survey sites in terms of means and standard deviations. However, these statistical parameters 

are not strictly suitable for non-normally distributed data, which are not symmetrically 

distributed about the mean. In non-normal distributions, the mean may be strongly affected by 

extreme values (outliers), and may no longer be the best measure of central location. Thus, in 

order to obtain a clearer picture of the log-normally distributed gaseous air pollutant data, a 

wider range of summary statistics (such as medians, percentiles, maxima and minima) have 

been calculated. These summary statistics are displayed in Tables 6.21-6.28, and indicate that 

the mid summaries (the 25th, 50th and 75th percentiles) become progressively larger, suggesting 

that the distributions are skewed right. The statistics also clearly indicate that the NOzlNOx 

ratios do not reach 100% at the roadside commercial sites. This is in marked contrast to the 

ratios at all other locations and indicates the strong influence of NO concentrations at roadside 

sites. Overall, this statistical treatment provides a simple and compact representation of the data 

and ultimately a convenient means for interpolation and extrapolation beyond any observed 

values (McCrae, 1991). 

6.S The time series analysis of gaseous air quality data 

Time series plots have been used widely to display and investigate air quality data (eg WHO, 

1980; McCrae, 1991; DoE, 1994; QUARG, 1993a&b). A time series may be defined as a set 

of observations of a variable (eg hourly CO concentrations) measured at successive points in 

time or over successive periods of time. 

The information available from a time series plot enables a researcher to monitor historical 

aspects of data, ie to observe how a variable has behaved over a given period of time. These 

plots are often used to investigate cycles and trends in the data. Cycles refer to effects such as 

the diurnal or even seasonal variation of urban CO levels as a consequence of traffic density. 

A trend may be described as the overall tendency of the data, eg the reduction in UK ambient 

smoke levels since 1962. Over a period of years, short-term cycles may be superimposed upon 

long-term trends due to variations in emission rates. 
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Figure 6.11 
Frequency distributions of hourly pollutant concentrations recorded at Site E-C: 

(a) carbon monoxide; (b) nitric oxide and (c) non-methane hydrocarbons. 
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Table 6.21 
Statistical summary of hourly gaseous pollutant concentrations and traffic flow at Site E-R. 

Percentiles 
Units N Minimum Maximum 

10 25 50 75 90 95 98 

I Pollutant I 
Carbon monoxide ppm 1253 0.1 0.3 0.5 0.9 1.3 1.8 2.1 2.7 5.2 

Nitric oxide ppb 1253 0.0 2.5 10.0 22.0 44.0 75.0 103.8 149.8 392.8 

Nitrogen dioxide ppb 1254 2.0 19.0 29.0 39.8 56.1 12.8 84.0 105.0 182.2 

Total oxides of nitrogen ppb 1254 2.0 23.8 41.4 63.6 100.0 144.5 187.2 253.8 575.0 

Ozone ppb 1254 0.8 3.2 6.9 15.4 23.7 30.0 33.8 37.4 43.0 

Sulphur dioxide ppb 645 0.0 0.6 1.7 3.2 5.8 9.9 13.2 16.9 28.3 

Methane ppm 1129 0.1 1.2 1.3 1.3 1.4 1.6 1.7 1.9 4.5 

Non-methane hydrocarbons ppm 1114 0.1 0.2 0.2 0.4 0.6 0.9 1.6 2.2 13.4 

Total hydrocarbons ppm 945 1.3 1.5 1.6 1.7 2.0 2.3 2.5 3.0 6.7 

NOiNOx % 1254 28.1 45.7 53-.5 63.1 75.4 86.4 91.4 95.9 100.0 

Traffic flow 

II Madeley Rd II vehicleslhour 2255 12 42 159 523 748 840 874 909 1383 



Table 6.22 
Statistical summary of hourly gaseous pollutant concentrations and traffic flow at Site WG-R. 

Percentiles 
Units N Minimum Maximum 

10 25 50 75 90 95 98 

I Pollutant I 
Carbon monoxide ppm 1619 0.1 0.3 0.5 0.8 1.3 2.0 2.8 3.7 9.3 

Nitric oxide ppb 2015 0.0 1.5 4.2 10.8 28.5 85.5 140.0 225.5 642.0 

Nitrogen dioxide ppb 2015 4.0 23.2 26.5 40.0 56.8 78.5 107.5 139.5 315.0 

Total oxides of nitrogen ppb 2015 5.0 25.8 31.8 51.5 84.0 163.5 246.0 364.0 956.5 

Ozone ppb 2015 0.1 2.3 4.1 10.4 18.2 24.8 27.4 30.7 53.1 

Sulphur dioxide ppb 1218 0.0 0.5 2.1 5.0 9.8 15.6 19.9 27.0 64.6 

Methane ppm 1085 0.2 1.8 1.9 2.0 3.0 3.3 3.6 5.0 8.2 

Non-methane hydrocarbons ppm 1319 0.0 0.0 0.1 0.2 0.3 0.6 0.9 1.4 2.4 

Total hydrocarbons ppm 1087 0.1 1.8 2.0 2.2 3.0 3.6 4.4 6.2 8.7 

NO/NOx % 2011 26.3 48.1 64.7 76.1 86.7 91.3 93.3 94.9 100.0 

I Traffic flow I 
I Gladstone Avenue I vehicleslhour 1707 0 4 14 49 131 178 223 252 . 478 



Table 6.23 
Statistical summary of hourly gaseous pollutant concentrations and traffic flow at Site E-C. 

Percentiles 
Units N Minimum Maximum 

10 25 50 75 90 95 98 

I Pollutant I 
Carbon monoxide ppm 957 0.1 0.5 1.0 2.1 3.9 5.7 6.7 9.0 12.4 

Nitric oxide ppb 1063 1.2 11.8 29.2 63.0 126.0 200.0 250.0 303.0 460.2 

Nitrogen dioxide ppb 1063 6.0 21.5 35.8 51.2 74.5 103.5 121.0 136.5 173.2 

Total oxides of nitrogen ppb 1063 8.5 35.2 66.0 116.8 200.5 304.8 371.0 439.2 634.2 

Ozone ppb 1063 0.1 2.9 4.3 7.4 12.6 18.4 21.4 23.4 34.3 

Sulphur dioxide ppb - - - - - - - - - -
Methane ppm 923 0.6 1.0 1.1 1.2 1.3 1.4 1.5 1.6 2.1 

Non-methane hydrocarbons ppm 924 0.1 0.3 0.5 0.9 1.4 1.9 2.2 2.9 6.1 

Total hydrocarbons ppm 924 1.1 1.4 1.6 2.0 2.7 3.2 3.6 4.6 43.4 

NOiNOx % 1063 22.1 32.2 37.1 44.2 54.5 64.6 70.8 76.0 88.2 

I Traffic flow I 
High St vehicleslhour 1009 14 59 184 550 772 843 878 915 1039 

Broadway vehicleslhour 2296 0 189 552 1328 1599 1733 1862 2002 2639 



Table 6.24 
Statistical summary of hourly gaseous pollutant concentrations and traffic flow at Site WG-C. 

I II I IMUrinmmI 
Percentiles 

IM-.unl Units N I I I I I I 10 25 50 75 90 95 98 

Pollutant 

Carbon monoxide ppm 1234 0.1 0.9 1.7 2.9 4.3 6.2 7.4 8.5 13.2 

Nitric oxide ppb 1364 3.2 45.5 93.0 149.2 229.2 325.5 383.8 467.0 803.2 

Nitrogen dioxide ppb 1364 8.5 41.5 65.8 92.0 120.8 155.8 177.8 201.0 312.0 

Total oxides of nitrogen ppb 1364 14.8 89.2 159.8 243.8 349.4 477.8 556.8 666.5 1116.0 

Ozone ppb 1090 0.0 0.2 0.6 1.4 4.2 7.9 11.1 15.1 23.3 

Sulphur dioxide ppb 1350 0.1 6.4 17.1 38.3 55.0 70.0 80.2 90.1 107.8 

Methane ppm 1061 1.1 1.3 1.4 2.1 2.5 3.2 4.0 5.1 6.7 

Non-methane hydrocarbons ppm 1042 0.0 0.1 0.3 0.6 1.0 1.6 1.9 2.2 3.5 

Total hydrocarbons ppm 1182 1.0 1.5 1.9 2.5 3.2 4.4 5.2 6.2 7.8 

NOiNOx % 1364 13.1 31.3 34.0 37.8 41.9 48.0 53.3 58.7 83.1 

I Traffic flow I 
High Rd Northbound vehic1eslhour 1079 0 104 235 559 664 740 780 805 902 

High Rd Southbound vehic1eslhour 995 0 123 344 709 782 877 1195 1285 1390 

High Rd Total vehicleslhour 995 108 338 687 1315 1467 1584 1648 1790 2049 



Table 6.25 
Statistical summary of hourly gaseous pollutant concentrations recorded at the EUN Site in Birmingham. 

Percentiles 
Pollutant Units N Minimum Maximum 

10 25 50 75 90 95 98 

Carbon monoxide ppm 4180 0.0 0.2 0.3 0.5 0.8 1.1 1.4 1.7 3.5 

Nitric oxide ppb 4136 0.0 . 2.0 4.0 9.0 26.0 54.0 73.0 100.0 361.0 

Nitrogen dioxide ppb 3889 0.0 7.0 14.0 25.0 35.0 43.0 47.0 54.0· 98.0 

Ozone ppb 4163 0.0 3.0 6.0 16.0 26.0 32.0 35.0 40.0 77.0 

Sulphur dioxide ppb 4134 0.0 2.0 4.0 7.0 12.0 24.0 35.0 51.0 196.0 

NOzlNOx % 3886 11.9 41.0 55.4 68.3 80.0 85.7 88.6 91.3 100.0 
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Table 6.26 
Statistical summary of hourly gaseous pollutant concentrations recorded at the EUN Site in Cardiff. 

Percentiles 
Units N Minimum 

10 25 50 75 90 95 

ppm 4181 0.0 0.1 0.3 0.5 0.7 1.1 1.4 

ppb 4185 0.0 2.0 4.0 8.0 20.0 49.0 75.0 

ppb 4185 0.0 8.0 14.0 23.0 31.0 38.0 41.0 

ppb 4211 1.0 3.0 7.0 17.0 27.0 34.0 39.0 

ppb 4202 0.0 2.0 3.0 4.0 8.0 14.0 19.0 

% 4183 9.5 39.1 55.5 69.2 79.3 86.7 90.0 

Maximum 
98 

2.0 12.0 

115.0 687.0 

47.0 77.0 

49.0 85.0 

26.0 144.0 

92.6 100.0 



Table 6.27 
Statistical summary of hourly gaseous pollutant concentrations recorded at the EUN Site in Edinburgh. 

I Pollutant ~ I IAfirunromI 
Percentiles 

IMmnmmI Units N I I I I I I 10 25 50 75 90 95 98 

Carbon monoxide ppm 4225 0.0 0.1 0.3 0.5 0.7 1.0 1.4 1.5 4.6 

Nitric oxide ppb 4170 0.0 3.0 6.0 14.0 32.0 60.0 78.0 110.0 508.0 

Nitrogen dioxide ppb 4170 1.0 10.0 17.0 25.0 33.0 40.0 44.0 53.0 84.0 

Ozone ppb 4249 0.0 4.0 9.0 16.0 23.0 28.0 31.0 34.0 44.0 

Sulphur dioxide ppb 4232 0.0 2.0 3.0 5.0 9.0 15.0 19.0 27.0 98.0 

NO/NOx % 4170 9.4 36.4 47.2 61.1 72.2 81.0 85.7 88.9 100.0 



Table 6.28 
Statistical summary of hourly gaseous pollutant concentrations recorded at the EUN Site in Sheffield. 

I PoUutont I 
Percentiles 

Units N Minimum Maximum 
10 25 50 75 90 95 98 

Carbon monoxide ppm 3934 0.0 0.1 0.2 0.4 0.5 0.8 1.2 1.5 5.6 

Nitric oxide ppb 4318 0.0 4.0 11.0 30.0 68.0 111.0 148.0 208.0 823.0 

Nitrogen dioxide ppb 4318 2.0 14.0 21.0 29.0 38.0 48.0 57.0 74.0 175.0 

NO/NOx % 4318 6.7 25.6 35.7 49.4 65.7 82.0 90.0 100.0 100.0 



The gaseous pollutant data sets for the Ealing and Wood Green locations (4 survey sites) 

contain between 645 to 2015 hourly averages for each pollutant, supplemented by local and 

regional meteorological data and traffic flow information. At each site, the measured hourly 

average data has been condensed into a seven day, 168 hour period data set for ease of 

interpretation. This was achieved by calculating an average concentration for each hour of each 

day of the week during the monitoring periods. These time series plots are displayed with a 

starting time of 00:00 hours on Monday. 

In this analysis, time plots for concentration levels of the measured air pollutants at each 

monitoring site are used to identify cycles and trends in the data. The graphs are also used as 

an initial tool for the identification of possible pollutant inter-relationships and relationships 

with traffic flows. 

6.8.1 The analysis of time series plots for residential sites 

6.8.1.1 Site E-R 

Time series plots for Site E-R are illustrated in Figures 6. 12(a-f). The pollutant concentrations 

recorded at this site were generally lower than those reported for other (busier) roadside sites 

in London (eg McCrae (1991», but higher than data recorded at EUN/DoE sites. At this site, 

the mobile laboratory was parked on the western side of Westbury Road, a heavily parked but 

lightly trafficked residential street. The instruments for traffic counting were not located in 

Westbury Road, but were positioned approximately 200 metres to the south of the laboratory 

in a more densely trafficked residential street called Madeley Road. The traffic flow data· 

displayed in Figures 6.12(a-e) does not therefore represent the volume of traffic passing 

immediately adjacent to the mobile laboratory, but is representative of the traffic flows within 

the surveyed area. 

During weekdays, the traffic flow in Madeley Road was characterised by a trimodal 

distribution, with the larger peaks relating to the morning and evening peak traffic periods, and 

the smaller peak in mid-afternoon possibly relating to school traffic. The weekday morning 

peak traffic period occurred between 11 :00-12:00 hours, mainly due to commercial traffic using 

Madeley Road as a short-cut to and from the town centre. The evening peak traffic period 

occurred between 20:00-21:00 hours on Mondays to Thursdays, and 18:00-19:00 hours on 

Fridays. The time series indicates a gradual build-up of traffic throughout the morning and 

early afternoon on Saturdays, culminating with a single peak between 15:00-17:00 hours. A 

distinct reduction in traffic is evident on Sundays, when a bimodal distribution relating to traffic 

peaks between 15:00-16:00 and 21:00-22:00 hours respectively was observed. 
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The carbon monoxide concentrations exhibit similar diurnal and weekly cycles to those for 

traffic flow, although the peak CO concentrations generally occur 2-3 hours before the peaks 

in traffic density (Figure 6.12a). Since average CO emissions tend to be highest at low speeds 

(Rogers, 1984), these CO peaks may be explained by the occurrence of slow-moving traffic 

queuing on Madeley Road between 08:00-10:00 and 17:00-19:00 hours in order to gain access 

to and from the busy North Circular Road. During the mid-morning, traffic speeds tended to 

be higher because of easier access to the North Circular, resulting in lower CO emissions. In 

urban areas, CO emissions generally reduce with increasing speed. The timing of the peak CO 

levels also tallies with the usage of Westbury Road during the early morning and evening 

periods as an area for commuter parking. During the early part of the week, morning CO 

concentrations exceeded afternoon levels, although the highest CO concentrations occurred on 

Thursday evenings. 

Non-methane hydrocarbons show a weak but positive relationship with traffic density, as 

ilustrated in Figure 6. 12(c). The large, distinct peak appearing on Friday afternoons results 

from a single, unusually high hourly average concentration recorded on 26/4/91. Methane 

concentrations show little correlation with traffic flow, and were consistently higher from 

Thursday evenings to Sundays than from Mondays to Thursday mornings. Non-methane 

hydrocarbons show a similar; though less distinct, trend. These data may indicate an additional 

weekend source of hydrocarbons, possibly domestic space heating. 

The relationship between traffic flows and sulphur dioxide co,ncentrations, shown in Figure 

6.12(e), does not display a recognisable pattern, although some S02 and traffic peaks do 

coincide. As with hydrocarbon concentrations, S02 levels are consistently higher from 

Thursdays to Sundays, possibly reflecting the impact of increased domestic fuel usage during 

the weekend period. 

The relationship between traffic flow, nitrogen oxides and ozone are shown in Figures 6. 12(b,d 

and f). The time series for nitric oxide exhibits similar characteristics to that for CO, which 

is unsurprising since they are both primary vehicular pollutants. Nitric oxide is oxidised 

relatively rapidly to nitrogen dioxide after emission through photochemical reactions, and being 

a primary vehicular pollutant shows a similar distribution to CO. 

The data displayed in,Figure 6. 12(d) suggests that there are two diurnal ozone peaks during 

weekdays and Saturdays; one in the early morning and one in the early afternoon. These peaks 

probably correspond to periods of low traffic flow (and thus less associated NO available for 
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photochemical reactions) and maximum photochemical activity respectively. On Sundays, the 

early morning ozone peak disappears, and only a single mid-afternoon peak is visible. This may 

be explained by the elevated concentrations of nitric oxide on Sunday mornings, possibly as 

a result of domestic space heating. This conclusion is supported by the data in Figure 6. 12(t), 

which shows a tendency for an inverse relationship between concentrations of ozone and nitric 

oxide. 

6.8.1.2 Site WG-R 

Figures 6. 13 (a-e) display data obtained at Site WG-R. The pollutant concentrations at this site 

were very similar to those recorded at Site E-R. The mobile laboratory was parked in Vincent 

Road, at the junction of Vincent Road and Gladstone Avenue. At this junction, traffic is 

prevented from entering Vincent Road by the presence of a wall across the road. The traffic 

counting apparatus was therefore positioned in Gladstone Avenue, approximately 20 m to the 

east of the mobile laboratory (see Figure 4.3). 

On weekdays, the traffic flow gradually built up during the morning, peaking at about 180 

vehicles per hour at 14:00-16:00 pm. The same pattern is evident on Saturdays, when traffic 

flows are distinctly higher, possibly due to 'rat-running' of vehicles towards the multi-storey 

car parks in the nearby commercial area. On Sundays, a clear decrease in traffic is apparent, 

with two peaks at 13:00 pm and 18:00 pm, respectively. 

Weekday CO concentrations show a bimodal distribution, with morning peaks occurring 

between 07:00-08:00 and afternoon peaks between 16:00-18:00, except on Wednesdays, which 

show a later peak (21:00-22:00). Peak CO levels generally occurred 2-3 hours before the peaks 

in traffic density, as at Site E-R. However, since traffic flows at Vincent Road and Gladstone 

Avenue were very low, this may indicate that the CO was transported to this site from other 

busy roads nearby (eg Green Lanes, the Al 0). 

Traffic densities plotted in combination with hydrocarbons for this site are displayed in Figure 

6.13(c). As expected, methane concentrations were relatively constant and largely independent 

of traffic flow. Non-methane hydrocarbon concentrations were slightly elevated during peak 

traffic periods and display a weaker relationship than CO with traffic density. 

The relationship between S02 and traffic flow is complex and unclear (Figure 6. 13(e», with 

highest concentrations occuring in the period from Wednesdays to Fridays. Sulphur dioxide 

peaks often occur during the morning and sometimes during the night, although no particular 
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pattern is apparent. The data may indicate the presence of other (imported) sources of S02 since 

the reduction of S02 levels at the weekend suggests that the influence of domestic space heating 

is minor. 

The relationship between traffic flow and NOx are shown in Figures 6.13(b & d). As with 

carbon monoxide, peak nitric oxide levels usually occured 2-3 hours before maximum traffic 

flow on weekdays and Saturdays, indicating the influence of additional sources of NO, in 

particular, the local road network. Nitrogen dioxide levels show two distinct peaks occuring 

at 9:00-10:00 and 20:00-24:00 hours during the weekday periods and a single peak at 21:00 

on Sundays. The N02 peaks were quite broad, and were possibly influenced by the input of 

N02 (as a result of NO+N02 conversion) from nearby transportation sources. 

The time series plots for ozone with traffic flow and NO (Figures 6.13(d & f) are very similar 

to those for Site E-R (Section 6.8.5.1), although the 0 3 peaks are more distinct and discrete 

at this location. 

6.S.2 The analysis of time series plots for commercial sites 

6.S.2.1 Site E-C 

Time series distributions for data recorded at Site E-C are illustrated in Figures 6. 14(a-f). The 

pollutant concentrations at this. commercial location were higher than those recorded at the 

residenti3.I site (Site E-R) and slightly lower than previously reported concentrations from other 

more densely trafficked sites in London (McCrae, 1991). 

The traffic flow in the High St during weekdays was characterised by an approximately 

trimodal distribution. The morning peak traffic period occured between 09:00-10:00 on 

Mondays to Thursdays, and 10:00-11 :00 on Fridays. The evening peak traffic period, occuring 

between 16:00-17:00 on Mondays to Wednesdays was 2 hours later on Thursdays to Fridays. 

The week day mid-afternoon peak, between 14:00-15:00 hours, was possibly due to increased 

commercial traffic shortly after lunch. The time series indicates that no reduction of traffic 

volume occured on Saturdays, with a gradual build-up of traffic to a single peak at 13:00-14:00 

hours. On Sundays, there was a well-defined reduction in traffic flows, the data showing a 

bimodal distribution with peaks between 13:00-14:00 and 20:00-21:00 hours respectively. 

The data illustrated in.Figure 6. 14(a) indicates a strong correlation between CO concentrations 

and traffic flow, with slightly higher concentrations occuring during the weekday evening peak 

traffic periods, particularly on Thursday evenings when the shopping centre was open until 
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20:00 hours. The broadening of the CO peak: late into Friday evenings was probably caused 

by heavy traffic congestion in the High St and Uxbridge Road as a result of westward-bound 

traffic on the nearby North Circular Road which feeds the M4 and A4. It seems reasonable to 

assume that the CO peak: late on Saturday nights was due to vehicles transporting people away 

from the busy town centre pubs and clubs. 

The relationships between hydrocarbons and traffic density are displayed in Figure 6. 14(c). 

Methane levels vary little with traffic density, while non-methane hydrocarbons concentrations 

show a strong positive relationship with traffic density. Peak: NMHC levels occur at 12:00-

14:00 hours on weekdays and Saturdays, and 22:00-23:00 hours on Sundays, which suggests 

the presence of additional (possibly imported) hydrocarbon sources. 

The weekly distributions of NOx and 0 3 in conjunction with traffic flow are illustrated in Figure 

6.14(b, d & e). The time series plots indicate a strong relationship between traffic densities and 

NOx levels, with peak: concentrations typically occuring an hour or two after peak: traffic flows. 

The broad NO peak: on Friday evenings probably reflects the level of congestion on the High 

St and Uxbridge Rd (as discussed for CO above). 

Ozone concentrations tend to show an inverse relationship with NO, although the relationship 

is complex, particularly in the latter half of the week. From Mondays to Thursdays, 0 3 

concentrations tend to be highest during the early hours of the morning, when NO levels are 

at their lowest. A second peak: occured during mid-afternoon, possibly during the period of 

highest photochemical activity. The presence of relatively large NO peaks on Friday and 

Sunday nights result in less distinct 0 3 peaks at the weekend. 

6.8.2.2 Site WG-C 

Time series plots for data recorded at Site WG-C are displayed in Figures 6.15(a-f). As at 

Ealing, the pollutant concentrations at this commercial location were higher than those recorded 

at the residential site (Site WG-R). The concentrations of primary vehicular pollutants were 

similar to those previously reported at other roadside sites in London (McCrae, 1991). 

Both the northbound and southbound traffic flows in the High Rd were recorded at this 

location, as shown in Figure 6.16. The data clearly shows that traffic flows predominantly 

towards central London in the morning (ie south) during weekdays whereas in the afternoon 

the north and south flows were similar. On Mondays to Fridays, the morning peak: traffic flows 

occured between 07:00-08:00 and 08:00-09:00 for south- and north-bound traffic respectively. 
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The evening peak traffic flows occured between 18:00-20:00 in both directions on weekdays. 

At the weekend, typical traffic levels were not significantly reduced except that the southbound 

morning peak was markedly lower. The traffic flow data for Saturdays shows a bimodal 

distribution in both directions, with morning peaks occurring at 10:00-11:00 and 08:oo-D9:oo 

for north- and south-bound traffic respectively. The evening peak occurred at 20:00-21:00 in 

both directions. On Sundays, the data again shows a bimodal distribution with north- and south­

bound peaks occurring simultaneously between 13:00-15:00 and 17:00-19:00 hours. 

The data illustrated in Figure 6. 15(a) indicates a strong relationship between CO concentrations 

and traffic flow, with slightly higher concentrations occuring as the week progresses from 

Monday to Friday. The highest weekday peak occurs on Thursday evenings when the shopping 

centre was open until 20:00 hours. The broadening of the CO peak late into Friday evenings 

was probably caused by heavy traffic congestion in the High Rd and a number of adjacent 

roads (eg Lordship Lane) towards central London and the nearby North Circular Road (which 

feeds the Ml, M4, M11, M25 and M40). Because Wood Green contains a busy shopping 

precinct, the CO levels on Saturdays were similar to those encountered on weekdays. The CO 

peaks which occurred on Saturday and Sunday nights may be attributed to the presence of a 

popular bingo hall in Wood Green High Rd. 

The relationships between hydrocarbons and traffic density are displayed in Figure 6.1S(c). 

Methane levels vary little with. traffic density, while non-methane hydrocarbons concentrations 

show a strong positive relationship with traffic density. Peak NMHC levels generally occured 

at 17:00-18:00 hours on weekdays, with a similar distribution on Saturdays, and a bimodal 

distribution on Sundays. 

The weekly distribution of NOx and 0 3 in conjunction with traffic flow are illustrated in Figure 

6.1S(b, d & e). The time series plots indicate a strong relationship between traffic densities and 

NOx levels, with peak concentrations typically occuring at the same time as traffic peaks. NO 

maxima typically occurred at 08:00-09:00 and 18:00-20:00 hours, with the morning peaks 

higher than those in the afternnon. This contrasts with the CO distributional shape and shows 

the importance of photochemical reactions with 0 3 in the afternoon. Ozone concentrations tend 

to show an inverse relationship with NO, although as previously noted, the relationship is 

complex. From Mondays to Fridays, 0 3 concentrations tend to be highest during the early 

hours of the morning, when NO levels are at their lowest. A second peak occured during mid­

afternoon, possibly during the period of highest photochemical activity. The presence of low 

NO concentrations on Sunday nights results in a broad and distinct 0 3 peak throughout the day. 
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6.9 The measurement of inter-pollutant association using the correlation coeficient 

The time series plots displayed in Figures 6.12-6.16 indicated relationships between variables 

in a strictly qualitative manner. The use of correlation theory allows the evaluation of any 

statistical degree of relationship between variables. If two variables are associated such that the 

data points of a scatterplot tend to fall in a straight line, then they are linearly correlated. The 

strength of the association between the two variables may be measured using the correlation 

coefficient (r). The value of r will always be between -1 and + 1; the closer it is to either -1 

or + 1 the stronger the linear relationship between the variables. If r is 0, then the variables 

are not linearly correlated (Kitchens, 1987). 

For normally distributed data, Pearson's correlation coefficient is usually employed. However, 

in recognition of the distributional shapes illustrated in Figures 6.11(a-c), Spearman's rank 

correlation coefficient was employed within this study. The correlation matrices for the traffic 

flows and gaseous pollutants monitored using the TRL mobile laboratory are displayed in 

Tables 6.29-6.32. 

In a two-tailed test for significant correlation between two variables at a given significance 

level, the observed correlation coefficient must exceed the critical statistic (7). Within this 

study, the number of data points in each data set is large, ranging from 645 to 2015. Therefore 

for each data set, the 7 at the 95 % significance level would be equivalent to a value of ~ 0.195 

with a two-tailed test (Murdoch and Barnes, 1970) (0.195 representing the tabulated value for 

100 degrees of freedom). This suggest that all values within the correlation matrices illustrated 

in Tables 6.29-6.32 greater than 0.195 are statistically significant at the 95 % significance level, 

regardless of sign. In practice however, it is misleading to draw such confident conclusions, 

and the correlation coefficients displayed should be viewed as indicative of the strength of 

association between variables. 

At both the residential and commercial sites, the data indicates the existence of positive and 

significant correlations between traffic flow and the vehicular primary pollutants of CO, NO 

and NMHC. Indeed, only 0 3 and CH4 were not significantly correlated with traffic flow at the 

commercial sites. These exceptions are unsurprising since 0 3 is a secondary pollutant and CH4 

is generally derived from non-vehicular sources. Sulphur dioxide is usually associated with 

emissions from power stations and industry. However at Site WG-C, the correlation between 

S02 and traffic flow may be credited to the relatively high level of diesel vehicles operating on 

this road. At the residential sites, significant correlations relating traffic flow and pollutant 

concentration were not indicated for 0 3 and S02 (both sites), and CH4 (Site WG-R). 
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Table 6.29 

Correlation matrix for data recorded at Site E-R. 



Table 6.30 
Correlation matrix for data recorded at Site WG-R. 

CO 

NO 0.898 

N02 0.874 0.893 

NOx 0.907 0.951 

0 3 -0.638 -0.762 -0.784 -0.792 

S02 0.561 0.571 0.638 0.635 

NMHC 0.855 0.826 0.779 0.821 -0.534 
N 
VI CH4 0.234 0.267 0.297 0.302 -0.30. 0.386 +:-

THC 0.460 0.458 0.473 0.488 -0.403 0.502 0.560 

Traffic 0.533 0.386 0.248 0.307 -0.045 0.009 0.494 -0.008 



Table 6.31 
Correlation matrix for data recorded at Site E-C. 

co 

NO 0.939 

N02 0.909 

NOx 0.939 0.995 

0 3 -0.389 -0.499 -0.478 

NMHC 0.932 0.876 0.840 0.874 

N CH4 0.358 0.369 0.488 0.407 -0.220 VI 
VI 

THC 0.926 0.869 0.867 0.877 -0.419 0.957 

Traffic 0.522 0.442 0.445 0.449 -0.015 0.535 0.017 



Table 6.32 
Correlation matrix for data recorded at Site WG-C. 

co NO N02 NDx 0 3 S02 NMHC CH4 THC Traffic - Traffic - Traffic -
Northbound Southbound Total 

NO 0.860 

N02 0.880 

NOx 0.870 0.997 

0 3 -0.416 -0.594 -0.541 

S02 0.612 0.538 0.559 0.544 

tv NMHC 0.896 0.836 0.862 0.849 -0.485 VI 
0\ 

CH4 0.379 0.335 0.285 0.323 -0.445 -0.183 

THC 0.704 0.629 0.610 0.627 -0.530 0.126 0.718 

Traffic - Northbound 0.572 0396 0.448 0.415 -0.063 0.332 0.502 0.020 

Traffic - Southbound 0.535 0.483 0.518 0.496 -0.087 0.276 0.450 0.006 0.283 

Traffic - Total 0.616 0.528 0.571 0.544 -0.102 0.343 0.528 -0.037 0.325 0.812 



As expected, the correlations between the vehicular primary pollutants CO, NO and NMHC 

are positive and significant at each site. The relationship between the primary and the secondary 

pollutants and between individual secondary pollutants is more complex, as such relationships 

are complicated by factors which include variations in the hours of photo-activity, seasonal 

variations in the No-.N02 oxidation rate, import and export of gases to and from the site and 

meteorological conditions. 

6.10 Particulate concentrations recorded at the mobile laboratory 

6.10.1 Black smoke 

Black smoke concentrations were recorded at the mobile laboratory using an eight-port smoke 

sampler, as described in Section 4.3.5.1. Roadside black smoke concentrations at Ealing and 

Wood Green are displayed in Table 6.33. The values clearly show that concentrations were 

higher at the commercial sites where vehicle flow was highest and where there was a greater 

proportion of diesel vehicles. This observation is shown more clearly in Figures 6.17 and 6.18, 

which display the mean daily black smoke concentrations for both sites at each location. The 

disparity between sites is most evident at Wood Green, where black smoke concentrations at 

the commercial site were typically 3-4 times higher than at the residential site. In addition, the 

highest median black smoke concentrations were recorded at Site WG-C, which had the highest 

vehicle flow and greatest proportion of diesels of the 4 sites. At each site, the lowest mean 

daily value was recorded on Sundays when the daily traffic density was at its lowest. 

Table 6.33 
Black smoke concentrations recorded at the mobile laboratory (p,g/m3). 

I Site II N II Median I Arithmetic mean I Standard deviation I 
E-R 59 18.0 18.3 6.8 

E-C 39 30.0 30.6 14.7 

WG-R 80 16.0 20.5 13.6 

WG-C 35 71.0 69.5 22.2 

The roadside concentrations shown in Table 6.33 are much higher than typical UK smoke 

values recorded using the same apparatus at rooftop level. This observation may indicate: 

• the strong influence of diesel vehicle emissions on black smoke concentrations at street 

level, or 
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• the extreme 'blackness' of the diesel particles, which may cause an over-estimation of 

roadside black smoke concentrations using the reflectance technique. The calibration 

curves and equations for quantitative black smoke determination using this method were 

originally obtained using coal smoke as reference material. 

It is possible that both the above factors contributed to the higher than usual black smoke values 

recorded roadside at Ealing and Wood Green. 

6.10.2 Total suspended particulates 

Total suspended particulates were collected over 3 time periods at each of the 4 sites; morning 

(06:00-10:00), evening (16:00-20:00) and daily (00:00-24:00). The morning and afternoon 

collection periods usually coincided with peak traffic periods at the 4 sites. A summary of the 

particulate concentrations characterised at each site is displayed in Table 6.34. 

Table 6.34 
TSP concentrations recorded at the mobile laboratory (p,g/m3

). 

Time period N Median Arithmetic mean Standard deviation 

Site E-R 

06:00 - 10:00 11 55.2 114.7 211.8 

16:00 - 20:00 12 42.6 129.5 302.9 

24 hours 12 35.6 37.3 12.5 

Site E-C 

06:00 - 10:00 14 61.2 53.9 26.5 

16:00 - 20:00 16 75.8 77.2 33.0 

24 hours 13 51.6 61.6 35.8 

Site WG-R 

06:00 - 10:00 22 33.2 42.7 32.5 

16:00 - 20:00 23 28.8 34.1 24.0 

24 hours 23 29.8 41.5 29.9 

Site WG-C 

06:00 - 10:00 11 65.4 75.0 9.1 

16:00 - 20:00 12 55.8 60.4 4.0 

24 hours 11 52.4 56.7 4.2 
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Median TSP levels recorded during peak traffic periods are typically higher than daily values, 

with the exception of Site WG-R, where the 3 median values were aritlimetically close together. 

The high mean values obtained at Site E-R result from two exceptionally high TSP values on 

the 24th and 25th of April 1991; which produces a highly skewed data set and distorts the 

figures. The strong influence of these outliers illustrates that median values are better measures 

of central location than mean values for non-normal data. 

The roadside TSP values displayed in Table 6.34 are slightly lower than those previously 

recorded at similar (busier) London sites (McCrae, 1991), but within typical urban ranges (see 

Table 3.3). 

6.11 Particulate concentrations recorded by local authorities 

Black smoke concentrations recorded at local authority sites, summarised in Table 6.35, were 

obtained using 8-port smoke samplers generally situated at r~oftop level. The black smoke 

levels displayed in Table 6.35 were much lower than the roadside values obtained at Wood 

Green and Ealing, but typical of current UK ambient air concentrations (see, for example, 

QUARG, 1993a). Comparative data for residential and commercial areas was only available 

at Edinburgh and Sheffield, where TSP concentrations at commercial sites were 1.5-2 times 

higher than at residential sites. Black smoke concentrations in UK towns and cities are 

generally quite low because of the presence of legally enforcable smokeless zones in urban 

areas. 

Table 6.35 
Daily black smoke concentrations recorded by 8-Port at Local Authority Sites (p.g/m3). 

!I Site I Sampling period Median Arithmetic mean Standard deviation 

B-R Feb - March 1993 5 6 4 

Card-R Jan - May 1993 10 12 9 

Cov-RC Jan - March 1993 5 7 6 

Ealing' Feb - July 1991 9 11 7 

Edin-R Jan - May 1993 3 5 5 

Edin-C Jan - May 1993 7 8 6 
, 

S-R Jan - May 1993 6 8 7 

S-C Jan 7 May 1993 9 13 11 

, Values recorded in Percival House, Uxbridge Rd, W5, close to the Ealing Commercial site. 
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PM10 concentrations recorded at the EUN sites in Birmingham, Cardiff and Edinburgh are 

displayed in Table 6.36. The mean values are similar to figures previously recorded at these 

(and other UK) sites (QUARG, 1993a). This data shows the same trend as that displayed in 

Table 6.35, as both the smoke and PMlO figures were higher in Cardiff than in Birmingham 

and Edinburgh. Despite the recent concern over urban particulate levels, there are currently no 

UK air quality guidelines for PMlO levels to compare with this data, although the values fall 

well below the US EPA annual mean guideline of 50 JLg/m3
• 

Table 6.36 
PMlO concentrations recorded at EUN sites (p.g/m3

). 

IEUN Site I Arithmetic mean I Standard deviation I 
Birmingham 27.5 18.1 
Cardiff 31.2 20.5 
Edinburgh 22.5 12.7 

6.12 Statistical summaries of particulate concentrations 

Summary statistics of the particulate concentrations recorded at the selected sites are displayed 

in Tables 6.37-6.39. In general, the quartiles become progressively larger, indicating that the 

distributions are skewed right, although this trend is not as marked as that displayed by the 

gaseous pollutants (fables 6.21-6.28). Unsurprisingly, the median (50th percentile) values were 

higher at commercial sites (where there were more people and traffic) than at residential sites. 

However, the maximum TSP values were recorded at Site E-R, indicating the potential 

importance of other sources (eg wind-carried dust) of particulates. 

Table 6.37 
Statistical summary of black smoke concentrations recorded at the mobile laboratory. 

I Site II I I 
Percentiles 

I I N Min 25 I 50 I 75 Max 

Site E-R 59 6 14 18 23 42 
Site E-C 39 10 18 30 40 77 
Site WG-R 80 6 10 16 27 58 
Site WG-C 35 22 59 71 90 103 
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Table 6.38 
Statistical summary of TSP concentrations recorded at the mobile laboratory. 

-

I Time period ! I I I I 
Percentiles 

N Min I I Max 
25 50 75 

Site E-R 

06:00 - 10:00 11 26.9 34.4 55.2 74.9 750.3 

16:00 - 20:00 12 24.1 34.4 42.6 54.7 1090.8 

24 hourS 12 21.4 25.3 35.6 47.5 57.7 

Site E-C 

06:00 - 10:00 14 12.0 30.0 61.2 67.5 105.0 

16:00 - 20:00 15 26.1 51.7 75.8 94.3 146.2 

24 hours 14 23.2 29.8 51.6 72.8 121.3 

Site WG-R 

06:00 - 10:00 22 15.2 24.8 33.2 47.9 149.9 

16:00 - 20:00 23 10.8 19.8 28.8 36.3 131.4 

24 hours 23 14.3 27.3 29.8 40.3 134.7 

Site WG-C 

06:00 - 10:00 11 42.6 50.8 65.4 88.7 148.3 

16:00 - 20:00 12 39.4 50.6 55.8 72.8 84.7 

24 hours 11 40.2 45.1 52.4 71.6 80.6 

Table 6.39 
Statistical summary of PM lO concentrations recorded by local authorities. 

~I I Mm I Percentiles I I N I I Max 
25 50 75 

Birmingham 3186 0 15 23 35 160 

Cardiff 3524 0 17 26 41 280 

Edinburgh 3753 0 14 20 29 89 
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Chapter 7 

The Relationship between Traffic Nuisance and Air Quality 

7.1 Introduction 

One of the primary aims of this research was to quantify the subjective impact of traffic 

nuisance on the general public. In order to achieve this goal, the data from the public opinion 

surveys (presented in Chapter 5) needs to be combined with the air quality data (presented in 

Chapter 6) to see if any relationship exists between the two types of variable. In this chapter, 

an examination of the data using graphical methods is presented. From this initial analysis, 

pollutants which display a correlation with nuisance are identified and the relationships are 

examined statistically. At the end of the chapter, a method for estimating public nuisance from 

vehicle-derived air pollution is presented. 

7.2 Investigation of the relationship between traffic nuisance and air quality 

This data analysis considers only the relationship between the disturbance score for a specific 

nuisance and individual pollutant concentrations, thus ignoring the influence of social and other 

factors. The analysis was divided into 5 sections: 

• outdoor disturbance froni vehicle-derived smoke, fumes and odour 

• outdoor disturbance from vehicle-derived dust and dirt 

• indoor disturbance from vehicle-derived smoke, fumes and odour 

• indoor disturbance from vehicle-derived dust and dirt 

• sensitivity to air pollution 

Air quality information was not available for every pollutant at each site, and therefore only 

certain pollutants could be used for the analysis. For these selected pollutants, the mean (or 

median) pollutant concentrations recorded over the sampling period were plotted against the 

mean disturbance scores for each site and respondent type. This straightforward graphical 

investigation was however complicated by a number of factors: 

• The air quality data was recorded by different authorities using the same and/or 

different monitoring techniques. To aid interpretation, the different sources of data are 

displayed on the graphs using suitable symbols. 

• The pollutant concentrations used may not give a wholly accurate indication of the 

pollution exposure of the respondents. For example, some respondents may be 

regularly exposed to elevated concentrations of CO because of the proximity of their 
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home/workplace to a road, their occupation (eg taxi driver, traffic warden) and/or their 

personal habits (eg smoking). Modelling the individuals' pollutant exposure was not 

considered appropriate since: 

1) models only exist for a small number of pollutants; 

2) insufficient data were collected for such analyses. 

However, it is considered that the pollutant concentrations utilised are reasonably 

representative of the sample population's exposure to typical urban background 

pollutant levels (EUN and local authority data) and kerbside values (MU data) at each 

location. 

• At each site there were two types of respondent (pedestrian and business at commercial 

sites; pedestrian and household at residential sites). For outdoor disturbance, this 

results in 2 data points for some pollutants at each site. This situation does not arise 

for indoor disturbance since pedestrians were not asked this question. 

7.3 Outdoor disturbance from vehicle-derived smoke, fumes and odour 

Scatterplots displaying the relationships between the outdoor disturbance scores from smoke, 

fumes and odour and the pollutants CO, N02, S02' and 0 3 are illustrated in Figures 7.1-7.4 

respectively. If we ignore the data obtained from the MU roadside sites, Figures 7.1-7.3 

generally show disturbance scores of 3-4 (moderately to very bothered) when pollutant 

concentrations ranged from 0.4-0.6 ppm (CO), 20-30 ppb (NO:z) and 6-17 ppb (SO:z). These 

concentration ranges are typical for urban background sites in the UK (QUARG, 1993a). The 

pollutant concentrations recorded at roadside locations by MU were in excess of these ranges 

and no marked increase in disturbance scores was apparent. 

The scatterplot for 0 3 displayed in Figure 7.4 is more complex. The respondents at all the sites 

typically recorded disturbance scores of 3.3-4.0 over a wide range of 0 3 concentrations. The 

0 3 levels recorded at EUN sites covered a narrow range which probably reflects the careful site 

selection employed by DoE for these urban background sites. The OPSIS data were more 

varied due to the differing monitoring heights etc. As expected, the roadside 0 3 concentrations 

were lower than those recorded at other sites due to atmospheric chemical reactions with NO 

(see Section 3.9). These discrepancies highlight the difficulties of data interpretation when using 

information from different sources. 

However, some conclusions may be drawn from the data displayed in Figures 7.1-7.4. 

Moderate to high disturbance from smoke, fumes and odour was generally recorded at pollutant 

concentrations which are usual for urban background locations in the UK. This is an important 
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Figure 7.1 
Scatterplot showing the relationship between outdoor disturbance from vehic1e-derived 

smoke, fumes and odour and mean CO concentrations. 
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Figure 7.2 
Scatterplot showing the relationship between outdoor disturbance from vehic1e-derived 

smoke, fumes and odour and mean NOz concentrations. 
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Figure 7.3 
Scatterplot showing the relationship between outdoor disturbance from vehicle-derived 

smoke, fumes and odour and mean S02 concentrations. 
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Figure 7.4 
Scatterplot showing the relationship between outdoor disturbance from vehicle-derived 

smoke, fumes and odour and mean 0 3 concentrations. 
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observation since some members of the public may be exposed to these pollutant concentrations 

for significant periods of time in urban areas. If this data may be extrapolated to the UK as a 

whole, it suggests that large numbers of people may be significantly disturbed outdoors by 

vehicle-derived smoke, fumes and odour at current UK pollutant levels. 

No correlation between outdoor disturbance from smoke, fumes and odour and gaseous 

pollutant concentrations is apparent from the information displayed in Figures 7.1-7.4. 

However, this observation is not precise: 

• No extreme (ie low or high) mean pollutant concentrations were recorded at the urban 

background (BUN) sites. It is possible that the public would complain more (or less) 

about outdoor smoke, fumes and odour if they were exposed continuously to higher (or 

lower) urban background pollutant concentrations. It is extremely difficult to interpret 

the graphs without knowing the public's reaction to extreme situations. 

• Interviewing respondents at the roadside (where the MU recorded pollutant 

concentrations are much higher than those recorded at EUN sites) does not appear to 

significantly influe.nce the reported disturbance scores. This may suggest: 

i) That the public may base their annoyance upon their experience of typical local air 

quality rather than transient exposure to elevated roadside pollutant concentrations. 

For this hypothesis, it would probably be better to use urban background data in 

preference to roadside values. 

ii) That the public's response assesses nuisance for a particular environment. For 

example, exposure to concentration X at the side of a road generates littie 

disturbance because at this location the public expects a certain amount of 

annoyance. However, exposure to concentration X when sitting on the beach would 

generate much more disturbance because here the expectation of air quality is 

higher. For this hypothesis, short-term exposure to elevated pollutant 

concentrations may be important. 

The scatterplot displaying the relationship between outdoor disturbance from smoke, fumes and 

odour and black smoke (as measured by BS1747, Part 2, 1969) is shown in Figure 7.5. If only 

the data collected by local authorities is considered, disturbance scores of 3 .3-4.0 were reported 

(with 2 exceptions) when black smoke concentrations ranged from 3-10 p,g/m3. The black 

smoke concentrations recorded roadside were much higher than typical urban background 

values (see discussion in Section 6.10.1), and as noted previously, no marked increase in 

disturbance scores is apparent. This again supports the use of pollutant concentrations to which 
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the public are typically exposed rather than elevated roadside values in this type of research. 

Figure 7.6 uses only the information supplied by local authorities. The graph suggests a slight 

increase of disturbance score with increases in black smoke concentrations. In order to predict 

the disturbance score from the recorded black smoke concentrations, the regression equation 

for the data in Figure 7.6 was calculated to be: 

ODSFO = 3.03 + (0.0504 x S) (R2 = 3.3%) Equation 7.1 

where: 

ODSFO = outdoor disturbance score from vehicle-derived smoke, fumes and odour 

S = black smoke concentration in p.g/m3 

Since regression analysis is concerned with investigating the relationship between variables in 

the presence of random error, it is important to test how well the model fits before any data 

interpretation is attempted. The values displayed in Table 7.1 indicate reasonable agreement 

between the observed and estimated values of disturbance score, although the narrow range of 

estimated values reflects the small value of the constant in Equation 7.1 and the narrow range 

of observed black smoke concentrations. 

I 

Table 7.1 
Observed and estimated outdoor disturbance scores from vehicle-derived smoke, fumes and 

odour. 

I Black smoke Observed disturbance Estimated disturbance 
Site . concentration (p.g/m3

) score score 

- o· - 3.0 
Edin-R 3 2.0 3.2R 
Edin-R 3 3.3 3.2 

B-R 5 3.3 3.3 
Cov-RC 5 3.3 3.3 

B-R 5 4.0 3.3 
Cov-RC 5 3.6 3.3 

S-R 6 3.3 3.3 
S-R 6 3.3 3.3 

Edin-C 7 4.0 3.4 
Edin-C 7 3.7 3.4 

S-C 9 4.0 3.5 
S-C 9 1.9 3.5R 

C-R 10 3.7 3.5 
C-R 10 3.4 3.5 

- 60· - 6.0 

I • Hypothetical smoke value R Large residual. 
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Figure 7.5 
Scatterplot showing the relationship between outdoor disturbance from vehicle-derived 

smoke, fumes and odour and median black smoke concentrations. 
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Scatterplot showing the relationship between outdoor disturbance from vehicle-derived 
smoke, fumes and odour and median black smoke concentrations (local authority only). 

269 



An examination of the residuals (the deviations between the observed and fitted values) suggests 

that the model is acceptable. However, an ANOVA procedure provides no evidence at the 5% 

level to support the significance of the regression relationship. Combining the 95 % confidence 

intervals (CI) for disturbance score (± 1.0) with the 95% CI for black smoke concentration 

(± 0.1) indicates that there is likely to be a wide variation in disturbance score for a small 

variation in black smoke concentration. This highlights the lack of extreme values of both 

disturbance scores and urban background black smoke levels. Thus, there is no strong evidence 

to support Equation 7.1 and the suggestion of a linear relationship between disturbance score 

and black smoke concentration must be viewed with considerable uncertainty. 

However, if it is assumed that the relationship described by Equation 7.1 is correct, then for 

a black smoke concentration of 0 p,g/m3, the equation estimates a disturbance score of 3 

(moderate disturbance). This estimate may suggest that at typical urban black smoke 

concentrations, factors other than actual air pollution levels have a strong influence on public 

nuisance from smoke, fumes and odour. A hypothetical smoke concentration of 60 p,g/m3 

would give an estimated disturbance score of 6.0, the maximum value possible on the 7-point 

scale. This is not an unr.easonable situation, since recently recorded UK urban background 

black smoke concentrations have peaked at about 40 p,g/m3 (QUARG, 1993a). However, this 

evidence is not supported by data from Site WG-C (roadside), where a disturbance score of 4.0 

was recorded at a black smoke concentation of 71 p,g/m3 .. 

7.4 Outdoor disturbance from vehicle-derived dust and dirt 

The relationship between the outdoor disturbance scores for dust and dirt and the pollutants 

CO, N02, S02' 0 3 and smoke are illustrated in Figures 7.7-7.11. The graphs are similar to 

those displayed in Figures 7.1-7.5, although the disturbance scores were slightly lower and the 

range was slightly wider. With 2 exceptions, the non-roadside data shown in Figures 7.7-7.10 

display disturbance scores of 2.8-4.0 when pollutant concentrations ranged from 0.4-0.6 ppm 

(CO), 20-30 ppb (NOz) and 6-17 ppb (SOz). These data indicate that the public report moderate 

- high disturbance from outdoor dust and dirt at typical UK urban background pollutant 

concentrations. The scatterplot for 0 3 (Figure 7.10) shows the similar complex pattern 

discussed in Section 7.3 and no clear correlation between outdoor disturbance from dust and 

dirt and the gaseous pollutant concentrations is visible. 

The graph shown in Figure 7.12, which uses only local authority data, indicates a slight 

increase of disturbance score with increasing black smoke concentrations. The regression 

equation for this relationship was calculated to be: 
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where: 

ODDID = 2.46 + (0.0786 x S) (R2 = 6.5%) 

ODDID = outdoor disturbance score from vehicle-derived dust and dirt 

S = black smoke concentration in p,g/m3 

Equation 7.2 

As in Section 7.3, the data shown in Table 7.2 suggest reasonable accord between the observed 

and estimated values of disturbance score. An analysis of the residuals suggests that the model 

is adequate, although an ANOV A procedure provides no evidence at the 5 % level to support 

the significance of the regression relationship. Combining the 95% CI for disturbance score (± 

1.0) with the 95% CI for black smoke concentration (± 0.1) implies that there is likely to be 

a wide variation in disturbance score for a small variation in smoke concentration. There is 

therefore no strong statistical evidence to support Equation 7.2. 

Table 7.2 
Observed and estimated outdoor disturbance scores from dust and dirt. 

I 
I Black smoke Observed disturbance Estimated disturbance 

Site concentration (p.g/m3) score score 

- 0- - 2.5 
Edin-R 3 2.8 2.7 
Edin-R 3 1.5 2.7 

B-R 5 3.0 2.8 
Cov-RC 5 2.9 2.8 

B-R 5 3.4 2.8 
Cov-RC 5 3.1 2.8 

S-R 6 2.8 2.9 
S-R 6 3.4 2.9 
E-R 7 3.8 3.0 
E-R 7 3.0 3.0 
S-C 9 3.9 3.2 
S-C 9 1.4 3.2R 

I 

C-R 10 3.4 3.2 
C-R 10 3.1 3.2 

I 
45- 6.0 ! - -

1,- Hypothetical smoke value R Large residual. 

With these uncertainties in mind, using a black smoke concentration of 0 p,g/m3 in Equation 

7.2 estimates a disturbance score of 2.5 (moderate disturbance), which as in Section 7.3, may 

imply that factors other than black smoke levels have a strong influence on outdoor public 

nuisance from dust and dirt at normal UK urban black smoke concentrations. However, the 
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maximum disturbance score (6.0) would be obtained at a hypothetical smoke concentration of 

45 Ilg/m3
, which is lower than the value predicted for maximum disturbance from outdoor 

smoke, fumes and odour. This is inconsistent with the observation that outdoor disturbance 

from smoke, fumes and odour is generally higher than that from dust/dirt (see Section 5.13) 

and illustrates both the uncertainties in the regression equations and the dangers of using 

extrapolated data for predictive purposes. 

7.S Indoor disturbance from vehicle-derived smoke, fumes and odour 

Scatterplots displaying the relationships between pollutant concentrations and the indoor 

disturbance scores from smoke, fumes and odour are illustrated in Figures 7.13-7.17. Ignoring 

the roadside (MU) data, Figures 7.13-7.15 show indoor disturbance scores of 1.2-3.3 (low to 

moderate disturbance) when outdoor pollutant concentrations ranged from 0.4-0.6 ppm (CO), 

20-30 ppb (NO~ and 6-17 ppb (SO~. The scatterplot for 0 3 (Figure 7.16) displays disturbance 

scores ranging from 1.7-3.3 (low to moderate disturbance) over a wide range of 0 3 levels (see 

discussion in Section 7.2.1). The only correlation between disturbance score and pollutant 

concentrations is observed in Figure 7.18, where a slight increase of disturbance score with 

increasing black smoke concentrations is indicated. 

The regression equation for this relationship was calculated to be: 

where: 

IDsFo = 0.998 + (0.129 x S) (R2 = 33.2%) Equation 7.3 

IDsFo = indoor disturbance score from vehicle-derived smoke, fumes and odour 

S = black smoke concentration in Ilg/m3 

The values displayed in Table 7.3 indicate moderate agreement between the observed and 

estimated values of disturbance score, although as in Sections 7.3 and 7.4 there is no statistical 

evidence to support the regression equation (Equation 7.3) at the 5% level. The 95% CI for 

disturbance score and black smoke concentration are ± 1.4 and ± 0.2 respectively. 

A low level of indoor disturbance from smoke, fumes and odour (1.0) is estimated when a 

black smoke concentration of 0 Ilg/m3 is used in Equation 7.3. This contrasts with the 

intercepts for outdoor disturbance estimated from Equations 7.1 and 7.2, and may reflect the 

public's reduced exposure to vehicle-derived air pollution when indoors. However, the 

maximum disturbance score (6.0) would be obtained at a hypothetical average smoke 
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concentration of 39 p.g/m3, which is lower than the value predicted for maximum disturbance 

from outdoor smoke, fumes and odour. Since the outdoor disturbance scores for smoke, fumes 

and odour were statistically significantly higher than those for indoor disturbance at all of the 

10 sites visited (see Section 5.7.2), this inconsistency may support the hypothesis that the 

public's response assesses nuisance for a particular environment (Section 7.3) and again 

emphasises the large uncertainties in the regression equations. 

Table 7.3 
Observed and estimated indoor disturbance scores from vehicle-derived smoke, fumes and 

odour. 

isturbance Estimated disturbance 
Site II concentration (ul!/m3) I score score 

1.0 
E-R 3 1.2 1.3 

Cov-RC 5 1.7 1.6 
B-R 5 1.8 1.6 

S-R 6 1.2 1.8 
Edin-C 7 2.7 1.9R 

S-C 9 2.3 2.2 
C-R 10 1.9 2.3 

39* - 6.0 II 

* Hypothetical smoke value R Large residual. 

7.6 Indoor disturbance from vehicle-derived dust and dirt 

The relationships between the indoor disturbance scores for dust and dirt and the selected 

pollutants are shown in Figures 7.19-7.23. These scatterplots display indoor disturbance scores 

of 1.3-3.5 (low to moderate disturbance) at typical urban background pollutant concentrations. 

No clear correlation between indoor disturbance from dust and dirt and the gaseous pollutant· 

concentrations is noticeable, although a slight correlation between disturbance score and black 

smoke concentrations is suggested in Figure 7.24. The regression equation for this relationship 

was calculated to be: 

where: 

IDD/D = 1.34 + (0.105 x S) (R2 = 24.0%) 

IDD/D = indoor disturbance score from vehicle-derived dust and dirt 

S = black smoke concentration in p.g/m3 
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Figure 7.22 Scatterplot showing the relationship 
between indoor disturbance from vehicle-derived 
dust and dirt and mean 0 3 concentrations. 
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Figure 7.20 Scatterplot showing the relationship 
between indoor disturbance from vehicle-derived 
dust and dirt and mean N02 concentrations. 
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Figure 7.23 Scatterplot showing the relationship 
between indoor disturbance from vehicle-derived 
dust and dirt and median smoke concentrations. 
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Figure 7.21 Scatterplot showing the relationship 
between indoor disturbance from vehicle-derived 
dust and dirt and mean S02 concentrations. 
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Figure 7.24 Scatterplot showing the relationship 
between indoor disturbance from vehicle-derived 
dust and dirt and median smoke concentrations 
(local authority data only). 



The data shown in Table 7.4 suggest only moderate agreement between the observed and 

estimated values of disturbance score, and as in previous Sections there is no statistical 

evidence to support the regression equation (Equation 7.4) at the 5% level. The 95% CI for 

disturbance score and smoke concentration are ± 1.5 and ± 0.2 respectively. 

Using a black smoke concentration of 0 p,g/m3, Equation 7.4 estimates a disturbance score of 

1.3 (low disturbance), a similar trend to that described in Section 7.5. The maximum 

disturbance score (6.0) would be obtained at a theoretical black smoke concentration of 45 

p,g/m3, the same value predicted to cause maximum disturbance outdoors. 

Table 7.4 
Observed and estimated indoor disturbance scores from vehicle-derived dust and dirt. 

I 
I Black smoke Observed disturbance Estimated disturbance 

Site . concentration (p.g/m3
) score score 

- 0* - 1.3 
Edin-R 3 1.5 1.6 
Cov-RC 5 1.9 1.9 

B-R 5 2.1 1.9 
S-R 6 1.3 2.0R 

Edin-C 7 2.9 2.1R 
S-C ·9 2.2 2.3 
C-R 10 2.2 2.4 

I 

- 45* - 6.0 
I 

I *. Hypothetical smoke value R Large residual. 
I 

7.7 Sensitivity to air pollution 

Scatterplots displaying the relationships between pollutant concentrations and the public's 

reported sensitivity to air pollution are illustrated in Figures 7.25-7.30. The graphs show 

sensitivity scores of 1.3-3.8 (low to moderate sensitivity) at typical urban background pollutant 

concentrations. No significant increases in the reported sensitivity scores are apparent at 

roadside locations with higher recorded pollutant concentrations and no correlation between 

sensitivity to air pollution and pollutant levels is evident from the data displayed in Figures 

7.25-7.30. However, the discussion presented in Section 7.3 is also relevant to these data. 

7.8 Prediction of traffic nuisance from air quality data 

The data presented in Sections 7.3-7.7 suggests that the public experiences significant outdoor 

disturbance from vehicle-generated dust/dirt and smoke, fumes and odour at pollutant 

concentrations typical of UK urban background locations. Indoor disturbance is generally low 
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to moderate at these pollutant values. In addition, the data presented in Sections 7.3-7.7 

indicates that there is no observable correlation between reported disturbance from vehicle­

derived pollution and measured concentrations of gaseous pollutants in urban areas. This 

contradicts previous research by NTNF in Norway (see Section 2.3.1), whose research 

suggested an almost linear relationship between calculated CO levels and annoyance. However: 

• NTNF's graph incorporates CO values which were estimated by means of a 

modelrather than actual measured values; 

• NTNF estimated maximum CO concentrations for individual homes and plotted these 

figures against disturbance. The CO values utilised were much higher than those 

typically encountered in urban areas in the UK. Data from this research, presented in 

Figures 7.31-7.34, suggests that there is no correlation between measured maximum 

CO concentrations and traffic nuisance. This is supported by the observation that 

interviewing respondents at roadside locations does not significantly influence the 

reported disturbance scores. 
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Figure 7.31 Scatterplot showing the relationship 
between outdoor disturbance from vehicle­
derived smoke, fumes and odour and maximum 
CO concentrations. 
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Figure 7.33 Scatterplot showing the relationship 
between indoor disturbance from vehicle-derived 
smoke, fumes and odour and maximum CO 
concentrations. 
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Figure 7.32 Scatterplot showing the relationship 
between outdoor disturbance from vehicle­
derived dust and dirt and maximum CO 
concentrations. 
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• The pollutant concentrations recorded at all sites were below the levels suspected to 

cause irritant effects to the public (see Sections 3.6-3.12). 

A weak correlation between smoke concentrations and disturbance score was implied by the 

data presented in Figures 7.6, 7.12, 7.18 and 7.24. Regression equations to predict disturbance 

score from urban background smoke concentrations have been calculated (Equations 7.1-7.4) 

and the uncertainties discussed. This information is displayed graphically in Figures 7.35-7.38. 

However, considerable care must be exercised if these graphs are used to predict nuisance. The 

95 % CI for these data were very wide, typically 2 and 3 units of disturbance score for outdoor 

and indoor disturbance respectively. Only a limited range of black smoke concentrations were 

recorded (maximum 10 p,g/m3
), so that disturbance at high black smoke concentrations has to 

be predicted using extrapolated data. It has already been demonstrated that inconsistent 

information can be obtained when using the extrapolated region of the graph (see Sections 7.3-

7.5). All the graphs predict very high disturbance scores at background black smoke . 

concentrations of approximately 40 p,g/m3. In reality this may not be true - people exposed 

regularly to this level of smoke pollution are likely to become 'acclimatised', so that 

expectations of air quality are lowered, resulting in lower than predicted disturbance scores. 

The graphs also estimate that at· black smoke concentrations of 0 p,g/m3 outdoor disturbance 

from vehicle-derived pollutants would be moderate, while indoor disturbance would be very 

low. This suggests that factors other than actual air pollution levels have a strong influence on 

public nuisance from vehicular sources. Some of these factors may be related to the actual 

presence of road traffic in the vicinity of the public. Previous research has suggested a 

relationship between traffic levels and irritantlhealth effects (Whitelegg et ai, 1994; Aas et ai, 

1991; Morton-Williams et ai, 1978), although the derived relationships are far from conclusive. 

Factors such as danger, noise, severance, perceived damage to human health and the 

environment from air pollution and local/national media coverage may also be influential. 

However, there are many non-traffic related factors which may have an influence on subjective 

nuisance effects. The data presented in Chapter 5 has demonstrated that th~re can be significant 

differences in disturbance between locations, between females and males and between different 

age groups. No significant differences in annoyance were recorded between smokers/non­

smokers. The distance of a person's home/workplace from a road did not appear to influence 

their reported disturbance in urban areas. Many other potentially significant considerations, 

such as the overall health and personal experiences/circumstances of the respondents, mobility 

requirements, awareness of environmental issues and personal exposure to pollution were not 
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measured for logistical reasons. These factors will be exceptionally difficult, time-consuming 

and costly to identify and will probably be site specific. Thus, regression equations 

incorporating such factors will be extremely difficult to create and may not result in 

improvements in the accuracy of nuisance prediction. 

In summary therefore, no significant evidence of a direct link between public nuisance and 

measured pollutant concentrations has been found. A weak correlation between urban 

background black smoke concentrations and nuisance has been identified and regression 

equations have been calculated. However, estimates of annoyance at smoke concentrations 

above 10 p.g/m3 must be regarded as uncertain in the absence of confirmative data. In addition, 

the research indicates that although actual levels of pollution may play a part in influencing 

public annoyance from vehicle-derived pollution, other factors, which may be numerous and 

difficult to quantify, are likely to be more significant considerations. 

If time allows, more accurate information may be obtained through the use of the questionaires 

described in Chapter 5 and included in Appendix A. This will give the researcher an overview 

of the respondents' opinions of vehicle-derived air pollution in their area. To evaluate the 

overall annoyance from each of the individual vehicle-derived nuisances, the index displayed 

in Table 7.5 is suggested. 

Table 7.S 
Index for the evaluation of nuisance from vehicle-derived pollution. 

I Mean disturbance score I Magnitude of disturbance I 
0.0 - 2.0 low disturbance 

2.1 - 3.0 low to moderate disturbance 

3.1 - 4.0 moderate to high disturbance 

4.1-6.0 high disturbance 

Using this index, the magnitude of disturbance from the various vehicle-derived nuisances in 

the Edinburgh area is displayed in Table 7.6. For comparison, disturbance from the various 

vehicle-derived nuisances in Edinburgh has been estimated using Equations 7.1-7.4 and the 

index illustrated in Table 7.5. The results, displayed in Table 7.7, show reasonable agreement 

with the observed disturbance reported in Table 7.6. 
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Table 7.6 
Magnitude of disturbance of nuisance from vehicle-derived pollution in Edinburgh. 

I Magnitude of disturbance I 
Residential area Commercial area 

Nuisance effect 
Pedestrians Householders Pedestrians Commercial 

Outdoor smoke, low moderate to high moderate to high moderate to high 
fumes and odour 

Outdoor dust and low moderate to high moderate to high moderate to high 
dirt 

Indoor smoke, - low low to moderate -
fumes and odour 

Indoor dust and - low low to moderate -
dirt 

Table 7.7 
Estimated disturbance of nuisance from vehicle-derived pollution in Edinburgh. 

Estimated disturbance 

Residential area Commercial area 
Nuisance effect 

Pedestrians Householders Pedestrians Commercial 

Outdoor smoke, moderate to high moderate to high moderate to high moderate to high 
fumes and odour 

Outdoor dust and low to moderate moderate to high moderate to high moderate to high 
dirt 

Indoor smoke, - low low -
fumes and odour 

Indoor dust and - low low to moderate -
dirt 
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Chapter 8 

Conclusions and Recommendations 

8.1 Introduction 

The UK Department of Transport currently recommends an assessment of the environmental 

effects of any new road scheme. One of the main considerations of this environmental appraisal 

is the amount of air pollution likely to be generated by motor vehicles. The existing appraisal 

concentrates on the emission and roadside concentrations of those regulated pollutants which 

are potentially harmful to the health or well-being of human, animal or plant life, or to 

ecological systems. 

However, vehicle emissions, especially those from diesel vehicles, also cause a number of 

aesthetic and nuisance problems, such as visibility reduction, urban soiling and physical 

irritation. Currently, the Department of Transport's assessment scheme does not include 

detailed methodology for the evaluation of public nuisance from vehicle-derived pollution. This 

research project has investigated the subjective nuisance effects of air pollution from road 

traffic on the public through the simultaneous measurement of public attitudes and opinions 

towards vehicle-generated nuisance and air quality in residential and commercial areas. A 

methodology for predicting public nuisance from vehicle-derived air pollution has been created 

from the results of this study.· 

8.2 Vehicle pollutants contributing to public nuisance 

A review of the sources and effects of air pollution, provided in Chapter 3, identifies carbon 

monoxide, nitrogen oxides, volatile organic compounds and particulates as the most important 

vehicular pollutants. Within the UK, emissions from road traffic have increased markedly 

because of the rapid growth in vehicle numbers and the increasing distances travelled by 

vehicles. This phenomenon has resulted in increased concern about air quality, especially in 

urban areas, and the introduction of stringent exhaust emission legislation. The new legislation, 

introduced into the UK in 1993, effectively forced new petrol vehicles to be fitted with catalyst 

technology in order to meet reduced emission limits. It is predicted that significant reductions 

(80-90% from 1992 values) in emissions from petrol vehicles will result from the introduction 

of exhaust emission controls. Consequently, there will be a reduction in the total vehicular 

contribution to national emissions, although this may be negated in the future by growth in the 

vehicle fleet. 

However, the same catalyst technology cannot be fitted to diesel vehicles because of their 

285 



different operating characteristics. Consequently, the relative contribution of the diesel fleet to 

total vehicular emissions is likely to increase as a result of catalyst technology for petrol 

vehicles and the growing popularity of diesel vehicles. This is particularly significant, since in 

the view of the Quality of Urban Air Review Group (1993b), 'an increased market penetration 

of diesel cars at the expense of three-way catalyst petrol cars will have a deleterious effect on 

urban air quality.' Urban air quality has become a high profile media issue and as such is likely 

to have a significant impact on the public's perception of vehicle-derived air pollution. 

Particulates have been identified as the major contributor to public nuisance from air pollution 

since they contribute to every category of nuisance effects. Emissions from diesel vehicles 

make a significant contribution to particulate pollution in urban areas since they are the major 

source of black smoke in the UK and are responsible for over 90% of total PEC emissions. 

Diesel vehicles are therefore more likely to be associated with nuisance effects than petrol 

vehicles. This clearly has implications for future air quality given the substantial recent increase 

of diesel vehicles in the new car fleet. 

The concentrations of VOCs and 0 3 may cause some public nuisance through their 

contributions to photochemical smogs, odour and physical irritation, but urban concentrations 

of CO, NOx and S02 are unlikely to contribute significantly to nuisance levels. 

8.3 Monitoring of air quality 

Air quality monitoring at all of the sampling sites was performed using procedures 

. recommended by the relevant monitoring authorities. The use ofTRL's state-of -the-art mobile 

laboratory allowed comprehensive measurements of air quality to be made at four roadside sites 

within the London area. The siting of the laboratory at kerbside locations allowed 

measurements to be made of typical roadside air quality in urban commercial and residential 

areas. Large data sets were generated through the use of continuous analysers allowing a 

comprehensive assessment of air quality at each site. 

To provide realistic comparisons of pollutant concentrations at the different sites, statistical 

summaries of the data were produced. Air pollution values recorded at these locations were 

similar to those recorded previously at comparable sites, with concentration values of the major 

vehicular pollutants being higher at the commercial sites characterised by higher traffic 

densities. Positive and significant correlations were recorded between traffic flow and the major 

vehicular primary pollutants of CO, NO and NMHC at all sites. The NOiNOx ratios were 

markedly lower at the commercial sites, reflecting the lack of available 0 3 for N()-.N02 

286 



conversion. Atypically, a significant correlation between traffic flow and SOz levels was 

recorded at Site WG-C. This observation, and the unusually high mean SOz and smoke 

concentrations recorded at Site WG-C, probably reflected the high percentage of diesel vehicles 

operating at this site. 

According to the DoE's public information criteria, the air quality at all four roadside locations 

was typically 'very good' for S02 and 0 3 , but sometimes 'poor' for NOz, especially at Site 

WG-C. This particular example of regularly elevated roadside NOz concentrations raises the 

question of the siting of pollutant monitoring stations. The Department of the Environment has 

sited its EUN sites at urban background locations. The findings of this research suggest that 

there is a need for a limited amount of roadside monitoring in order to estimate the pollutant 

exposure of particularly vulnerable occupation groupings· such as drivers of public 

transportation, traffic wardens/police and construction workers. Pollutant concentrations 

recorded using EUNlDoE monitoring stations showed that air quality was generally very good 

during the monitoring periods. 

The time series analyses provided visual evidence to support the observed correlations between 

primary vehicular pollutants and traffic flow data. This type of analysis also allows the 

identification of time periods when pollutant concentrations are at their peak and assists in the 

identification of pollutant sources during unexpected pollution events. The time series graphs 

also vividly display the inverse relationship that exists between N02 and 0 3 peaks in urban 

areas and highlight the importance of meteorological conditions and imported plumes of 

pollution on urban pollutant concentrations. 

Urban concentrations of extremely reactive and volatile carbonyl compounds were reported 

using derivatization techniques. The employed methodology for sampling, extraction and 

quantitative analysis worked effectively but was time consuming and labour intensive. Because 

derivatisation techniques were utilised, the accuracy of the technique is difficult to assess. 

Black smoke concentrations recorded at the four roadside sites were much higher than those 

typically recorded at rooftop level in the UK. This observation may indicate the strong 

influence of diesel vehicle emissions on roadside black smoke concentrations and/or the 

extreme 'blackness' of diesel particles. The latter explanation would suggest an over-estimation 

of roadside smoke concentrations. The values ofTSP recorded at these sites were within typical 

UK urban ranges. Median concentrations of both black smoke and TSP were higher at 

commercial sites than at residential sites. 
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8.4 Public attiudes to air pollution from road vehicles 

The main objective of this research was to develop a methodology to investigate the subjective 

nuisance effects of air pollution from road traffic on the public. This methodology has been 

developed and tested at 7 locations in the UK. The data clearly indicates that air pollution from 

road traffic was an issue of high relative importance to the public when compared to other 

social issues,with global environmental issues also quite highly ranked. This finding is in 

agreement with two other recent surveys carried out on behalf of the DoE (DoE, 1994; 

Hedges, 1994). Comparison of these results with previous surveys by the DoE (1986, 1989) 

suggests that concern about environmental issues has been maintained despite four years of 

recession, during which period environmental issues would have been expected to have a lower 

priority. This indicates that concern for the environment is now an established social issue 

rather than a transient preoccupation. In general, there was good agreement between the three 

surveys where similar questions were asked, suggesting that questionnaires, properly designed 

and implemented, can give reproducible results and act as an accurate barometer of public 

opinion. 

Local environmental issues were generally of relatively low priority compared to other major 

social issues,although traffic-related nuisances were very important local environmental 

nuisances, with the physical presence of road traffic and its associated smoke, fumes and odour 

being particularly important.. Concern about traffic exhaust fumes has consistently risen over 

the last 8 years and traffic congestion and pollution is predicted by the publicto be their greatest 

environmental concern in 20 years time (DoE, 1994). 

Indoors, noise from road traffic was the most important vehicle-derived disturbance since it was 

the most frequent and highly ranked indoor traffic-induced nuisance. This is in agreement with 

other studies by SCPR (Morton-Williams et ai, 1978) and NTNF (Aas et ai, 1991). The most 

frequent unprompted complaints about indoor vehicle-derived pollution concerned the soiling 

of surfaces and the malodour of the fumes. Health effects were rarely mentioned in association 

with indoor pollution. This may indicate that the public feel protected from the potentially 

health-damaging effects of vehicle pollution when they are indoors and are generally more 

concerned with aesthetic issues. 

Outdoors, disturbance from smoke, fumes and odour was the most frequently complained about 

traffic-induced nuisance, with danger ranking equally highly. Most respondents were concerned 

about the effects of fumes upon their health, with adverse effects widely assumed. The 

malodour of the fumes and the soiling of clothes etc generally caused less concern. Issues such 
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as the soiling of buildings by vehicle-derived pollution generated little public concern. This was 

unexpected given its very visible impact on high profile historic buildings, the potentially high 

economic costs of cleaning soiled buildings and the relatively high degree of scientific interest 

in this subject. This observation may imply that direct sensory (ie personal) experience of 

pollution is more important than its visual impact in triggering public concern. All of these 

responses were unprompted. These data thus indicate that the public perceive traffic fumes as 

a health hazard when they are outdoors, and are also highly concerned about the potential 

danger arising from the close proximity of road traffic. 

Significant differences in disturbance between sites in the same and different cities, between 

females and males and between different age groups were recorded. There was no readily 

apparent reason for the differences in disturbance between different locations. Women and 

people in the 25-44/45-64 age groups were consistently more concerned about environmental 

issues/nuisance effects than men and younger/older respondents, an observation supported by 

the recent DoE survey (DoE, 1994). No significant differences in annoyance were noted 

between smokers/non-smokers and different socio-economic groupings, although commercial 

respondents often reported the highest levels of concern. In addition, the level of nuisance 

experienced by people in urban areas did not depend upon the proximity of their 

home/workplace to a road, an observation supported by Whitelegg et al (1994). 

Respondents who stated that they suffered some disturbance from a range of health/nuisance 

effects when they were outdoors were asked what they thought was the cause of their distress. 

Using the asumption that all kerbs ide air pollution and dust/dirt is traffic generated (a worst­

case situation), the maximum percentage of respondents who blamed vehicle-generated air 

pollution for the named health/irritant effects was estimated. With the exception of the 

pedestrian residential location in Edinburgh, where disturbance was markedly lower than at the 

other sites, 23-51 % of the household and pedestrian respondents felt that traffic pollution was 

at least partly to blame for their sore or runny eyes; 18-49% for sneezing; 23-69% for their 

irritated throat and 30-80% for soiling. 

In general, the findings highlight the public's concern about the relationship between vehicle­

derived pollution, especially particulate pollution, and human irritantlhealth effects. In urban 

areas, particulates, black smoke and unpleasant odours are often associated with the exhaust 

emissions from diesel vehicles. The findings of this survey are therefore consistent with the 

recent conclusions of the UK Quality of Urban Air Review Group (1994) that 'any increase in 

the proportion of diesel vehicles on our (UK) urban streets is to be viewed with considerable 
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concern unless problems of particulate matter ... are effectively addressed' .This result, together 

with the observation that the physical presence of road traffic is as important as the presence 

of pollutants, may indicate that health and safety concerns are more important to the public than 

aesthetic issues associated with vehicle-derived pollution. 

8.5 Prediction of public nuisance from vehicle-derived air pollution 

No observable correlations between reported disturbance from vehicle-derived pollution and 

measured concentrations of gaseous pollutants in urban areas were observed, contradicting the 

findings of previous research. A weak correlation between urban background black smoke 

concentrations and disturbance score was observed and regression equations were calculated. 

However, these equations were not statistically significant and may not be reliable predictors 

of nuisance. It is not recommended that these equations are used for predictive purposes 

without extra data (such as that obtained via the questionnaires outlined previously) which 

would provide an overview of the nuisance effects in the area under study. 

It is considered that the factors which contribute to a person's annoyance from vehicle-derived 

pollution are highly personal, numerous and exceptionally difficult to quantify, making 

predictions of the magnitude of nuisance from pollutant concentrations undependable. An 

alternative index for the evaluation of nuisance from vehicle-derived pollution has been 

suggested for use with questionnaire data. 

8.6 Recommendations for further research 

• There is a need for a similar type of survey to be performed in an area where smoke 

concentrations are abnormally high. This would enable the regression equations derived 

in Chapter 7 to be verified or otherwise. 

• This research has taken a 'scientific' approach to the problem of nuisance form 

vehicle-derived air pollution by utilising structured questionnaires containing key 

questions with multiple-choice answers. Given that a person's background and 

experiences may be important factors in determining their opinions towards such 

pollution, an alternative approach could incorporate detailed questionning of a much 

smaller group of (representative) individuals to try and identify common features and 

experiences amongst individuals with high/low disturbance scores. 

• Social surveys of public attitudes towards vehicle-derived pollution need to be repeated 

in urban areas on a regular basis so that changes in public opinion may be monitored 

alongside changes in urban air qual ity. For comparative purposes, surveys in semi­

urban, rural and heavily industrialised areas should also be performed. On a larger 
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scale, a European-wide survey would provide much information on social attitudes 

within different cultures. 

• The number of roadside monitoring stations in urban areas in the UK needs to be 

increased so that the pollutant exposure of vulnerable groups and occupational cohorts 

may be estimated. 

• Emissions inventories for selected pollutants in important UK towns and cities are 

urgently required. This is particularly important in the case of particulates because of 

the potential increase in the diesel vehicle population. Improved methodologies for 

estimating emissions should also be investigated. 

• Improved techniques for the quantititve determination of carbonyl compounds are 

required to improve efficiency and accuracy. A comparion of the technologies utilising 

bubblers and diffusion tubes would be an effective starting point. 

291 



References 

Aaronson, A.E. and Matula, R.A. (1971). 
Diesel odour and the formation of aromatic hydrocarbons during the heterogeneous combustion of pure 
cetane in a single-cylinder diesel engine. 
Proc. 13th Int. Comb. Symp., Combustion Inst. Pittsburgh, Pa., 471-481. 

Aas, H., Kolbenstvedt, M., Bakketeig, L.S., Larssen, S., Clench-Aas, 1., Solberg, S. and Klreboe, R. 
(1991). 
Traffic and the Environment (English Summary). 
Royal Norwegian Council for Scientific and Industrial Research. 

Ad Hoc Group, ERGA Air Pollution (1983). 
Report of the Ad Hoc Group, ERGA Air Pollution, No. 111602/83-EN-FINAL, Annex 3, Document 34. 
Present and future air quality in the United Kingdom and the relative responsibility of motor vehicles. 
EEC, Brussels. 

Ad Hoc Panel on Health Aspects of Formaldehyde (1988). 
Epidemiology of chronic exposure to formaldehyde, report of the Ad Hoc Panel on Health Aspects of 
Formaldehyde. 
Toxicol. and Industrial Health, 4, 77-90. 

Analysis Automation (1986). 
Model 526, Fill Hydrocarbon Analyser Instruction Manual. 
Analysis Automation Ltd. 

Ashdown Environmental Limited (1989). 
Perceived nuisance of vehicle exhaust emissions: a literature review. 
(Unpublished - TRL). 

Avol, E.L., Linn, W.S., Venet, T.G., Shamoo, D.A. and Hackney, 1.0. (1984). 
Comparative respiratory effects of ozone and ambient oxidant pollution exposure during heavy exercise. 
J. Air Pollut. Control Assoc., 34(8), 804-809. 

Bailey, I.C., Schmidl, B. and Williams, M.L. (1990). 
Speciated hydrocarbon emissions from vehicles operated over the normal speed range on the road. 
Atmos. Environ., 24A, 43-52. 

Ball, 0.1., and Hume, R. (1977). 
The relative importance of vehicular and domestic emissions of dark smoke in Greater London in the 
mid-1970s, the significance of smoke shade measurements, and an explanation of the relationship of 
smoke shade to gravimetric measurements of particulate. 
Atm. Environ., 11, 1065-1073. 

Ball, 0.1. and Caswell, R. (1982). 
A report to the London lorry ban inquiry: smoke from diesel engined road vehicles - an investigation 
into public attitudes, soiling and technical factors. 
OLe Scientific Branch Report No. ESDIR95, GLC, London. 

Ball, 0.1. and Caswell, R. (1983). 
Smoke from diesel-engined road vehicles: an investigation into the basis of British and European 
emission standards. 
Atm. Environ., 17, 169-181. 

Ball, 0.1., Brimblecombe, P., Nicholas, F. and MacGuire, F. (1991). 
Review of air quality criteria for the assessment of near-field impacts of road transport. 
School of Environmental Sciences, University of East Anglia, Norwich. TRRL, Crowthome, CR 240. 

292 



Bartlett, R.S. (1992). 
The prediction of perceived lorry nuisance - results of recent surveys. 
TRL Research Report 346. 

Beauchamp, R.O. Jr., Andjelkovich, D.A., Kilgerman, A.D., Morgan, K.T. and d'A Heck, H. (1985). 
A critical review of the literature on acrolein toxicity. 
CRC Crit. Rev. Toxicol., 14, 309-380. 

Bedi, J.F., Folinsbee, L.J., Horvath, S.M. and Ebstein, R.S. (1979). 
Human exposure to sulfur dioxide and ozone; absence of a synergistic effect. 
Arch. Environ. Health, 34, 233-239. 

Bell, K.A., Linn, W.S., Hazucha, M., Hackney, J.D. and Bates, D.V. (1977). 
Respiratory effects of exposure to ozone plus sulphur dioxide in Southern Californians and Eastern 
Canadians. 
Am. Ind. Hyg. Assoc. J., 38(12), 696-706. 

Bellar, T.A. and Sigsby, J.E. Jr (1970). 
Direct gas chromatographic analysis of low molecular weight substituted organic compounds in 
emissions. 
Environ. Sci. Technol., 4, 150-156. 

Bennett, M. (1987). 
Mobile measurements of sulphur dioxide in heavy traffic in London, Winter 1983-1984. 
Sci. Tot. Environ., 59, 125-131. 

Bennett, B.G., Kretzschmar, J.G., Akland, G.G. and de Konig, H.W. (1985). 
Urban air pollution worldwide. 
Environ. Sci. Technol., 19, 298-304. 

Beymer, T.D. and Hites, R.A. (1984). 
Similarity of some organic compounds in spark-ignition and diesel engine particulate extracts. 
Environ. Sci. Technol., 18, 203-206 .. 

Bodek, I. and Menzies, K.T. (1981). 
Ion chromatographic analysis of organic acids in diesel exhaust and mine air. 
In Proc. Symp. Process Meas. Environ., EPA Report 600/9-81-018, 155-168, Environ. Protect. Agency, 
Research Triangle Park, NC. 

Bower, J.S., Broughton, G.F.J., Dando, M.T., Stevenson, K.T., Lampert, J.E., Sweeney, B.P., 
Parker, V.J., Driver, G.S., Clark, A.G., Waddon, C.J., Wood, A.J. and Williams, M.L. (1989). 
Surface ozone concentrations in the UK in 1987-1988. 
Atmos. Environ., 23(9), 2003-2016. 

Bradburn, N.M., Sudman, S., Blair, E. and Stocking, C. (1978). 
Question threat and response bias. 
P.O.Q,42(2). 

Braddock, J.N. and Gabele, P.A. (1977). 
Emisssion pattern of diesel powered passenger cars - Part II. 
SAE Tech. Paper Ser. No. 770168, Soc. of Automotive Engineers Inc., New York; N.Y .. 

Brimblecombe, P. (1986). 
Air Composition and Chemistry. 
Cambridge University Press. 

British Road Federation (1992). 
Basic Road Statistics. 

293 



British Standards Institution (BSn, (1969). 
Detennination of the Concentration of Suspended Matter, BS1747, Part 2, BSI, UK. 

Budiansky, S. (1980). 
Indoor air pollution. 
Environ. Sci. Technol., 14, 1023-1027. 

Bumb, R.R., Crummett, W.B., Cutie, S.S., Gledhill, J.R., Hummell, R.H., Kagel, R.O., Lamparski, 
L.L., Luoma, E.V., Miller, D.L., Nestrick, T.J., Shadoff, L.A., Stehl, R.H. and Woods, J.S. (1980). 
Trace chemistries of fire: a source of chlorinated dioxins. 
Science, 210, 385-390. 

Calvert, J.G. and Stockwell, W.R. (1983). 
Acid generation in the troposphere by gas-phase chemistry. 
Environ. Sci. Technol., 23, 428A-442A. 

Cautreels, C.W. and Van Cauwenberghe, K. (1978). 
Experiments on the distribution of organic pollutants between airborne particulate matter and the 
corresponding gas phases. 
Atm. Environ., 12, 1133-1141. 

Cemansky, N.P. (1983). 
Diesel exhaust odour and irritants: a review. 
J. Air Poll. Contr. Assoc., 33, 2, 97-104. 

Choudry, D.R. (1982). 
Characterisation of polycyclic ketones and quinones in diesel emission particulates by gas 
chromatography/mass spectrometry. 
Environ. Sci. Technol., 16, 102-106. 

Ciccioli, P., Bertoni, G., Brancaleoni, E., Fratarcangeli, R. and Bruner, F. (1976). 
Evaluation of organic pollutants in the open air and atmospheres in industrial sites using graphetized 
carbon black traps and gas chromatograhic-mass spectrometric analysis with specific detectors. 
J. Chromatogr., 126,757-770. 

Clarke, A.G., Willison, M.J. and Zeki, E.M. (1984). 
A comparison of urban and rural aerosol using dichotomous samplers. 
Atm. Environ., 18, 1767-1775. 

Cleveland, W.S., Graedel, T.E. and Kleiner, B. (1977). 
Urban formaldehyde; observed correlation with source emissions and photochemistry. 
Atmos. Environ., 11, 357-360. 

Clench-Aas, J, Larssen, S., Bartonova, A., Aames, M.J., Myhre, K., Christensen, C.C., Neslein, 1.L., 
Thomassen, Y. and Levy, F. (1991). 
The health effects of traffic pollution as measured in the Vdlerenga area of Oslo. 
Norwegian Institute for Air Research, Lillestmm, Norway. 

Cocks, A. and Kallend, T. (1988). 
The chemistry of atmospheric pollution. 
Chem. in Brit., 9, 884-888. 

Countess, R.J., Wolff, G.T. and Cadle, S.H. (1980). 
The Denver winter aerosol: acomprehensive chemical characterisation. 
J. Air Pollut. Contr. Assoc., 30, 1194-1200. 

Creech, G., Johnson, R.T. and Stoffer, J.O. (1982). 
Part 1. A comparison of three different high pressure liquid chromatography systems for the 

294 



determination of aldehydes and ketones in diesel exhaust. 
J. Chromatogr. Sci., 20, 67-72. 

Davis, C.S., Felin, P. and Otson, R. (1987). 
A review of sampling methods for polyaromatic hydrocarbons in air. 
J. Air Pollut. Control Assoc., 37(12), 1397-1408. 

Davies, C. (1989). 
Control and remedial strategies. 
In Air Pollution, Acid Rain and the Environment, MeIlanby, K. (Ed.), Watt Committee Report Number 
18, Elsevier, London, 

DeBertoli, M., Knoppel, H., Pecchio, E., Peil, A., Rogora, L., Schauenburg, H., Schlitt, H. and 
Vissers, H. (1984). 
Integrating "real-life" measurements of organic pollution in indoor and outdoor air of homes innorthem 
Italy. 
Proc. 3rd Int. Con! Indoor Air Quality and Climate, 4, 21-26. 

Department of Energy (DoEnergy) (1992). 

Department of the Environment (DoE) (1986). 
Digest of Environmental Protection and Water Statistics, No.9, HMSO. 

Department of the Environment (DoE) (1990). 
Digest of Environmental Protection and Water Statistics, No. 12, HMSO. 

Department of the Environment (DoE) (1992). 
Digest of Environmental Protection and Water Statistics, No. 14, HMSO. 

Department of the Environment (DoE) (1994). 
Digest of Environmental Protection and Water Statistics, No. 16, HMSO. 

Department of Transport (DoT) (1991). 

Derwent, R.G. et al (1987). 
Ozone in the United Kingdom. 
United Kingdom Photochemical Oxidants Review Group Interim Report, DoE, Harwell. 

de Vaus, D.A. (1986). 
Surveys in Social Research. 
Allen and Unwin. 

Dohmen, G.P. (1987). 
Secondary effects of air pollution: ozone decreases brown rust disease potential in wheat. 
Environ. Pollut., 43(3), 189-194. 

Dutkiewicz, R.K. and Wozniak, A.C. (1992). 
Photochemical smog and the effect of alcohol-blend fuels from internal combustion engines. 
Proceedings of the Ninth World Clean Air Congress, Montreal, Canada. Volume 6, Paper No. IU-
14B.07. 

Ecomomist, The (3/3/90). 

Financial Times, The (4/4/86). 

Folinsbee, L.J., Bedi, J.F. and Horvath, S.M. (1985). 
Pulmonary response to threshold levels of sup fur dioxide (1.0 ppm) and ozone (0.3 ppm). 
J. Appl. Physiol., 58(6), 1783-1787. 

295 



Fulford, J.E., Sakuma, T. and Lane, D.A. (1982). 
Real-time analysis of exhaust gases using triple quadrupole mass spectrometry. 
In Polynucl. Aromat. Hydrocarbons: Phys. Bioi. Chem., Cooke, M., Dennis, A.J. and Fisher, G.L., 
Eds., Columbus, OH: Battelle Press, 297-303. 

Gibson, T.L. (1982). 
Nitro derivatives of polynuclear aromatic hydrocarbons in airborne and source particulate matter. 
Atmos. Environ., 16, 2037-2040. 

Goff, E.U., Coombs, J.R., Fine, D.H. and Baines, T.M. (1980). 
Nitrosamine emissions from diesel engine crankcases. 
SAE Tech. Paper Ser., No. 801374, Soc. of Automotive Engineers Inc., New York, N.Y .. 

Graedel, T.E. and Schwartz, N. (1977). 
Air quality reference data for corrosion assessment. 
Mater. Perfonn., 16(8), 17-25. 

Graedel, T.E., Hawkins, D.T. and Claxton, L.D. (1986). 
Atmospheric chemical compounds: Sources, Occurrence, and Bioassay. 
Academic Press, Orlando, Fla. 732pp. 

Graedel, T.E. (1990). 
Ambient levels of Anthropogenic emissions and their Atmospheric Transformation Products. 
In Air Pollution, The Automobile and Public Health, Watson, A.Y., Bates, R.R. and Kennedy, D .. 

Green, H.L. and Lane, W.R. (1964). 
Particulate Clouds: Dusts, Smokes and Mists. 
E. and F .N. Span Ltd., London. 

Grosjean, D. (1982). 
Formaldehyde and other carbonyls in Los Angeles ambient air. 
Environ. Sci. Technol., 16, 254-262 . 

. Grosjean, D., Miguel, A.H. and Tavares, T.M. (1990). 
Urban air pollution in Brazil: acetaldehyde and other carbonyls. 
Atm. Environ., 24B, 101-106. 

Grosjean, D. and Williams, E.L. (1990). 
Ambient levels of aldehydes in Phoenix, winter 1989-1990. 
Final report, April 1990. Revised, June 1990. Contract XS-0045, Arizona Department of Environmental 
Quality, Phoenix, AZ 85004. 

Halcrow, Sir William and Partners (1986). 
West London Assessment Study. Report on Problems. Plus technical notes 1 to 6 (25 volumes of 
technical notes). 

Hamilton, R.S. and Mansfield, T.A. (1991). 
Airborne particulate carbon: its sources, transport and contribution to dark smoke and soiling. 
Atm. Environ., 23, 1591-1599. 

Handa, T, Kato, Y., Yamamura, T, Ishii, T. and Matsushita, H. (1980). 
In situ emission levels of carcinogenic and mutagenic compounds from gasoline and diesel engine 
vehicles on an expressway. 
J. Environ. Sci. Health, A5(6), 573-599. 

Hanst, P.L., Wilson, W.E., Patterson, R.K., Gay, B.W., Jr., Chaney, L.W. and Burton, C.S. (1975). 
A spectroscopic study of California smog. 
EPA Report 650/4-75-006, US Environmental Protection Agency, Washigton, DC. 

296 



Hare, C.T. and Springer, K.I. (1971). 
Public response to diesel engine exhaust odours. 
Final report to EPA Contract No. CPA-70-44. US Environmental Protection Agency, Washigton, DC. 

Hare, C.T., Springer, K.I., Somers, I.H. and Huls, T.A. (1974). 
Paper 740214, presented to the 1974 Annual General Meeting of the SAB. 

Hare, C.T. and Bradow, R.L. (1979). 
Characterisation of particulate and gaseous particulate emissions, and effects of fuel composition. 
SAB Tech. Paper Ser., No. 790490, Soc. of Automotive Engineers Inc., New York, N.Y .. 

Hare, C.T. and Baines, T.M. (1979). 
Characterisation of particulate and gaseous emissions from two diesel automobiles as functions of fuel 
and driving cycle. 
SAB Tech. Paper Ser. No. 790424, Soc. of Automotive Engineers Inc., New York, N.Y .. 

Harris, G.W., Carter, W.P.L., Winer, A.M., Pitts, I.N. Ir., Platt, U. and Pemer, D. (1982). 
Observations of nitrous acid in the Los Angeles atmosphere and implications for predictions of ozone­
precursor relationships. 
Environ. Sci. Technol., 16, 414-419. 

Harrison, R.M. (1986). 
Analysis of particulate pollutants. 
In Handbook of Air Pollution Analysis, (2nd Ed.), Harrison, R.M. and Perry, R., (Eds.), pp155, 
Chapman and Hall, London. 

Harrison, R.M. and Iohnson, W.R. (1985). 
Deposition of lead, cadmium, copper and polynuclear aromatic hydrocarbons on the verges of a 
motorway highway. 
Sci. Tot. Environ., 48, 121-135. 

Harrison, R.M. and Laxen, D.P.H. (1984). 
Lead pollution, causes and control. 
Chapman and Hall, London. 

Harrop, D.O., Mumby, K., Ashworth, I., Nolan, I. and Price, M. (1989). 
Air quality in the vicinity of urban roads. 
In Proceedings of the 3rd International Symposium on Highway Pollution. 
Munich, West Germany. 

Hauser, T.R. and Pattison, J.N. (1972). 
Analysis of aliphatic fraction of air particle matter. 
Environ. Sci. Technol., 6, 549-555. 

Hedicar, P.G. (1979). 
West Yorkshire Transportation Studies 3. Analysis of Environmental Issues. 
Traffic Engineering and Control, 82-85. 

Hestor, R.E. (1986). 
Understanding Our Environment. 
Royal Soc. of Chem., London. 

Hoinville, G. and Prescott-Clarke, P. (1972). 
Traffic disturbance and amenity values. 
Social and Community Planning Research, London. 

Holman, C. (1989). 
Particulate pollution from diesel vehicles. 

297 



Friends of the Earth (FoE) briefing document, FoE, London. 

Holzer, G., Shanfield, H., Zlatkis, A., Bertsch, W., Jaurez, P., Mayfield, H. and Leibich, H.M. 
(1977). 
Collection and analysis of trace organic emissions from natural sources. 
J. Chromatogr., 142, 755-764. 

Hopkinson, P.G. and Pearman, A.D. (1987). 
Measuring residents' attitudes to environmental disturbances under multiple dimensions of impact and 
uncertainty. 
In Environmental Issues. Proceedings of Seminar P held at the PTRC Tansport and Planning Summer 
Annual Meeting. 
University of Bath, England. Volume P300. 

Horrocks, R.W. (1987). 
Particulate control systems for diesel engines. 
Proc. Inst. Mech. Eng., Vehicle emissions and their impact on air quality, 3-5 November 1987,319-335. 

Horvath, H., Kreiner, 1., Norek, C. and Preining, O. (1988). 
Diesel emissions in Vienna. 
Atmos. Environ., 22(7), 1255-1269. 

Hoshika, Y. (1977). 
Simple and rapid gas-liquid-solid chromatographic analysis of trace concentrations of acetaldehyde in 
urban air. 
J. Chromatogr., 137, 455-460. 

Hughes (1991). 
Exhausting the Atmosphere. 
Town and Country Planning, 60(9), 267-269. 

Hwang, J.Y. (1972). 
Trace metals in atmospheric particulates. 
Anal. Chem., 44(14), 20A-27A. 

Independent, The (23/6/94). 

Independent, The (28/4/93). 

Independent, The (13/6/91). 

Independent, The (19/5/90). 

Jensen, T.E. and Hites, R.A. (1983). 
Aromatic diesel emissions as a function of engine conditions. 
Anal. Chem., 55, 594-599. 

Jonsson, A. and Bertilsson, B.M. (1982). 
Formation of methyl nitrate in engines fueled with gasoline/methanol and methanol/diesel. 
Environ. Sci. Technol., 16, 106-110. 

Kerns, W.D., Pavkov, K.L., Donofrio, D.J. and Swenberg, I.A. (1983). 
Carcinogenicity of formaldehyde in rats and mice after long-term inhalation exposure. 
Cancer Res., 43, 4382-4392. 

Kitchens, L.I. (1987). 
Exploring Statistics. 

298 



Kleindienst, T.E., Shepson, P.B., Nero, C.M., Arnts, R.R., Tejada, S.B., MacKay, G.!', Mayne, 
L.K., Schiff, H.I., Lind, I.A., Kok, G.L., Lazrus, A.L., Dasgupta, P.K. and Dong, S. (1988). 
An intercomparison of formaldehyde measurement techniques at ambient concentration. 
Atm. Environ., 22(9), 1931-1939. 

Kleinman, M.T., Bailey, R.M., Chang, Y.T., Clark, K.W., lones, M.P., Linn, W.S. and Hackney, 
I.D. (1981). 
Exposures of human volunteers to a controlled atmospheric mixture of ozone, sulfur dioxide and 
sulphuric acid. 
Am. Ind. Hyg. Assoc. J., 42(1), 61-69. 

Klingenberg, H. and Winneke, H. (1990). 
Studies on the health effects of automotive exhaust emissions: How dangerous are diesel emissions. 
Sci. Tot. Environ., 93, 95-107. 

Kok, O.L., Heikes, B.G. and Lazrus, A.L. (1986). 
Gas and aqueous phase measurements of hydrogen peroxide. 
Paper presented at the National Meeting of the American Chemical Society, New York, NY. 

Kuwata, K., Uebori, M. and Yamasaki, Y. (1979). 
Determination of aliphatic and aromatic aldehydes as their 2,4-dinitrophenylhydrazones by high 
performance liquid chromatography. 
J. Chromat. Sci., 17, 264-268. 

Kuwata, K., Uebori, M., Yamasaki, H. and Kuge, Y. (1983). 
Determination of aliphatic aldehydes in air by liquid chromatography. 
Anal. Chem., 55, 2013-2016. 

Lahmann, E., Seifert, B., Zhao, L. and Bake, D. (1984). 
Immissionen von polycyclischen aromatischen kohIenwasserstoffen in Berlin (West). 
Staub-Reinhalt. Luft, 44, 149-157. 

Landen E.W. and Perez, I.M. (1974). 
Some diesel exhaust reactivity information derived by gas chromatography. 
SAE Paper No. 740530, Soc. of Automotive Engineers Inc., New York, N.Y .. 

Lawson, D.R., Biermann, H.W., Tuazon, E.C., Winer, A.M., MacKay, G.I., Schiff, H.I., Kok, G.L., 
Dasgupta, P.K. and Fung, K. (1990). 
Formaldehyde measurement methods evaluation and ambient concentrations during the carbonaceous 
species methods comparison study. 
Aerosol Sci. Technol., 12,64-76. 

Leggett, I. (Ed) (1990). 
Global Warming - the Greenpeace Report. 
Oxford University Press. 

Lewandowski, M., Booker, I., Jensen, B. and Laxen, D. (1989). 
London air pollution monitoring network. Third report. 
London Scientific Services, LSS/LWMP/89. 

Lies, K.H., Postulka, A., Gring, H. and Hartung, A. (1986). 
Aldehyde emissions from passenger cars. 
Straub Rein. der Luft, 46, 136-139. 

Linnell, R.H. and Scott W.E., (1962). 
Diesel Exhaust Analysis. 
Arch. Environ. Health,S, 616-625. 

299 



Lioy, P.J., Daist, J.M., Reiss, N.M. and Harkov, R. (1983). 
Characterisation of inhalable particulate matter, volatile organic compounds and other chemical species 
measured in urban areas in New Jersey 1. Summertime episodes. 
Atmos. Environ., 17,2321-2330. 

Lippman, M., Lioy, P.J., Leikauf, G., Green, K.B., Baxter, D., Morandi, M. and Pasternack, B.S. 
(1983). 
Effects of ozone on the pulmonary function of children. 
In: Advances in Modern Environmental Toxicology (Lee, S.D., Mustafa, M.G. and Mehlmam, M.A. 
Eds), 5, 423-446, International Symposium on the Biomedical Effects of Ozone and Related 
Photochemical Oxidants, Princeton Scientific Publ. Inc., Princeton, N.J .. 

Little, A.D., Inc., (1970). 
Chemical identification of the odour components in diesel engine exhaust. 
Report C-71407171475, HEW Contract No. CPA 22-69-63 (Cambridge, Mass.). 

Little, A.D., Inc., (1971). 
Chemical identification of the odour components in diesel engine exhaust. 
Report ADL62561-5, (Cambridge, Mass.). 

Lodge, J.P. Jr., Waggoner, A.P., Klodt, D.T., and Crain, C.N. (1981). 
Non-health effects of airborne particulate maUer. 
Atm. Environ., 15,431-482. 

LOforth, G. (1985). 
The use of Salmonella/microsome mutagenicity test for the characterisation of organic extracts from 
ambient particulate matter. 
Envir. Int., 11,161-167. 

Lowe D.C. and Schmidt, U. (1983). 
Formaldehyde measuerments in the nonurban atmosphere. 
J. Geophys. Res., 88, 10;844-10,858. 

Mackie, A.M. and Griffm, L.J. (1977). 
Before and after study of the environmental effects of Tring by-pass. 
Dept. of the Environment, Dept. of Transport. TRRL Report Number LR746. Transport Research 
Laboratory, Crowthorne. 

Mackie, A.M. and Davies, C.H. (1981). 
Environmental effects of traffic changes. 
Department of the Environment, Department of TranSport, TRRL Report LR1015. Transport Research 
Laboratory, Crowthorne. 

Mansfield, T.A. (1989). 
The soiling of materials in urban areas. 
PhD. Thesis, Middlesex Polytechnic, London. 

Marnett, L.J. (1990). 
Health effects of aldehydes and alcohols in mobile source emissions. 
In Air Pollution, The Automobile and Public Health, Watson, A.Y., Bates, R.R. and Kennedy, D .. 

McCrae, 1.S. (1991). 
The dispersion of traffic-related pollutants. 
PhD. Thesis, Middlesex Polytechnic, London. 

McCrae, 1.S. (1988). 
Traffic related pollutants, their effects and analytical assessment techniques: A review. 
Research Report 10, Urban Pollution Research Centre, Middlesex Polytechnic. 

300 



McDonnell, W.F., Horstman, D.H., Hazucha, M.J., Seal, E. Jr., Haak, E.D., Salaam, S.A. and 
House, D.E. (1983). 
Pulmonary effects of ozone exposure during exercise: dose-response characteristics. 
J. Appl. Physiol., 54(5), 1345-1352. 

McDonnell, W.F., Chapman, R.S., Leigh, M.W., Strope, G.L. and Collier, A.M.·(1985). 
Respiratory responses of vigourously exercising children to 0.12 ppm ozone exposure. 
Am. Rev. Respir. Dis., 132, 875-879. 

McIntyre, A.E. and Lester, J.N. (1986). 
Hydrocarbons and carbon monoxide. 
In Handbook of Air Pollution Analysis, (2nd Ed.), Harrison, R.M. and Perry, R., (Eds.), pp387, 
Chapman and Hall, London. 

McRae, J.E. and Graedel, T.E. (1979). 
Carbon dioxide in the urban atmosphere: dependencies and trends. 
J. Geophys. Res., 84, 5011-5017. 

Mellanby, K., (Ed.) (1989). 
Air Pollution, Acid Rain and the Environment, Watt Committee Report Number 18. 

Monitor Labs. (1982). 
Model 8840, Nitrogen Oxides Analyser Instruction Manual. 
Monitor Labs Ltd., Document 061-000830, Rev. E. 

Monitor Labs. (1983). 
Model 8810, Ozone Analyser Operation and Maintenance Manual. 
Monitor Labs Ltd., Document 061-000940, Rev. B. 

Monitor Labs. (1984). 
Model 8850, Fluorescent S02 Analyser Instruction Manual. 
Monitor Labs Ltd., Document 061-000620, Rev. E. 

Morton-Williams, J and Prescott-Clarke, P. (1971). 
Assessment of Environmental Disturbance in Areas Affected by Urban Road Schemes. 
Social and Community Planning Research, London. 

Morton-Williams, J., Hedges, B. and Fernando, E. (1978). 
Road traffic and the environment. 
Social and Community Planning Research, London. 

Moschandreas, D.J., Pelton, D.J. and Berg, D.R. (1981). 
The effects of woodburning on indoor pollutant concentrations. 
Paper No. 81-22.2 presented at the 74th Annual Meeting of the Air Pollution Control Assoc., 
Philadelphia, Pa. 

Moser, C.A. and Kalton, G. (1971). 
Survey Methods in Social Investigation. 
Gower Publishing. 

Mucke, W., Jost, D. and Rudolf, W. (1984). 
Luftverunreinigungen in kraftfahrzeugen. 
Staub-Reinhalt Lujt, 44, 374-377. 

National Academy of Sciences (1981). 
Formaldehyde and other aldehydes. 
National Academy Press, Washington, DC, 34Opp. 

301 



National Research Council (NRC) (1981a). 
Health effects of exposure to diesel exhaust. 
National Academy Press, Washington, DC. 

National Research Council (NRC) (1981b). 
Committee on Indoor Pollutants. Indoor Pollutants. National Academy Press, Washington, DC, 496pp. 

National Society for Clean Air and Environmental Protection (NSCA) (1993). 
Pollution Glossary. 
NSCA, Brighton. 

Newton, D.L., Erickson, M.D., Tomer, K.B., Pellizzari, E.D., Gentry, P. and Zweidinger, R.B. 
(1982). 
Identification of nitroaromatics in diesel exhaust particulate using gas chromatography/negative ion 
chemical ionization mass spectrometry and other techniques. 
Environ. Sci. Technol., 16, 206-213. 

Nikolau, K., Masclet, P. and Movier, G. (1984). 
Sources and chemical reactivity of polynuclear aromatic hydrocarbons in the atmosphere - a critical 
review. 
Sci. Tot. Environ., 32, 103-132. 

Okamoto, W.K., Gorse, R.A. Jr. and Pierson, W.R. (1983). 
Nitric acid in diesel exhaust. 
J. Air Poll. Contr. Assoc., 33, 1098-1100. 

Oppenheim, A.N. (1966). 
Questionnaire Design and Attitude Measurement. 
Heinemann. 

O'Donnell, A. and Dravnieks, A. (1970). 
Chemical species in engine exhaust and their contributions to exhaust odours. 
Report No. IITRI. C6183-5, lIT Research Institute (Chicago, n.). 

Orcutt, J.A. and Taylor, J.R. (1960). 
Correlation of eye irritants with concentrations of ambient air contaminants by probit analysis of the 
quantal response of human panels. 
Analysis Paper No. 36, Los Angeles County Air Pollution Control District, Los Angeles, California. 

Organisation for Economic Co-operation and Development (OECD), (1988). 
Transport and the Environment. 
OECD, Paris. 

Organisation for Economic Co-operation and Development (DECD), (1989). 
Energy Statistics 1986/87. 
OECD, Paris. 

Oxford Universal Dictionary (Illustrated) (1974). 
Oxford University Press. 

Paputa-Peck, M.C., Marano, R.S., Schuetzle, D., Riley, T.L., Hampton, C.Y., Prater, T.J., Skewes, 
L.M., Jensen, T.E., Ruehle, P.H., Bosch, L.C. and Duncan, W.P. (1983). 
Determination of nitrated polynuclear aromatic hydrocarbons in particulate extracts by capillary column 
gas chromatography with nitrogen selective detection. 
Anal. Chern., 55, 1946-1954. 

Payne, S.L. (1951). 
The Art of Asking Questions. 

302 



Princetown University Press, New Jersey. 

Pearce, K. and Stannard, C. (1973). 
Catford traffic management study, volume II. 
Greater London Council (GLC) Research Report No. 17, GLC, London. 

Perry, R. and Twybell, J.D. (1973). 
A time-based elution technique for the estimation of specific hydrocarbons in air. 
Atm. Environ., 7, 929. 

Pierson, W,R., Gorse, R.A., Szkarlat, A.C., Brachaczek, W.W., Japar, S.M., Lee, F.S.C., 
Zweidinger, R.B. and Claxton, L.D. (1983). 
Mutagenicity and chemical characteristics of carbonaceous particulate matter from vehicles on the road. 
Environ. Sci. Technol., 17 (1), 71-79. 

Pitts, J.N. Jr., Sweetman, J.A., Zielinska, B., Winer, A.M. and Atkinson, R. (1985a). 
Determination of 2-nitrofluoranthene and 2-nitropyrene in ambient particulate organic matter: evidence 
for atmospheric reactions. 
Atmos. Environ., 19, 1601-1608. 

Pitts, J.N. Jr., Wallington, T.J., Biermann, H.W. and Winer, A.M. (1985b). 
Identification and measurement of nitrous acid in an indoor environment. 
Atmos. Environ., 19,763-767. 

Quality of Urban Air Review Group (QUARG) (1993a). 
Urban Air Quality in the United Kingdom. 
Department of the Environment. 

Quality of Urban Air Review Group (QUARG) (1993b). 
Diesel Vehicle Emissions and Urban Air Quality. 
Department of the Environment. 

Ramdahl, T., Becher, G. and Bjorseth (1982). 
Nitrated polycyclic aromatic hydrocarbons in urban air particles. 
Environ. Sci. Technol., 16, 861-865. 

Ramdahl, T. (1983). 
Polycyclic aromatic ketones in environmental samples. 
Environ. Sci. Technol., 17, 666-670. 

Renzetti, N.A. and Bryan, R.J. (1961). 
Atmospheric sampling for aldehydes and eye irritation in Los Angeles smog - 1960. 
J. Air Pollut. Control Assoc., 11, 421-424. 

Reynolds, J. (1990). 
Occupation Groupings: A Job Dictionary. 
Market Research Society. 

Ricardo Consulting Engineers (1987). 
A new study of the feasibility and possible impact of reduced emission levels from diesel engined 
vehicles - for the Transport and Road Research Laboratory (TRRL). 
Report DP 87/0927. (Not published, but summaries in TRRL Report RR158, Latham and Tonkin, 
(1988». 

Richardson, N.A. and Middleton, W.C. (1957). 
Evaluation of filters for removing irritants from polluted air. 
Report No. 57-43. University of California, Dept. of Engineering, Los Angeles, California. 

303 



Riddett, R.D. (1987). 
The London Assessment Studies: Environmental Aspects. 
In Environmental Issues. Proceedings of Seminar P held at the PTRC Tansport and Planning Summer 
Annual Meeting. University of Bath, England. Volume P300. 

Rossi, P.H., Wright, J.D. and Anderson, A.B. (Eds) (1983). 
Handbook of Survey Research. 
Academic Press. 

Sawicki, E., Hauser, T.R., Elbert, W.C., Fox, F.T. and Meeker, J.E. (1962). 
Polynuclear aromatic hydrocarbon composition of the atmosphere in some large American cities. 
Am. Ind. Hyg. Assoc. J., 23, 137-144. 

Schuetzie, D., Lee, F.S.C., Prater, T.J. and Tejada, S.B. (1981). 
The identification of polynuclear aromatic hydrocarbon (P AH) derivatives in mutagenic fractions of diesel 
particulate extracts. 
Int. J. Environ. Anal. Chem., 9, 93-144. 

Schuetzie, D., Skewes, L.M., Fisher, G.E., Levine, S.P. and Gorse, R.A. Jr. (1981). 
Determination of sulphates in diesel particulates. 
Anal. Chem., 53, 837-840. 

Schuetzie, D., Riley, T.L., Prater, T.J., Harvey, T.M. and Hunt, D.F. (1982). 
Analysis of nitrated polycyclic aromatic hydrocarbons in diesel particulates. 
Anal. Chem., 54, 265-271. 

Schuetzie, D. and Perez, J.M. (1983). 
Factors influencing the emissions of nitrated-polynuclear aromatic hydrocarbons (nitro-P AH) from diesel 
engines. 
J. Air Poll. Contr. Assoc., 33, 751-755. 

Schulam, P. Newbold, R. and Hull, L.A. (1985). 
Urban and rural ambient air aldehyde levels in Schenectady, New York and on Whiteface Mountain, 
New York. 
Atm. Environ., 19,623-626. 

Scott Research Laboratories (1965). 
Diesel exhaust composition and odor. Progress report for year 1964. 
CRC Project Rpt. CD-9-61, New York, N.Y .. 

Segarra, F. (1992). 
Personal communication. 

Seifert, B., Presher, K.E. and Ullrich, D. (1984). 
Auftreten anorganischer substanzen in der luft von kuchen and andren wohnraumen. 
Inst. fur Wasser-, Boden-. and Lufthygiene des Bundes gesundheitsantes, Berlin. 

Shepson, P.B., Hastie, D.R., Schiff, H.I., Polizzi, M., Bottenheim, J.W., Anlauf, K., MacKay, G.I. 
and Karecki, D.R. (1991). 
Atmospheric concentrations and temporal variations of C,-C3 carbonyl compounds at two rural sites in 
central Ontario. 
Atm. Environ., 25A(9), 2001-2015. 

Sherwood, P.T. and Bower, P.H. (1970). 
Air pollution from traffic - a review of the situation. 
Transport and Road Research Laboratory, Crowthome, LR352. 

Shillito, D. (1992). 

304 



Dust nusiance, identification, measurement and control. 
Investigation of Air Pollution Standing Conference (IAPSC), June 1992. 

Shriner, R., Fuson, R. and Curtin, D. (1964). 
The Systematic Identification of Organic Compounds (5th Ed.). 
John Wiley & Sons Inc. 

Siegert, H., Oelert, H.H. and Zajontz, J. (1974). 
Rapid gas chromatographic analysis for individual halocarbons in the air over the Los Angeles basin. 
Atmos. Environ., 8, 209-216. 

Simoneit, B.R., Mazurek, T. and M.A. (1982). 
Organic matter of the troposphere-III. Characterisation and sources of petroleum and pyrogenic residues 
in aerosols over the western United States. 
Atmos. Environ., 18,51-67. 

Sjodin, A. and Ferm, M. (1985). 
Measurements of nitrous acid in an urban area. 
Atmos. Environ., 19, 985-992. 

Skye Instruments Ltd (1992). 
Model SKH 2013 HumiditylTemperature Probe Instruction Manual. 
Skye Instruments Ltd. 

Smythe, R.J. (1973). 
The application of high resolution gas chromatographyand mass spectrometry to analysis of engine 
exhaust emissions. 
PhD Thesis, Univ. of Waterloo (Waterloo, Ontario). 

Snider, J.R., and Dawson, G.A. (1985). 
Tropospheric light alcohols, carbonyls, and acetonitrile: concentrations in the southwest United States 
and Henry's Law data. 
J. Geophys. Res., 90, 3797-3805. 

Spengler, J.D. and Sexton, K. (1983). 
Indoor air pollution: a public health perspective. 
Science, 221,9-17. 

Spicer, C.W. (1977). 
Photochemical atmospheric pollutants derived from nitrogen oxides. 
Atmos. Environ., 11, 1089-1095. 

Spindt, R.S., Barnes, G.J. and Somers, J.H. (1971). 
The characterisation of odour components in diesel exhaust gas. 
SAE Tech. Paper Ser. No. 710605, Soc. of Automotive Engineers Inc., New York, N.Y .. 

Spindt, R.S., Barnes, G.J. and Somers, J.H. (1974). 
The characterisation of odor components in diesel exhaust gas. 
Paper presented at Midyear Meeting, Society of Auto. Engrs. Int. (Montreal, Can.). 

Springer, K.J. (1974). 
Combustion odours - A case study in human responses to environmental odours. 
Ed. by Turk, A, Johnston, J and Moulton, D. Academic Press, New York, 250-261. 

Springer, K.J. (1983). 
Dieselisation - energy and environmental consequences. 
In 5th International Conference on Combustion Engines. Conference papers (Diesel engines), 1099-1119 
(paris). 

305 



Springer, K.J. (1990). Personal communication. 

Starr, T.B. (1990). 
Quantitative cancer risk estimation for formaldehyde. 
Risk Anal., 10(1), 85-91. 

Stenberg, U., Alsberg, T., Blomberg, L. and Wannman, T. (1979). 
Gas chromatographic separation of high-molecular polynuclear aromatic hydrocarbons in samples from 
different sources, using temperature stable glass capillary columns. 
In Polynuclear Aromatic Hydrocarbons. Jones, P.W. and Leber, P. Eds., Ann Arbor Science Pubs, pp 
313-326. 

Stem, A.C. (Ed.) (1976). 
Air Pollution Series. "Vol. 3: Measuring, monitoring and surveillance of air pollution." 3rd Edition, 
Academic Press. 

Survey Research Centre (1990). 
The Techniques of Market and Socail Research: Question Formulation and Questionnaire Design. 
Survey Research Centre, London. 

Swarin, S.J. and Lipari, F. (1983). 
Determination of formaldehyde and other aldehydes by high performance liquid chromatography with 
fluorescence detection. 
J. Liq. Chromatogr., 6(3), 425-444. 

Tanner, R.L. and Meng, Z. (1984). 
Seasonal variation in ambient atmospheric levels of formaldehyde and acetaldehyde. 
Environ. Sci. Technol., 18, 723-726. 

Thermo Electron (1982). 
Model 48, GFC Ambient CO Analyser Instruction Manual. 
Thermo Electron Ltd. 

Tilton, B.E. and Bruce, R.M. (1980). 
Review of criteria for vapour-phase hydrocarbons. 
Report EPA-600/8-80-045. US EPA, Washington, DC. 

Tomkins, B.A., Brazell, R.S., Roth, M.E. and Ostrum, V.H. (1984). 
Isolation of mononitrated polycyclic aromatic hydrocarbons in particulate matter by liquid 
chromatography and determination by gas chromatography with the thermal energy analyzer. 
Anal. Chern., 56, 781-786. 

Tosteson, T.D., Spengler, J.D. and Weker, R.A. (1982). 
Aluminium, iron and lead content of respiratory particulate samples from a personal monitoring study. 
Environ. Int., 8, 265-268. 

Tuazon, E.C., Winer, A.M. and Pitts, J.N. Jr. (1981). 
Trace pollutant concentrations in a multiday smog episode in the California south coast Air Basin by long 
path length fourier transform infra-red spectroscopy. 
Environ. Sci. Technol., 15, 1232-1237. 

United Kingdom Terrestrial Effects Review Group (1988). 
The effects of acid deposition on the terrestrial environment in the United Kingdom. 
Dept. of the Environment, HMSO. 

University Associated for Research and Education in Pathology Inc. (1988). 
Epidemiology of chronic exposure to formaldehyde, report of the Ad Hoc Panel on Health Aspects of 
Formaldehyde. 

306 



Toxicol. and Ind. Health, 4, 77-90. 

US Environmental Protection Agency (EPA) (1984). 
Method TOS, Method for the determination of aldehydes and ketones in ambient air using high 
performance liquid chromatography. Revision 1.0. 
US EPA, Research Triangle Park, N.C. 

US Environmental Protection Agency (EPA) (1985). 
National Air Quality and Emissions Trends Report 1983. 
Report EPA-4S0/4-84-029, US EPA, Research Triangle Park, N.C. 

van den Hout, K.D. and Rijkeboer, R.C. (1986). 
Diesel exhaust and air pollution. 
TNO publication no. R86/038. 

Wallcave, L., Nagel, D.L., Smith, J.W and Waniska, R.D. (1975). 
Two pyrene derivatives of widespread environmental distribution: cyclopenta(cd)pyrene and acepyrene. 
Environ. Sci. Technol., 9, 143-145. 

Walsh, W.H. (1963). 
Analysis of diesel engine exhaust hydrocarbons. 
M.S. Thesis, Penn. State Univ .. 

Walsh, M.P. (1986). 
The Commission's Proposal for Control of Diesel Particulates; a Review. 
European Environmental Bureau. 

Walsh, M.P. (1994). 
Transport and the Environment: challenges and opportunities around the world. 
Sci. Tot. Environ., 146/47, 1-11. 

Websters 9th New Collegiate Dictionary (1983). 
Merriman-Webster Inc .. 

Wessler, M.A. (1968). 
Mass spectrographic analysis of exhaust products from an air aspirating diesel fuel burner. 
Ph.D Thesis, Dept. of Mech. Eng. (PurdueUniv.),. 

Whitelegg, J., Gatrell, A. and Naumann, P. (1994). 
Traffic and Health (a report for Greenpeace Environmental Trust). 
Environmental Epidemiology Unit, University of Lancaster, LAI 4YB. 

Wilson, K. W. (1973). 
Survey of eye irritation and lachrymation in relation to air pollution. 
CRC Contract No. CAPM-17-71. Report No. PB 223 665. Coordinating Research Council Inc., New 
York. 

Williams, I.D. and McCrae, I.S. (1992). 
Air pollution and public nuisance from road traffic. 
TRL Working Paper WPNE/J03, TRL, Crowthome, Berks. 

Williams, M.L. (1987). 
The impact of motor vehicles on air pollutant emissions and air quality in the UK -an overview. 
Sci. Tot. Environ., 59, 47-62. 

Williams, P.T., Bartle, K.D. and Andrews, G.E. (1986). 
Reaction between polycyclic aromatic hydrocarbons in diesel fuels and exhaust particulates. 

307 



Fuel, 65, 1150-1158. 

Williams, P.T., Abbass, M.K., Andrews, G.E. and Bartle, K.D. (1986). 
Diesel particulate emissions: the role of unleaded fuel. 
Combustion and fuel, 75, 1-24. 

Williams, R.L., Lipari, F. and Potter, R.A. (1990). 
Formaldehyde, methanol and hydrocarbon emissions from methanol-fueled cars. 
J. Air Waste Manage. Assoc., 40(5), 747-756. 

Wolff, G.T., Countess, R.J., Groblicki, P.J., Ferman, M.A., Cadle, S.H. and Muhlbaier, J.L. (1981). 
Visibility-reducing species in the Denver "brown cloud" - II. Sources and temporal patterns. 
Atmos. Environ., 15(12), 2485-2502. 

Wolff, G.T., Groblicki, P.J., Cadle, S.H. and Countess, R.J. (1982). 
Particulate carbon at various locations in the United States. 
In Particulate Carbon: Atmospheric Life Cycle (Wolff, G.T. and Klimisch, R.L., Eds.), Plenum, New 
York, NY, pp297-315. 

Wolff, G.T. and Klimisch, R.L. (Eds.) (1982). 
Particulate Carbon: Atmospheric Life Cycle, Plenum, New York, NY. 

Wolff, G.T. (1985). 
Characteristics and consequences of soot in the atmosphere. 
Environ. Int., 11, 259-269. 

Wolff, G.T., Kosog, P.E., Stroup, D.P., Ruthkosky, M.S. and Morrisey, M.L. (1985b). 
The influence of local and regional sources on the concentration of inhalable particulate matter in 
southeastern Michigan. 
Atmos. Environ., 19, 305-313. 

World Health Organisation (WHO), (1977). 
Environmental Health Criteria 4, Oxides of Nitrogen. 

World Health Organisation (WHO), (1979a). 
Environmental Health Criteria 7, Photochemical Oxidants. 

World Health Organisation (WHO), (1979b). 
Environmental Health Criteria 8, Sulfur oxides and suspended particulate matter. 

World Health Organisation (WHO), (1979c). 
Environmental Health Criteria 13, Carbon monoxide. 

WYTConsult (1977). 
West Yorkshire Transportation Studies, The Extent and Impact of Travel in 1975. Final Report -
Volume 1. 

Yergey, J.A., Risby, T.H. and Lestz, S.S. (1982). 
Chemical characterisation of organic adsorbates on diesel particulate matter. 
Anal. Chem., 54, 206-213. 

Yocom, J.E., Brookman, E.T., Westman, R.C. and Ambardar, O.P. (1981). 
Determining the contributions of traditional and nontraditional sources of particulate matter. 
J. Air Poll. Control Assoc., 31(1), 17-23. 

Youngman, M.B. (1978). 
Rediguide 12: Designing and Analysing Questionnaires. 
Nottingham University School of Education. 

308 



Yu, M.L. and Hites, R.A. (1981). 
Identification of organic compounds on diesel engine soot. 
Anal. Chern., 53, 599-603. 

Dockery, D.W, Pope, C.A., Xu, X., Spengler, J.D., Ware, J.H. Fay, M.E., Ferris, B.G. and Speizer, 
F.E. (1993). 
An association between air pollution and mortality in six US cities. 
New England Journal of Medicine, 329, 1753-1759. 

Georgiades, Y., Chiron, M. and Joumard, R. (1988). 
Establishment of atmospheric pollution standards for motor vehicles. 
Sci. Tot. Environ., 77, 215-230. 

Hedges, A. (1994). Personal communication. 

Murdoch, J. and Barnes, J.A. (1970). 
Statistical tables for science, engineering, management, and business studies. 
MacMillan. 

Peterson, W.B. and Allen, R. (1982). 
Carbon monoxide exposures to Los Angeles area commuters. 
J. Air Pollut. Control Assoc., 32,(8), 826-833. 

Rogers, F.S.M. (1984). 
A revised calculation of gaseolls emissions from UK motor vehicles. 
Warren Spring Laboratory, Stevenage, LR 508(AP)M. 

309 



THE TRANSPORT RESEARCH LABORATORY 

PEDESTRIAN QUESTIONNAIRE 

INTERVIEWER NAME 

LOCATION 

DATE 

INTRODUCTION 

Good morning/afternoon/evening. 

I am <GIVE NAME> of Public Attitude Surveys Ltd, contracted by the Transport 
. Research Laboratory. 

SHOW IDENTITY CARD. DO NOT WAIT TO BE ASI(ED. 

Would It be possible to ask you some questions about the ................ area NAME AREA? 

Answering the questionnaire will take between 5-10 minutes. 

, 



1 Firstly, I would like to ask you a general question. 

I'm going to read out a list of issues. 

Using one of the statements written on this card, would you please tell me how 
worried you personally feel about each of these issues. 

SHOW RESPONDENT CARD 1 AND READ OUT LIST FROM COLUMN A. 

CIRCLE CODE FOR EACH RESPONSE. 

CJ Column A Not at Not Moderately Very Extremely 
all very worried worried worried 

worried worried 

a Health & social 0 1 2 3 4 
services 

b Law & order 0 1 2 3 4 

c Education 0 1 2 3 4 

d Unemployment 0 1 2 3 4 

e Local 0 1 2 3 4 
environment 

f Rising 0 1 2 3 4 
population 

9 Rising prices 0 1 2 3 4 

h Housing 0 1 2 3 4 

i Old age 0 1 2 3 4 
pensions 

j Global 0 1 2 3 4 
environment 

k . Air pollution 0 1 2 3 4 
from road 

traffic 



2 Next I would like to concentrate on some local environmental issues. 

I'm going to read out a list of some possible environmental concerns in .............. . 
NAME AREA. 

Using this card, would you tell me how much these issues bother you when you 
are out walking in .............. NAME AREA. 

SHOW RESPONDENT CARD 2 AND READ OUT LIST FROM COLUMN B. 

CIRCLE CODE FOR EACH RESPONSE. 

~ Column B Not at all Not very Moderately Very Extremely 
bothered bothered bothered bothered bothered 

a Graffiti D 1 2 3 4 

b Litter & D 1 2 3 4 
rubbish 

c Smoke, D 1 2 3 4 . 
fumes and 

odour 

d Amount of D 1 2 3 4 
road traffic 

e Dog mess D 1 2 3 4 

f Ugly \ disused D 1 2 3 4 
buildings 

g Noise D 1 2 3 4 

h Dust & dirt D 1 2 3 4 

I Smog D 1 2 3 4 

j Blackening D 1 2 3 4 
of ·building 

walls 



3a For this question, I would like you to reply using one of the statements written on 
this card, 

SHOW STATEMENTS ON CARD 3 

When you are out walking in """""""'" NAME AREA, how often are you bothered 
or disturbed by the following effects? 

READ OUT LIST FROM COLUMN C AND CIRCLE CODE IN TABLE BELOW. 

GJ Column C Never Occasionally Frequently All the time 

a Smoke, fumes 0 1 2 3 
and odour 

b Dust & dirt 0 1 2 3 

c Noise 0 1 2 3 

d Smog 0 1 2 3 

e Blackening of 0 1 2 3 
building walls 

3b DO NOT ASK IF RESPONDENT ANSWERS 'NEVER' IN QUESTION 30: 

In """"" NAME AREA, what do you think is the main cause of the ,,:,,"",? NAME 
EFFECT FROM COLUMN C. 

RECORD ANSWERS IN TABLE BELOW 

61 Column C 1 Cause I Code (office 1 
use only) 

a Smoke, fumes 
and odour 

b Dust & dirt 

c Noise 

d Smog 

e Blackening of 
building walls 



4a I would like you to think now about smoke, fumes and odour from road traffic, 

Using this scale SHOW SCALE ON CARD 4, would you please choose a number 
which indicates overall, how much you are bothered or disturbed by smoke, 
fumes and odour from road traffic when you are out walking in """"" NAME 
AREA? 

CIRCLE RESPONSE. 0 ... 1 ... 2 ... 3 ... 4 ... 5 ... 6 

IF ANSWER IS '0' GO TO QUESTION 50. 

4b ASI( IF ANSWER TO QUESTION 40 IS NOT '0'. 

What is it specifically about smoke,' fumes and odour from road traffic that 
bothers or disturbs you when you are out walking in "'''''''' NAME AREA? 

RECORD RESPONSE BELOW. 

Sa I would like you to think now about dust and dirt from road traffic. 

Using this scale SHOW SCALE ON CARD 4, would you please choose a number 
which indicates overall, how much you are bothered qr disturbed by dust and dirt 
from road traffic when you are out walking in """"""""'" NAME AREA? 

CIRCLE RESPONSE. 0 ... 1 ... 2 ... 3 ... 4 ... 5 ... 6 

IF ANSWER IS '0' GO TO QUESTION 60. 

5b ASK IF ANSWER TO QUESTION 50 IS NOT '0'. 

What is it specifically about dust and dirt from road traffic that bothers or disturbs 
you when you are out walking in """'''''''"." NAME AREA? 

RECORD RESPONSE BELOW. 



6a For this question, I would like you to reply using one of the statements written on 
this card. 

SHOW STATEMENTS ON CARD 5 

When you are out walking in ............... NAME AREA, how much are you bothered 
or disturbed by the following problems? 

READ OUT LIST FROM COLUMN D AND CIRCLE CODE IN TABLE BELOW. 

[3 Column D Not at all Not very Moderately Very Extremely 
bothered bothered bothered bothered bothered 

a Sore or runny 0 1 2 3 4 
eyes 

b Sneezing 0 1 2 3 4 

c Dirt on your 0 1 2 3 4 
clothes 

d Dirt on your 0 1 2 3 4 
skin, nails or 

hair 

e Irritated throat 0 1 2 3 4 

6b DO NOT ASI( IF RESPONDENT ANSWERS 'NOT AT ALL BOTHERED' TO QUESTION 60: 

In .. ............. NAME AREA, what do you think is the main cause··of the \ your 
............... ? NAME APPROPRIATE EFFECT FROM COLUMN D. 

CIRCLE CODE IN TABLE BELOW 

tJl Column 0 I Cause I u~?~fy) I 
a Sore or runny 

eyes 

b Sneezing 

c Dirt on your 
clothes 

d Dirt on your 
skin, nails or 

hair 

e Irritated throat 



7 Please look at these cards. SHOW CARDS A-F. 

Which of these things causes you personally most botheJ or disturbance when you 
are out walking in ................... NAME AREA? 

CIRCLE CODE IN APPROPRIATE COLUMN BELOW. 

Which next? CONTINUE TO OBTAIN RANI( ORDER FOR EACH ITEM. 

_ .. _-

[J Most Next Next Next Next Next 
most most most most most 

a Noise from road 1 2 3 4 5 6 
traffic 

b Dust & dirt from 1 2 3 4 5 6 
road traffic 

c Smoke, fumes & 1 2 3 4 5 6 
odour from road 

traffic 

d Vibrations from 1 2 3 4 5 6 
road traffic 

e Danger from road 1 2 3 4 5 6 
traffic 

f Splash & spray from 1 "2 3 4 5" 6 
road traffic 

8 This list shows some different types of road vehicles SHOW CARD 6. 

In ................. NAME AREA, which group of vehicles do you think contributes the 
most air pollution to the overall air pollution? 

CIRCLE CODE. Petrol cars ............... 1 

Diesel cars ............... 2 

Buses \ coaches ............... 3 

Lorries ............... 4 

Vans ............... 5 

Motorbikes \ mopeds ............... 6 

Dustcarts ............... 7 



9 Could I ask, how sensitive would you say you are to air pollution in general? 

Using this scale, SHOW SCALE ON CARD 7, please use a number from '0' to '6' 
which indicates how sensitive you are to air pollution in general. 

CIRCLE RESPONSE. 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 

PERSONAL DETAILS 

These remaining questions are standard for most questionnaires and are only used 
for our own classification purposes. Your answers are entirely confidential. 

10 Gender CIRCLE CODE: Male· ..... 1 

Female ..... 2 

11 Using this card SHOW RESPONDENT CARD 8, can you please indicate which age 
group you belong to? 

CIRCLE CODE: Under 18 ...... 1 

18 - 24 ...... 2 

25 - 44 ...... 3 

45 - 64 ...... 4 

65 and over ..... 5 

12 What is the job title of the main wage earner in your household? (PROBE?) 

WRITE IN ___________ _ 

TELL RESPONDENT That is all. Thank you very much for your time. 

I certify that this is a true record of an interview for this survey with a person 
unknown to me and has been conducted within the code of qonduct. 

Signature,I,I".II .. " .. ",.I •••••. I.,. NO.I.I.I.,tllllll •••• IIIIII ••••• ,.,.,11 Date'IOllt""'IIIIIIIIII'I'IIIIIIIIII""" 

Respondent Number. .................................................................. . 



THE TRANSPORT RESEARCH LABORATORY 

~.L 

BUSINESS QUESTIONNAIRE 

(To be completed by any member of staff) 

Name of Buslness ....• , .....•......•....•.•••..• ~ .........•••.. I Location/Town .............................................. . 

1 A number of issues are listed in Table 1 below. 

Using Table 1, please tick the box which Indicates how worried you personally feel about 
each of the issues listed in Column A. 

TABLE 1. 

~ Column A Not at all Not very Moderately Very Extremely 
worried worried worried worried worried 

a Health & social 
services 

b Law & order 

c Education 

d Unemployment 

e Local 
environment 

f Rising 
population 

g Rising prices 

h Housing 

i Old age 
pensions 

j Global 
environment 

k Air pollution 
from road traffic 



2 Table 2 lists s9me possible environmental concerns in your area. 

Using Table 2, please tick the box which indicates how bothered or disturbed you 
personally feel about each of the issues listed in Column B when you are out walking In 
this area. 

TABLE 2. 

~ Column B Not at all Not very Moderately Very Extremely 
bothered bothered bothered bothered bothered 

a Graffiti 

b Litter & rubbish 

c Smoke, fumes 
and odour 

d Amount of road 
traffic 

e Dog mess 

f Ugly \ disused 
buildings 

g Noise 

h Dust & dirt 

I Smog 

j Blackening of 
building walls 

3 Using Table 3 below, please tick the box which indicates overall, how often you are 
bothered or disturbed by eac.h of the effects listed in Column C when you are out walking 
In this area? 

TABLE 3 

~ Column C Never Occasionally Frequently All the 
time 

a Smoke, fumes and 
odour from road 

traffic 

b Dust & dirt from road 
traffic 

c Noise from road 
traffic 

d Smog 

e Blackening of 
building walls 



4 Please consider now smoke, fumes and odour from road traffic in this area. 

Using the scale below, please circle the number which indicates overall, how much you 
are bothered or disturbed by smoke, fumes and odour from road traffic when YOU are out 
walking In this area. 

NOT AT ALL 
BOTHERED 

0 ... 1 ... 2 ... 3 ... 4 ... 5 ... 6 

5 Please consider dust and dirt from road traffic in this area. 

EXTREMELY 
BOTHERED 

Using the scale below, please circle the number which indicates overall, how much you 
are bothered or disturbed by dust and dirt from road traffic when you are out walking in 
this area. 

NOT AT ALL 
BOTHERED 

0 ... 1 ... 2 ... 3 ... 4 ... 5 ... 6 EXTREMELY 
BOTHERED 

6 Using Table 4 below, please tick the box which indicates overall, how much you are 
bothered or disturbed by each of the problems listed in Column D when you are out 
walking in this area? 

TABLE 4 

~ Column D Not at all Not very Moderately Very Extremely 
bothered bothered bothered bothered bothered 

a Sore or runny 
eyes 

b Sneezing 

c Dirt on your 
clothes 

d Dirt on your skin, 
nails or hair 

e Irritated throat 



7 Look at the items listed in Col.umn E of Table 5 below, Choose the item which causes you 
personally the most bother or disturbance when you are out walking in this area, Place 
the number 1 In the box next to this item, From the remaining Items in Column E, choose 
the Item which causes you personally the next most bother or disturbance when you are 
out walking in this area, Place the number 2 in the box next to this item, Continue this 
process until you have ranked the items in Column E from 1 to 6, 

TABLE 5 

I 7 I Column E 

a Noise from road traffic 

b Dust & dirt from road traffic 

c Smoke, fumes & odour from road traffic 

d Vibrations from road traffic 

e Danger from road traffic 

f Splash & spray from road traffic 

8 Thinking now about when yOU are inside the shop \ office, 

Using Table 6 below, pleQse tick the box which indicates overall, how often you are 
bothered or disturbed by each of the effects listed in Column F when you are Inside the 
shop \ office? 

TABLE 6 

~ Column F Never Occasionally Frequently All the 
time 

a Smoke, fumes and odour 
from road traffic 

b Noise from road traffic 

c Vibrations from road 
traffic 

d Dust & dirt from road 
traffic 

9 Please consider again smoke, fumes and odour from road traffic in this area, 

Using the scale below, please circle the number which indicates overall, how much you 
are bothered or disturbed by smoke, fumes and odour from road traffic when you are 
inside the shop \ office, 

NOT AT ALL 
BOTHERED 

0 ... 1 ... 2 ... 3 ... 4 ... 5 ... 6 EXTREMELY 
BOTHERED 



10 Please consi~er dust and dirt from road traffic in this area. 

Using the scale below, please circle the number which indicates overall, how much you 
are bothered or disturbed by dust and dirt from road traffic when YOU are inside the 
shop \ office. 

NOT AT ALL 
BOTHERED 

0 ... 1 ... 2 ... 3 ... 4 ... 5 ... 6 EXTREMELY 
BOTHERED 

11 'Using Table 7 below, please tick the box which indicates overall, how much you are 
bothered or disturbed by each of the problems listed in Column G when you are inside 
the shop \ office? 

TABLE 7 

~ Column G Not at all Not very Moderately Very Extremely 
bothered bothered bothered bothered bothered 

a Sore or runny 
eyes 

b Sneezing 

c Dirt on your 
clothes 

d Dirt on your skin. 
nails or hair 

e Irritated throat 

12 Look at the items listed in Column H of Table 8 below. Choose the item which causes you 
personally the most bother or disturbance when you are inside the shop \ office. Place the 
number 1 in the box next to this item. From the remaining items in Column H, choose the 
item which causes you personally the next most bother or disturbance when you are 
inside the shop \ office. Place the number 2 in the box next to this item. Continue this 
process until you have ranked the items in Column H from 1 to 5. 

TABLE 8 

I 12 II Column H I Rank 

a Noise from road traffic 

b Dust & Dirt from road traffic 

c Smoke. fumes & odour from road traffic 

d Vibrations from road traffic 

e Danger from road traffic 



.. 

13 The list below shows some different types of road vehicles. 

In this area, which group of vehicles do you think contributes the most air pollution to the 
overall air pollution? 

CIRCLE ONE NUMBER. Petrol cars ............... 1 

Diesel cars ............... 2 

Buses \ coaches ............... 3 

Lorries ............... 4 

Vans ............... 5 

Motorbi kes \ mopeds ............... 6 

Dustcarts ............... 7 

14 How sensitive would you say you are to air pollution in general? 

USing the scale below, please circle the number which indicates how sensitive you are to 
air pollution in general? 

NOT AT ALL 
SENSITIVE 

O .. ~1 ... 2 ... 3 ... 4 ... 5 ... 6 

15 Gender PLEASE CIRCLE APPROPRIATE NUMBER 

16 Please indicate which age group you belong to? 

PLEASE CIRCLE APPROPRIATE NUMBER 

EXTREMELY 
SENSITIVE 

Male ..... 1 

Female ..... 2 

Under 18 ..... 1 

18 - 24 ..... 2 

25 - 44 ..... 3 

45 - 64 ..... 4 

65 and over ..... 5 

17 Please write down below the job title of the main wage earner in your household? 

Thank you very much for your cooperation. Please return your completed 
questionnaire in the prepaid envelope. 



THE TRANSPORT RESEARCH LABORATORY 

HOUSEHOLD QUESTIONNAIRE 

INTERVIEWER NAME 

LOCATION 

DATE "' •• 1.,.,.,1 •• ," •••• "111. ' 

INTRODUCTION 

Good morning/ afternoon/ evening. 

I am <GIVE NAME> of Public Attitude Surveys Ltd, contracted by the Transport 
Research Laboratory. 

SHOW IDENTITY CARD. DO NOT WAIT TO BE ASKED. 

Would it be possible to ask you some questions ab.out the .......... area NAME AREA? 

Answering the questionnaire will take 20-30 minutes. 



1 Firstly, I would like "to ask you a general question, 

I'm going to read out a list of issues, 

Using one of the statements written on this card, would you please tell me 
how worried you personally feel about each of these issues, 

SHOW RESPONDENT CARD 7 AND READ OUT LIST FROM COLUMN A. 

CIRCLE CODE FOR EACH RESPONSE. 

--_ .. _-------

CJ Column A Not at Not Moderately Very Extremely 
ali very worried worried worried 

worried worried 

a Health & social 0 1 2 3 4 
services 

b Law & order 0 1 2 3 4 

c Education 0 1 2 3 4 

d Unemployment 0 1 2 3 4 

e" Local 0 1 2 3 4 
environment 

f Rising 0 1 2 3 4 
population 

9 Rising prices 0 1 2 3 4 

h Housing 0 1 2 3 4 

i Old age 0 1 2 3 4 
pensions 

j Global 0 1 2 3 4 
environm"ent 

k Air pollution 0 1 2 3 4 
from road 

traffic 



2 Next I would like to concentrate on some local environmental issues. 

11m going to read out a list of some possible environmental concerns in 
11111""1"'1' •• 1'1" NAME AREA. 

Using this card, would you tell me how much these issues bother you when 
you are out walking In ...................... NAME AREA. 

SHOW RESPONDENT CARD 2 AND READ OUT LIST FROM COLUMN B. 

CIRCLE CODE FOR EACH RESPONSE. 

~ Column B Not at all Not very Moderately Very Extremely 
bothered bothered bothered bothered bothered 

a Graffiti 0 1 2 3 4 

b Litter & rubbish 0 1 2 3 4 

c Smoke, fumes 0 1 2 3 4 
and odour 

d Amount of 0 1 2 3 4 
road traffic 

e Dog mess 0 1 2 3 4 

f Ugly \ disused 0 1 2 3 4 
buildings 

9 Noise 0 1 2 3 4 

h Dust & dirt 0 1 2 3 4 

i Smog 0 1 2 3 4 

j Blackening of 0 1 2 3 4 
building walls 



3a For this question, I'd like you to reply using one of the statements written on this 
card. 

SHOW STATEMENTS ON CARD 3. 

When you are out walking in ..................... NAME AREA, how often are you 
bothered or disturbed by the following effects? 

READ OUT LIST FROM COLUMN C AND CIRCLE CODE IN TABLE BELOW. 

~ Column C Never Occasionally Frequently All the time 

a Smoke, fumes 0 1 2 3 
and odour 

b Dust & dirt 0 1 2 3 

c Noise 0 1 2 3 

d Smog 0 1 2 3 

e Blackening of 0 1 2 3 
building walls 

3b DO NOT ASK IF RESPONDENT ANSWERS 'NEVER' IN QUESTION 30: 

In ................. NAME AREA, what do you think Is the main cause of the .......... ? 
NAME EFFECT FROM COLUMN C. 

RECORD ANSWERS IN TABLE BELOW. 

3b Column C Cause 

a II Smoke, fumes 
and odour 

b Dust & dirt 

c Noise 

d Smog 

e II Blackening of 
building walls 



4a I would like you to think now about smoke, fumes and odour from road traffic. 

Using this scale SHOW SCALE ON CARD 4, would you please choose a number 
which indicates overall, how much you are bothered or disturbed by smoke, 
fumes and odour from road traffic when you are out walking in ................ .. 
NAME AREA? 

CIRCLE RESPONSE. 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 

IF ANSWER IS '0' GO TO QUESTION 50. 

4b ASK IF ANSWER TO QUESTION 40 IS NOT '0'. 

What is it specifically about smoke, fumes and odour from road tr<;:lffic that 
bothers or disturbs you when you are out walking in .................... NAME AREA? 

RECORD RESPONSE BELOW; 

5a I would like you to think now about dust and dirt from road traffic. 

Using this scale SHOW SCALE ON CARD 4, would you please choose a number 
which indicates overall, how much you are bothered or disturbed by dust and 
dirt from road traffic when you are out walking In ................... NAME AREA? 

CIRCLE RESPONSE. 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 

IF ANSWER IS '0' GO TO QUEST/ON 60 

5b ASK /F ANSWER TO QUEST/ON 50 /5 NOT '0'. 

What is it specifically about dust and dirt from road traffic that bothers or 
disturbs you when you are out walking in .................... NAME AREA? 

RECORD RESPONSE BELOW. 



6a For this question, Pd like you to re'ply using one of the statements written on this 
card, ' 

SHOW STATEMENTS ON CARD 5 

When you are out walking in """"""""" NAME AREA, how much are you 
bothered or disturbed by the following problems? 

READ OUT LIST FROM COLUMN D AND CIRCLE CODE IN TABLE BELOW. 

6 
-

Column D Not at all Not very Moderately Very Extremely 
bothered bothered bothered bothered bothered 

a Sore or runny 0 1 2 3 4 
eyes 

b Sneezing 0 1 2 3 4 

c Dirt on your 0 1 2 3 4' 
clothes 

d Dirt on your 0 1 2 3 4 
skin, nails or 

hair 

e Irritated throat 0 1 2 3 4 

6b DO NOT ASK IF RESPONDENT ANSWERS 'NOT AT ALL BOTHERED' IN QUESTION 60: 

In """""""" NAME AREA, what do you think is the main cause of the\your 
"""",,? NAME APPROPRIATE EFFECT FROM COLUMN D. 

CIRCLE CODE IN TABLE BELOW. 

6b Column D Cause 

a II Sore or runny 
eyes 

;;II Sneezl 

c II Dirt on your 
clothes 

~I Dirt on your skin, 
nails or hair 

e II Irritated throat 



7 Please look at these cards. SHOW CARDS A-F. 

Which of these things causes you personally most bother or disturbance when 
you are out walking in .................. NAME AREA? 

CIRCLE CODE IN APPROPRIATE COLUMN BELOW. 

Which next? CONTINUE TO OBTAIN RANK ORDER FOR EACH ITEM. 

CJI I Most Next Next Next Next Next 
most most most most most 

a Noise from road traffic 1 2 3 4 5 6 

b Dust & dirt from road 1 2 3 4 5 6 
traffic 

c Smoke, fumes & odour 1 2 ' 3 4 5 6 
from road traffic 

d Vibrations from road 1 2 3 4 5 6 
traffic 

e Danger from road 1 2 3 4 5 6 
traffic 

f Splash & spray from 1 2 3 4 5 6 
road traffic 

8 Thinking now about when you are inside your home., For this question, lId like 
you to reply using one of the statements written on this card. 

8 

a 

b 

c 

d 

SHOW STATEMENTS ON CARD 6. 

When you are Inside your home, how often are you bothered or disturbed by 
the following effects? 

READ OUT LIST FROM COLUMN E CIRCLE CODE IN TABLE BELOW. 

Column E Never Occasionally Frequently All the time 

Smoke, fumes & odour 0 1 2 3 
from road traffic 

Noise from road traffic 0 1 2 3 

Vibrations from road 0 1 2 3 
traffic 

Dust & dirt from road 0 1 2 3 
traffic 



9a I would like you to think again about' smoke, fumes and odour from road 
traffic. 

Using this scale SHOW SCALE ON CARD 7, would you please choose a 
number which indicates overall, how much you are bothered or disturbed 
by smoke, fumes and odour from road traffic when you are inside your 
home? 

CIRCLE RESPONSE. o ..... 1 I •••• 2 ..... 3 ..... 4 ..... 5 ..... 6 

IF ANSWER IS '0' GO TO QUESTION 700. 

9b ASK IF ANSWER TO QUESTION 90 IS NOT '0'. 

What is it specifically about smoke, fumes and ooour from road traffic that 
bothers or disturbs you when you are inside your home? 

RECORD RESPONSE BELOW. 

lOa I would like you to think now about dust and dirt from road traffic. 

Using this scale SHOW SCALE ON CARD 7, would you please choose a 
number which indicates overall, how much you are bothered or disturbed 
by dust and dirt from road traffic when you are inside your home? 

CIRCLE RESPONSE. 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 

IF ANSWER IS '0' GO TO QUESTION 770. 

lOb ASK IF ANSWER TO 700 IS NOT '0'. 

What is It specifically about dust and dirt from road traffic that bothers or 
disturbs you when you are inside your home? 

RECORD RESPONSE BELOW. 



11 a Still thinking about when you are inside your home, using this card SHOW 
CARD 8 can you tell me how much you are bothered or disturbed by the 
following problems? 

READ OUT LIST FROM COLUMN F AND CIRCLE CODE IN TABLE BELOW. 

-

EJ Column F Not at all Not very Moderately Very Extremely 
bothered bothered bothered bothered bothered 

a Sore or runny 0 1 2 3 4 
eyes 

b Sneezing 0 1 2 3 4 

c Dirt on your 0 1 2 3 4 
clothes 

d Dirt on your 0 1 2 3 4 
skin. nails or 

hair 

e Irritated throat 0 1 2 3 4 

11 b DO NOT ASK IF RESPONDENT ANSWERS 'NOT AT ALL BOTHERED' IN QUESTION 
770: 

Inside your home,' what do you think is the main cause of the \ your .......... ? 
NAME APPROPRIATE EFFECT FROM COLUMN F. 

CIRCLE CODE IN TABLE BELOW. 

llb Column F Cause 

a II Sore or runny 
eyes 

~I Sneezing 

c II Dirt on your 
clothes 

~I Dirt on your skin. 
. nails or hair 

e II Irritated throat 



12 Please look at these cards. SHOW CARDS A-E. [EXCLUDE CARD F] 

Which of these things causes you personally most bother or disturbance 
when you are inside vour home? 

CIRCLE CODE IN APPROPRIATE COLUMN BELOW. 

Which next? CONTINUE TO OBTAIN RANK ORDER FOR EACH ITEM. 

~I I Most Next Next Next Next 
most most most most 

a Noise from road traffic 1 2 3 4 5 

b Dust & dirt from road 1 2 3 4 5 
traffic 

c Smoke, fumes & odour. 1 2 3 4 5 
from road traffic 

d Vibrations from road 1 2 3 4 5 
traffic 

e Danger from road .1 2 3 4 5 
traffic 

13 Altogether then, when you are inside your home, how much are you 
bothered or disturbed by air pollution from road traffic? 

SHOW SCALE ON CARD 9 
CIRCLE RESPONSE. o· ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 

140 Do you have a garden or yard?· 

CIRCLE CODE. Yes ..... 1 

IF RESPONDENT ANSWERS 'NO', GOTO Q 750. No ..... 2 

14b Is your garden \ yard at the back, front or side of the house? 

CIRCLE RESPONSE Back only ..... 1 

Front only ..... 2 

Side only ..... 3 

Back & front ..... 4 

Back & side ..... 5 

Front & side ..... 6 

Back, front & side ..... 7 



140 Can you please look at this card SHOW CARD 9, and indicate how much air 
pollution from road traffic affects your enjoyment of your garden or yard? 

CIRCLE RESPONSE. 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 

IF ANSWER TO QUESTION 14c IS '0' GO TO QUESTION 150. 

14d IF ANSWER TO QUESTION 14c IS NOT '0'. 

What is it specifically about air pollution from road traffic that bothers or 
disturbs you when you are in your garden or yard? 

150 Thinking again about dust and dirt and smoke, fumes and odour from road 
traffic. Some people have told us that sometimes air pollution from road 
traffic affects the way they and their family live at home. 

Do you find that there any jobs that are done around your home which are 
affected by air pollution from road traffic? 

IF ANSWER TO QUESTION 150 IS 'NO' GO TO QUESTION 16. 
IF ANSWER TO QUESTION 150 IS 'YES' GO TO QUESTION 15b. 

Yes ..... 1 

No ..... 2 

15b What are the jobs that are affected bV air pollution from road traffic? 

LIST THE JOBS MENTIONED IN COLUMN IN THE TABLE BELOW. 

Job name 



16 This list sho,ws some different types of road vehicles SHOW CARD 70, 

In ........... ,," NAME AREA, which group of vehicles do you think contributes the 
most air pollution to the overall air pollution? 

CIRCLE CODE. Petrol cars ..... 1 

Diesel cars ..... 2 

Buses \ coaches ..... 3 

Lorries ..... 4 

Vans ..... 5 

Motorbikes \ mopeds ..... 6 

Dustcarts ..... 7 

17 Could I ask, how sensitive would you say you are to air pollution in general? 

Using this scale, SHOW SCALE ON CARD 77, please use a number from 0 to 
6 which indicates how sensitive you are to air pollution in general. 

CIRCLE RESPONSE. 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 

18 How would you describe the amount of traffic passing your home on 
Mondays to Fridays? 

SHOW CARD 12, READ OUT LIST AND CIRCLE RESPONSE. Extremely heavy ..... 1 

Very heavy ..... 2 

Fairly heavy ..... 3 

Moderate ..... 4 

Light ..... 5 

Very little ..... 6 

(Don1t know/varies) ..... 7 

PERSONAL DETAilS 

These remaining questions are standard for most questionnaires and are only 
used ,for our own classification purposes, Your answers are entirely confidential. 

19 Gender CIRCLE CODE: Male ..... 1 

Female ..... 2 



20 Using this card SHOW CARD 73, can you please indicate which age group 
you belong to? 

CIRCLE CODE. 

21 a Have you ever smoked a cigarette, cigar or a pipe? 

CIRCLE CODE. 

IF RESPONDENT SA YS 'NO', GOTO Q22. 

21 b Do you still smoke? 

CIRCLE CODE. 

Under 18 ..... 1 

18 - 24 ..... 2 

25 - 44 ..... 3 

45 - 64 ..... 4 

65 and over ..... 5 

Yes ..... 1 

No ..... 2 

Yes ..... 1 

No ..... 2 
22 What is the job of the main wage earner in your household? (PROBES?) 

WRITE IN ____________ _ 

TELL RESPONDENT That Is all. Thank you very much for your time. 

AFTER THE SESSION COMPLETE THE FOLLOWING: 

Distance from nearest wall of building to kerbside\edge of road: 

Distance Circle code 

Under Y2 yard 1 
V2 to under 11/2 yards 2 

1 V2 to under 3 yards 3 
3 yards to under 6 yards 4 
6 yards to under 12 yards 5 

12 yards to under 24 yards 6 

24 yards to under 48 yards 7 
48 yards or over 8 

I certify that this is a true record of an interview for this survey with a person unknown to me 
and has been conducted within the code of conduct. 

Signature ............................. . No .................................... . Date ...................................... .. 

Respondent Number ................................................................... . 
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