








































































































































































































































































































































































































































































































































































































































































































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.

Road traffic Birmingham Caraiff Coventry | BEdinburgh | Sheffield | Wood Green | Overall
disturbance

Noise 2.0 1.8 1.9 1.8 2.1

Dust/dirt

Smoke, fumes &
odour

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 Birmingham | Cardiff | Coventry | Edinburgh | Sheffield Wood Overall
disturbance Green
Smoke, fumes 22 2.2 2.3 2.4 2.4 24 2.3
& odour
Danger 2.5 2.6 2.7 . 2.4 2.5 2.5 2.5
Dust/dirt 3.3 33 33 3.4 3.2 3.6 34
Noise 33 3.6 3.2 3.6 3.7 35 35
Splash and
spray

Vibrations

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 vehicle-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 irritant/health 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 (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 Meteoroiogical 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).

Percentiles
Units N* Mean | Minimum Maximum
10 25 50 75 90 95 98
Wind speed m/s 1363 1.5 0.0 0.4 0.8 1.1 2.0 3.0 35 4.2 6.0 »
* Number of readings
Table 6.2
Statistical summary of meteorological parameters recorded at Site WG-C (August - October 1992).
Percentiles
Units N* Mean | Minimum , Maximum
10 25 50 75 90 95 98

Wind speed m/s 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 6.3
Wind speeds recorded at Site WG-C in 1992.
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Trends in hourly average temperatures recorded at Heathrow in 1991.
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Trends in hourly average temperatures recorded at the London Weather Centre in 1992.
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'Wind speeds recorded at Heathrow in 1991.
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Figure 6.7
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.

Month

Site location

Number of hourly

Temperature (°C)

Mean Median Range v
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 0.0-244
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
Table 6.4
Locally and regionally recorded wind directions.
Dominant wind direction (Degrees from North)
Site Local Regional
E-R - 0-45
E-C - 0-45
WG-R 135 - 180 225 - 280
WG-C 135 - 180 225 - 280
% diesels
36
sof
25 -
20 F
15
10}
5 -
i ] 1 1 1 1 1 | i

0 -
6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

hour beginning

—+— Madeley Rd, Ealing

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).

Concentration units Arithmetic mean Standard deviation
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
NO,/NO, % 64.6 15.1
Vehicle flow
Madeley Rd” " vehicles/hour 474 305
* The actual mobile laboratory 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
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
NO,/NO, % 73.5 15.7
Vehicle flow
Gladstone Avenue vehicles/hour 76 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
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 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
NO,/NO, % 46.6 12.6
Vehicle flow
High St vehicles/hour 494 301
Broadway vehicles/hour 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
Gaseous pollutant
Carbon monoxide ppm 3.3 2.1
Nitric oxide ppb 171.6 112.8
Nitrogen dioxide ppb 95.9 4.1
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 A 0.6
Methane ppm 2.1 0.9
Total hydrocarbons ppm 2.7 1.2
NGQO,/NO, % 39.0 7.3
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.

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 vehicles/hour at Site E-C). Vehicle
speeds were similar at both commercial sites. Although the commercial sites exhibit higher
average hourly concentratidns of NO, than residential sites, they have markedly lower NO,/NO,
ratios. This is probably partly due to the proximity of the pollutant source to the monitor. In
addition, it is likely that the NO,/NO, ratios at the commercial sites (which have hfgher NO
levels) are reduced by the lack of available O, for NO-»NO, conversion. This hypothesis is
supported by the data presented in Tables 6.5-6.8, which display the existence of lower

concentrations of O, at the commercial sites.

Vehicular emission of SO, by petrol engines is minimal, although this pollutant is emitted in
larger quantities by diesel engines. SO, is therefore not considered to be a major vehicular

primary pollutant. The concentrations of SO, recorded at the residential sites are similar to

223



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) kerbside 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). SO, 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 NO,, SO, and O,,
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 SO, and O,,
but sometimes ‘poor’ for NO,, 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.

Catégory " Site »
Category l(’pa::; | =Ec E-R WG-C WG-R
NO,
Very Good <50 48.2 66.6 13.8 66.6
Good 50-99 40.0 310 4.4 21.5
Poor 100-299 11.8 24 41.7 5.8
Very Poor 2300 0.0 0.0 0.1 0.1
SO,
Very Good || <60 - 100.0 80.8 99.9
Good | 60-124 - 0.0 19.2 0.1
0,
VeryGood [ <50 || 100.0 100.0 100.0 99.9
Good | sos [ o0 0.0 0.0 0.1

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 122 pg/m® 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, propanal, benzaldehyde and iso-valeraldehyde were

not detected at either survey location.

Table 6.10
Carbonyl compound concentrations at the monitored sites (ug/m?).

Site Carbonyl compound N® Arithmetic mean Standard deviation

ER (17" Formaldehyde 10 32.0 (25.6)° 30.8 (24.7y°
Acetaldehyde 15 5.2 2.8y 5.8 (3.2
Hexanal 12 9.2 2.2)° 5.3 (1.3
Crotonaldehyde 17 3.5 (1.2 2.6 (0.9

E-C (9)° Formaldehyde 8 29.9 (24.0y 36.0 (28.8)°
Acetaldehyde 9 2.9 (1.6)° 0.6 (0.3)°
Hexanal 9 5.1 (1.2 0.9 (0.2)°
Crotonaldehyde 9 1.4 (0.5)° 0.4 (0.1

WG-R (40)° Formaldehyde 37 5.4 4.3y 3.1 2.5y
Acetaldehyde 38 3.7 2.0y 3.3 (1.8y
Hexanal 23 3.4 (0.8)° 1.6 (0.4)°
Crotonaldehyde 40 1.6 (0.5)° 0.8 (0.3)°

WG-C (7)° Formaldehyde 7 9.2 (7.4F 5.3 4.2y
Acetaldehyde 7 4.3 (2.3)° 2.6 (1.4y
Hexanal 5 1 11.4Q.7r 13.3 (3.2
Crotonaldehyde 0 - -

* Number of samples in which compound was detected.

® 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 (ug/m?).

Carbonyl compound N* Arithmetic mean Median Standard deviation
Morning (19)°
Formaldehyde 18 4.8 (3.8)° 3.8 (3.0 3.1 2.5F
Acetaldehyde 17 3.2 (1.7r 2.4 (1.3 1.9 (1.0)°
Hexanal 13 3.6 (0.9) 2.9 (0.7y 1.9 (0.5)
Crotonaldehyde 19 1.5 (0.5} 1.3 (0.4 0.7 (0.2)°
Afternoon (21)°
Formaldehyde 19 5.9 4.7¢ 4.9 3.9y 3.0 2.4y
Acetaldehyde 21 4.1 2.2y 3.5 (1.9 4.1 2.2y
Hexanal 10 3.2 (0.8 3.2 (0.8) 1.2 (0.3)¢
Crotonaldehyde 21 1.7 (0.6)° 1.6 (0.5)° 0.8 (0.3)°
* Number of samples in which compound was detected.
® 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.
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 116.9 11.5
Sulphur dioxide ppb 10.7 12.7
NO,/NO, % 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 MI1. The CO and NO,
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Table 6.13

Ambient hourly pollutant concentrations recorded at the EUN Site in Cardiff.

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
NO,/NO, % 65.9 17.8
Table 6.14
Ambient hourly pollutant concentrations recorded at the EUN Site in Edinburgh.
Concentration units Arithmetic mean Standard deviation
Carbon monoxide pPpm 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
NO,/NO, % 59.6 16.7
Table 6.15
Ambient hourly pollutant concentrations recorded at the DoE Site in Sheffield.
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
NO,/NO, % 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 NO, concentrations being similar to those
. determined (by diffusion tubes) at commercial areas in Manchester during 1986-1991 (QUARG,

1993a). The SO, 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 NO,/NO, 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 NO,/NO, ratio was recorded at
Sheffield, which like the roadside commercial sites, predicted a mean NO concentration higher

than the mean NO, 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
NO,, SO, and O,. The categorisation, displayed in Table 6.16, indicates that the air quality was
typically ‘very good’ for all pollutants at all EUN/DoE locations.

Table 6.16
Air quality characterisation for EUN/DoE sites expressed as the percentage of time spent in
each category during the sampling period.

Category " ' Site

Category bands — = =
(ppb) " Birmingham Cardiff Edinburgh Sheffield

NO, .
VeryGood || <50 [ 965 98.6 97.6 910
Good || 5099 | 35 1.4 2.4 8.5
Poor [ 100299 [ 0.0 0.0 .00 0.5
SO, |
VeryGood [ <60 |  98.8 99.8 99.8 -
Good | 60-124 || 11 0.1 0.2 -
Poor | 125399 | 0.1 0.1 0.0 -
0, |
VeryGood [ <50 || 99.6 98.1 100.0 -
Good [ sos || o4 1.9 0.0 .

In addition to data from the EUN/DoE sites, gaseous pollutant concentrations recorded by local
authorities using DOAS (Differe;ltial 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 NO,, O, and SO, are very similar to those recorded at the
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nearby EUN site (Table 6.13). The NO, 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 SO, data already reviewed was further corroborated by a comparison with data recorded
using 8-port smoke/SO, samplers by local authorities for 24-hour ambient SO, 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 (ug m™).

Pollutant Arithmetic mean Standard deviation
Benzene 32 (9.8) 12 (3.7)
Toluene 41 (10.7) 30 (7.8)
Nitrogen dioxide 59 (30.8) 27 (14.1)
Ozone 46 (23.0) 22 (11.0)
Sulphur dioxide 22 (8.3) 27 (10.2)
Figures in brackets refer to concentrations in ppb, assuming an ambient temperature of 20°C and
an atmospheric pressure of 1013 mb. '

Table 6.18
Ambient hourly pollutant concentrations recorded by OPSIS at a rooftop site in central
Coventry (ug m™).
Pollutant Arithmetic mean 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) 2049
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 (ug m?). .

Pollutant Arithmetic mean 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 (18.4)
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 SO, concentrations recorded by 8-Port at Local Authority Sites (ug/m®).
Site 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 (15.9) 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

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 ez al, 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
distributéd 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 midsummaries (the 25th, 50th and 75th percentiles) become progressively larger, suggesting
that the distributions are skewed right. The statistics also clearly indicate that the NO,/NO,
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).

6.8 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.

231



Frequency (count)

160

0O t 2 8 4 & 6 7 8 9 W M 12
Carbon monoxide concentration {ppm)

Frequency (oount)
250

(b)
200 1

1560

100 -

60 1

0 80 100 10 200 260 800 860 400 460.
Nitric oxide concentration (ppb)

Frequency (count)

8§00

(c)

400 -

300

200 -

100 -

0- ——
1] 1 2 3 4 ] [} 7 8 9 10
Non-methane hydrocarbons conc. (ppm)

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 | Mimtmum [0 25 50 75 90 95 gg | VEHmum
Pollutant
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 72.8 84.0 105.0 182.2
Total oxides of nitrogen pprb 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 14 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
NO,/NO, % 1254 28.1 45.7 53.5 63.1 75.4 86.4 91.4 95.9 100.0
Traffic flow
Madeley Rd vehicles/hour 2255 12 42 159 523 748 840 874 909 1383
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Statistical summary of hourly gaseous pollutant concentrations and traffic flow at Site WG-R.

Table 6.22

Percentiles

Units N | Minimum 1 25 50 75 90 95 gg | i
Pollutant
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 pprb 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,/NO, % 2011 26.3 48.1 | 64.7 76.1 86.7 91.3 93.3 94.9 100.0
Traffic flow
Gladstone Avenue vehicles/hour 1707 0 4 14 49 131 178 223 252 - 478
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Table 6.23 ,
Statistical summary of hourly gaseous pollutant concentrations and traffic flow at Site E-C.

: Percentiles

Units N Minimum 10 25 50 75 90 95 98 Maximom
Pollutant
Carbon monoxide ppm 957 0.1 0.5 1.0 2.1 3.9 57 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 prb 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
NO,/NO, % 1063 22.1 32.2 371 | 442 54.5 64.6 70.8 76.0 88.2
Traffic flow )
High St " vehicles/hour 1009 14 59 184 550 772 843 878 915 1039
Broadway " vehicles/hour 2296 | 0 189 552 1328 1599 1733 1862 2002 2639
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Table 6.24
Statistical summary of hourly gaseous pollutant concentrations and traffic flow at Site WG-C.

Percentiles

Units N Minimum 10 25 50 75 90 95 98 Maximum
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 A0.6 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
NO,/NO, % 1364 13.1 31.3 34.0 37.8 41.9 48.0 53.3 58.7 83.1
Traffic flow
High Rd Northbound vehicles/hour 1079 0 104 235 559 664 740 780 805 902
High Rd Southbound vehicles/hour 995 0 123 344 709 782 877 1195 1285 1390
High Rd Total vehicles/hour 995 108 338 687 1315 1467 1584 1648 1790 2049
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Table 6.25

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

Percentiles

Pollutant Units N Minimum 10 25 50 25 %0 95 08 Maximum
Carbon monoxide ppm 4180 0.0 0.2 0.3 0.5 0.8 1.1 1.4 1.7 3.5
Nitric oxide pprb 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 71.0
Sulphur dioxide ppb 4134 0.0 2.0 4.0 7.0 12.0 24.0 35.0 51.0 196.0
NO,/NO, | % 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
Pollutant Units N Minimum 10 25 50 75 %0 o5 08 Maximum
Carbon monoxide Ppm 4181 0.0 0.1 0.3 0.5 0.7 1.1 1.4 2.0 12.0
Nitric oxide ppb 4185 0.0 2.0 4.0 8.0 20.0 49.0 75.0 115.0 687.0
Nitrogen dioxide ppb 4185 0.0 8.0 14.0 23.0 31.0 38.0 41.0 47.0 77.0
Ozone ppb 4211 1.0 3.0 7.0 17.0 27.0 34.0 39.0 49.0 85.0
Sulphur dioxide ppb 4202 0.0 2.0 3.0 4.0 8.0 14.0 19.0 26.0 144.0
NO,/NO, % 4183 9.5 39.1 55.5 69.2 79.3 86.7 90.0 92.6 100.0
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Table 6.27

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

‘ Percentiles

Pollutant Units N Minimum 10 05 50 75 %0 o5 08 Maximum
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 40.0 440 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,/NO, % 4170 9.4 36.4 47.2 61.1 72.2 81.0 85.7 88.9 100.0
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Table 6.28

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

Percentiles
Pollutant 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,/NO, % 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 concentrations, shown in Figure
6.12(e), does not display a recognisable pattern, although some SO, and traffic peaks do
coincide. As with hydrocarbon concentrations, SO, 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(f),
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 sitg
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 A10).

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 SO, 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 SO, since
the reduction of SO, levels at the weekend suggests that the influence of domestic space heating

is minor.

The relationship between traffic flow and NO, 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 NO, peaks were quite broad, and were possibly influenced by the input of

NO, (as a result of NO—NO, 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 O, peaks are more distinct and discrete

at this location.

6.8.2 The analysis of time series plots for commercial sites

6.8.2.1 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
residential 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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(d) Traffic flow and ozone plotted against time.
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Time series plots of gaseous pollutants recorded at the mobile laboratory, at site E-C.




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 étrong 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 NO, and O, 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
NO, levels, with peak concentrations typically occuring an hour or two after peak traffic flows.
The broad NO peak on Frida)} 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 vMondays to Thursdays, O,
concentrations tef,nd 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 actiility. The presence of relatively large NO peaks on Friday and
Sunday nights result in less distinct O, 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 (je 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 08:00-09:00
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 M1, 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 6.15(c).
Methane levels vary little with traffic density, whiie 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 NO, and O, in conjunction with traffic flow are illusfrated in Figure
6.15(b, d & e). The time series plots indicate a strong relationship between traffic densities and
NO, 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 O, 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, O, 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 O, 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 O, and CH, were not significantly correlated with traffic flow at the
commercial sites. These exceptions are unsurprising since O, is a secondary pollutant and CH,
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
SO, 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 O, and SO, (both sites), and CH, (Site WG-R).
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Table 6.29

Correlation matrix for data recorded at Site E-R.

co
NO 0.903
NoO, 0.830
NOy 0.902
o, -0.396
S0, 0.225
NMHC 0.827
CH, 0.053
THC 0.716
Traffic 0.629
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Table 6.30
Correlation matrix for data recorded at Site WG-R.

co
NO 0.898
NO, 0.874
NO 0.907
0O, -0.638
SO, 0.561
NMHC 0.855
CH, 0.234
THC 0.460
Traffic 0.533
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Table 6.31
Correlation matrix for data recorded at Site E-C.

CcO
NO 0.939
NO, 0.909
NOy 0.939
O, -0.389
NMHC 0.932
CH, 0.358
THC 0.926
Traffic 0.522
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Table 6.32
Correlation matrix for data recorded at Site WG-C.

CcO Traffic -
Northbound
NO 0.860
NO, 0.880
NOy 0.870
0, -0.416
SO, 0.612
NMHC 0.896
CH, 0.379
THC 0.704
Traffic - Northbound || 0.572
Traffic - Southbound 0.535
Traffic - Total 0.616

Traffic -
Southbound




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—»NO, 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 (ug/m®).
Site ’ N Median Arithmetic mean Standard deviation
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 2.2

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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Figure 6.17
Mean daily black smoke concentrations recorded at the Ealing location.
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Figure 6.18
Mean daily black smoke concentrations recorded at the Wood Green location.
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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 (ug/m®).
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 12 356 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 aritimetically 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 rooftop 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.

Daily black smoke concentrations reco'l;ggcliebg.zés-Port at Local Authority Sites (ug/m®).
Site 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 - May 1993 9 13 11
! Values recorded in Percival House, Uxbridge Rd, W5, close to the Ealing Commercial site.
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PM,, 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 PM,, 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 PM,, levels to compare with this data, although the values fall
well below the US EPA annual mean guideline of 50 ug/m®.

Table 6.36
PM,, concentrations recorded at EUN sites (ug/m®).
EUN Site Arithmetic mean Standard deviation
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 (Tables 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.

Percentiles
Site N Min 25 50 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.

Percentiles

Time period N Min 25 50 75 Max
Site E-R
06:00 - 10:00 1 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;, concentrations recorded by local authorities.

Percentiles
EUN Site N Min 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 gnly 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 from 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 an_d dirt

* & & o o

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.

L4 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, NO,, SO,, and O, 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,) and 6-17 ppb (SO,). 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 O, 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 O, concentrations. The '
O, 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 O, conéentratidns
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 vehicle-derived
smoke, fumes and odour and mean CO concentrations.
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Figure 7.2
Scatterplot showing the relationship between outdoor disturbance from vehicle-derived
smoke, fumes and odour and mean NO, concentrations.
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Scatterplot showing the relationship between outdoor disturbance from vehicle-derived
smoke, fumes and odour and mean SO, concentrations.
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Figure 7.4
Scatterplot showing the relationship between outdoor disturbance from vehicle-derived
smoke, fumes and odour and mean O, 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 (EUN) 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.

L4 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 influence 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 little
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‘distu'rbance 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 pg/m’. 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

267




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:

ODgo = 3.03 + (0.0504 x S) ®R? = 3.3%) Equation 7.1

where:
ODg;, = outdoor disturbance score from vehicle-derived smoke, fumes and odour

S = black smoke concentration in ug/m®

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.

Table 7.1 _
Observed and estimated outdoor disturbance scores from vehicle-derived smoke, fumes and
odour. :
Black smoke Observed disturbance Estimated disturbance

Site concentration (ug/m’) score score

- 0" - 3.0
Edin-R 3 2.0 3.2¢
Edin-R 3 3.3 3.2
B-R 5 3.3 3.3
Cov-RC 5 3.3 3.3
BR 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 3.5%
CR 10 3.7 3.5
CR 10 34 3.5

- 60" - 6.0

* Hypothetical smoke value R Large residual.
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Figure 7.5
Scatterplot showing the relationship between outdoor disturbance from vehicle-derived
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Figure 7.6
Scatterplot showing the relationship between outdoor disturbance from vehicle-derived
smoke, fumes and odour and median black smoke concentrations (local authority only).
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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 pg/m’®, 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 pg/m’
would give an estimated disturbance score of 6.0, the maximum value possible on the 7-point
scale. This is not an unreasonable situation, since recently recorded UK urban background
black smoke concentrations have peaked at about 40 ug/m* (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 ug/m’.

7.4 Outdoor disturbance from vehicle-derived dust and dirt
The relationship between the outdoor disturbance scores for dust and dirt and the pollutaﬁts .
CO, NO,, SO,, O; 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 (NO,) and 6-17 ppb (SO,). 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 O, (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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OD,, = 2.46 + (0.0786 x S) 2 = 6.5%) Equation 7.2

where:
OD,, = outdoor disturbance score from vehicle-derived dust and dirt

= black smoke concentration in pg/m*

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 ANOVA 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.

Black smoke Observed disturbance Estimated disturbance

Site concentration (ug/m’) 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
SR 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 3.2%
C-R 10 3.4 3.2
C-R 10 3.1 3.2

- 45" - . 6.0

* Hypothetical smoke value R Large residual.

With these uncertainties in mind, using a black smoke concentration of 0 ug/m® 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 pg/m®, 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.

7.5 Indoor disturbance from vehicle-derived smoke, fumes and odour

Scattefplots 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 O, (Figure 7.16) displays disturbance
scores ranging from 1.7-3.3 (low to moderate disturbance) over a wide range of O, 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:
IDgro = 0.998 + (0.129x S) R? = 33.2%) Equation 7.3

where: :
IDgo = indoor disturbance score from vehicle-derived smoke, fumes and odour

S = black smoke concentration in pg/m®

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 ug/m® 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 ug/m®, 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.
Black smoke Observed disturbance Estimated disturbance
Site concentration (ug/m®) score score
- 0" - 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 1.9%
S-C 9 2.3 2.2
C-R 10 1.9 2.3
- 39* - 6.0
* 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:
IDpp = 1.34 + (0.105x S) R? = 24.0%) Equation 7.4
where:

IDyp = indoor disturbance score from vehicle-derived dust and dirt

S = black smoke concentration in ug/m’
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Figure 7.21 Scatterplot showing the relationship
between indoor disturbance from vehicle-derived
dust and dirt and mean SO, concentrations.
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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 4 1.5 and + 0.2 respectively.

Using a black smoke concentration of 0 ug/m®, 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

pg/m®, the same value predicted to cause maximum disturbance outdoors.

Table 7.4
Observed and estimated indoor disturbance scores from vehicle-derived dust and dirt.

Black smoke Observed disturbance Estimated disturbance
Site concentration (ug/m?) score score
- o* - 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 ' 2.0%
Edin-C 7 2.9 2.1%8
S-C 9 2.2 2.3
C-R 10 2.2 2.4
- 45" : - ‘ 6.0
* Hypothetical smoke value - R Large residual.

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 vélues;

. NTNF estimated maximum CO concentrations for individual homes and plotted these
figures against disturbance. The Cb 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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L 4 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 pg/m®), 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 ug/m®. 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 ug/m* outdoor disturbance
from vehicle-derived pollutants would be moderate, while indoor disturbance would be very
low. This suggests that factors other than actuai 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 irritanf/health effects (Whitelegg er al, 1994; Aas er al,
1991; Morton-Williams et al, 1978), although the derived relationships are far from conclusive.
Factors such as danger, noise, severance, perceived damage to hl'xman> 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 there 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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Estimated outdoor disturbance from vehicle-derived smoke, fumes and odour.
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Figure 7.36

Estimated outdoor disturbance from vehicle-derived dust and dirt.
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Figure 7.37

Estimated indoor disturbance from vehicle-derived smoke, fumes and odour.
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Estimated indoor disturbance from vehicle-derived dust and dirt.
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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 pg/m® 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 7.5
Index for the evaluation of nuisance from vehicle-derived pollution.
Mean disturbance score Magnitude of disturbance
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.

Magnitude of disturbance
Nui ffect Residential area Commercial area
isance etfee 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.

Nuisance effect

Estimated disturbance

Residential area

Commercial area

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
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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 O, may cause some public nuisance through their
contributions to photochemical smogs, odour and physical irritation, but urban concentrations

of CO, NO, and SO, 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 of TRL’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 NO,/NO, ratios were
markedly lower at the commercial sites, reflecting the lack of available O, for NO-NO,
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conversion. Atypically, a significant correlation between traffic flow and SO, levels was
recorded at Site WG-C. This observation, and the unusually high mean SO, 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 SO, and O,, but sometimes ‘poor’ for NO,, especially at Site
WG-C. This particular example of regularly elevated roadside NO, concentrations raises the
questibn 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 EUN/DoE 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 NO, and O, 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 of TSP 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
fecession, 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 ez al, 1978) and NTNF (Aas et al, 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 efc 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) experiehce 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 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 l
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 irritant/health 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
ﬁndirigs 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 Recominéndations 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 impoftant 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 quality. 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.
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PEDESTRIAN QUESTIONNAIRE

INTERVIEWER NAME  oooooevoeeesoseoosesoo |

LOCATION = i,

DATE e,

INTRODUCTION

Good morning/afternoon/evening.

| am <GIVE NAME> of Public Atfitude 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 aboutthe ................ area NAME AREA?

Answering the questionnaire will take between 5-10 minutes.




Firstly, | would like to ask you a general question,

I'm going 1o 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.

1 Column A Not at Not Moderately Very Extremely
all very worried worried worried
- worried worried
a Health & social 0 1 2 3 4
It services '
| o || Law & order 0 | 2 3 4 f
C Education 0] 1 2 3 4 "
d Unemployment 0 1 2 3 4
e Local 0 ] 2 3 4
environment
f Rising 0 1 2 -3 4
population H
g Rising prices 1 2 3 4
h Housing 1 2 3
i Old age 0 1 2 3
pensions
j Global 0 1 2 3 4
environment
k . Air pollution 0 1 2 3 4
from road :

fraffic




2 Next | would like 1o concentrate on some local environmentat issues.

I'm going to read out a list of some possible environmental concernsin ...............
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.

%

2 Column B Not at all | Not very | Moderately Very Extremely
bothered | bothered | bothered | bothered | bothered
a Graffiti 0 1 2 3 4 _-l
b Litter & 0 1 2 3 a |
rubbish _
c Smoke, 0 I B 2 3 4
" fumes and N
odour v
d Amount of 0o 1 2 3 4
road traffic ' :
e Dog mess 0 1 2 3
t f || Ugly\disused 0 1 2 3 4
[ buildings
g I Noise 0 1 2 3 4
h Dust & dirt 0 ] 2 3 4 "
i Smog 0 1 2 3 4
j Blackening 0 1 2 3 4
of building

walls




3a

3a Column C Never Occasionally Frequently All the time

For this question, | 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 .........cceees 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.

Smoke, fumes 0 1 2 3
and odour

Dust & dirt

Noise

~_Smog

o |la o |o

O O |O |O
N N NN
W W |w Jw

Blackening of
building walls

3b

DO NOT ASK IF RESPONDENT ANSWERS 'NEVER' IN QUESTION 3a:

N ......... 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 ‘ Code (office
' : use only)

a Smoke, fumes "
and odour
o Dust & dirt
c Noise
d Smog
e Blackening of
building walls




4a

4b

Sa

Sb

| 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 5a.

ASK IF ANSWER TO QUESTION 4a IS NOT ‘0.

What is it specifically about smoke, fUmes and odour from road ftraffic that
bothers or disturbs you when you are out walking in .......... NAME AREA?

RECORD RESPONSE BELOW.

| 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 ............c..... NAME AREA?

CIRCLE RESPONSE. 0..1..2..3..4..5..6
IF ANSWER IS '0' GO TO QUESTION éa.

ASK IF ANSWER TO QUESTION 5a 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 ..o NAME AREA?

RECORD RESPONSE BELOW.




6a For this question, | 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.

6a 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
Sneezing 0 1 2 3
Dirt on your 0 1 2 : 3
clothes
d Dirt on your 0 1 2 3 4
skin, nalls or
hair
e Irritated throat 0 1 2 3 4

~6b DO NOT ASK IF RESPONDENT ANSWERS 'NOT AT AU. BOTHERED' TO QUESTION éa:

IN v 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 Code
(office
L use only)
a Sore or runny
eyes
b Sneezing
c Dirt on your
clothes
d Dirt on your
skin, nails or
hair
e irritated throat




Please look at these cards. SHOW CARDS A-F.

Which of these Thin‘gs 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.

7 Most Next Next Next Next Next
most most most most most
a Noise from road 1 2 3 4 5 o)
traffic
b Dust & dirt from 1 2 3 4 5 6
road traffic
c Smoke, fumes & - 1 2 3 4 5 o)
odour from road
traffic
d Vibrations from ] 2 3 4 5 o)
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

-----------------

CIRCLE CODE.

This list shows some different types of-rood vehicles SHOW CARD 6.

Petrol cars

Di

esel cars

Buses\coaches

Lorries

Motorbikes \mopeds

Dustcarts

NAME AREA, which group of vehicles do you think contributes the
most air pollution to the overall air pollution?




Could | 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 'C' to '¢'
which indicates how sensitive you are to air pollution in general,

CIRCLE RESPONSE. 0... 1.... 2.... 3 ... 4 ... 5... 6

PERSONAL DETAILS

10

11

12

These remaining questions are standard for most questionnaires and are only used
for our own classification purposes. Your answers are entirely confidential.

Gender CIRCLE CODE: . Mdle .....1
Female .....2
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 ..... S

What is the job title of the main wage earner in your household? (PROBE?)

WRITE IN

TELL RESPONDENT Thatis all. Thank you very much for your time,

| 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........coovviviiiiinnn NO i Date..ccciiniiiiniinn,
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BUSINESS QUESTIONNAIRE

(To be completed by any member of staff)

Name of Business

-----------------------------------------------

Location/Town

------------------------

-----------------------

1

TABLE 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,

—

Column A

Not at all
worried

Not very

- wortied

Moderately
worried

Very
worried

Extremely
wortied

Health & social
services

Law & order

Education

Unemployrhent

o |a o |T

Local
environment

Rising
population

Rising prices

Housing

 Old age
pensions

Global
environment

Alr pollution
from road traffic




2 Table 2 lists some possible environmental concerns in your areq.

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 areaq.
TABLE 2.
2 Column B Not at all Not very Moderately Very Extremely
bothered | bothered bothered bothered | bothered
a : Graffitl

Litter & rubbish

Smoké, fumes
and odour

Amount of road
traffic

Dog mess

Ugly \disused
bulldings

d
e
f

g Noise -
h Dust & dirt
i
J

Smog

Blackening of
bullding walls

3 Using Table 3 below, please tick the box which indicates overall, how often you are
bothered or disturbed by each of the effects listed in Column C when you are out walking
In this area? ' .

TABLE 3

3 Column C Never Occasionally | Frequently All the
fime

Q Smoke, fumes and
odour from road
traffic

b Dust & dirt from road
traffic

c ' Nolise from road
traffic

Smog

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 areq.

NOT AT ALL 0..1...2...3...4..5..6 EXTREMELY
BOTHERED BOTHERED

5 Please consider dust and dirt from road iraffic 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 out walking in

this areq.
NOT AT ALL 0..1...2...3...4..5..6 EXTREMELY
BOTHERED 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
i )
6 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,
nalls or hair

e Irritated throat




7 Look at the items listed in Column E of Table 5 below. Choose the item which causes you
personally the most bother or disturbance when you are out walking in this areq. Place
the number 1 in the box next to thisitem. 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 areq. 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

L 7 Column E

Noise from road trdffic

Dust & dirt from road traffic

Smoke, fumes & odour from road traffic

Vibrations from road traffic

O | |O |TU |Q

Danger from road traffic

—n

Splash & spray from road traffic

8 Thinking now about when you are inside the shop \office.

Using Table 6 below, plegse 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

8 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 areaq.

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 0...1...2...3..4...5...6 EXTREMELY
BOTHERED - BOTHERED




10 Please consider dust and dirt from road traffic in this area.

Using the scale below, pleqsé 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 0..1..2..3...4..5...6 EXTREMELY
BOTHERED 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
11 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 itemslisted in Column H of Table 8 below. Choose the item which causes you
personally the most bother or disturbance when vou 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 untit you have ranked the items in Column H from 1 to 5.

TABLE 8

12 Column H Rank

Noise from road traffic

Dust & Dirt from road traffic

Smoke, fumes & ododr from road traffic

Vibrations from road traffic

O jQa |0 |TU |Q

Danger from road traffic




13 The list below shows some different types of road vehicles.

In this areqa, which grbup of vehicles do you think contributes the most gir pollutionto the
overall air pollution?

CIRCLE ONE NUMBER. ‘ Petrol cars ......ccevveees 1
Diesel cars ........counes 2

Buses\coaches .............. 3

Lorries ....cvvueenne 4

vans ..., 5

Motorbikes \mopeds ..........ee... 6

‘ Dustcarts .....c.c....... 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 poliutionin general? ‘

NOT AT ALL 0..1...2...3...4...5..6 EXTREMELY
SENSITIVE SENSITIVE
15 Gender PLEASE CIRCLE APPROPRIATE NUMBER . . Madle ....1

. ' Female .....2

16 Please indicate which age group you beiong to?

PLEASE CIRCLE APPROPRIATE NUMBER Under 18 .....1
18 - 24....2
25 -44...3
45 - 64 .....4

17 Please wiite down below the job litle of the main wage earner in your household?

Thank you very much for your cooperation. Please return your completed
questionnaire in the prepaid envelope.
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HOUSEHOLD QUESTIONNAIRE

INTERVIEWER NAME ... TR

LOCATION

DATE e :

INTRODUCTION

Good morning/afternoon/evening.

| am <GIVE NAME> of Public Attitude Survevs 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 about the .......... area NAME AREA?

Answering the questionnaire will take 20-30 minutes.




Firstly, | 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.

Column A Not at Not Moderately Very Extremely
all very worried worried worried
worried | worried
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 ] 2 3 4
e Local 0 1 2 3 4
environment
Rising 0 1 2 3 4
population
Rising prices 0 1 2 3 4
Housing 0. 1 2 3 4
Old age 0 1 2 3 4
pensions
Global 0 1 2 3 4
environment
Air pollution 0 1 2 3 4
from road
traffic




Next | would like to concentrate on some local environmental issues.

I'm going to read out a list of some possible environmental concems in
...................... NAME AREA.

Using this card, would you tell me how much these issues bother you when

you are out walking in ..o 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
|| Graffiti 0 1 2 3 4
" || Litter & rubbish 0o | 1 2 3 4
I Smoke, fumes 0 1 2 3 4
and odour .
Amount of o 1 2 3 4
road traffic
Dog mess 0 1 2 3 4
Ugly \disused 0 1 2 3 4
buildings
f Noise 0 1 2 3 4
Dust & dirt 0 1 2 3 4
Smog 0 1 2 3 4
Blackening of 0 1 2 3 4
building walls




3a Forthis 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 e, 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.

3a Column C Never Occasionally Frequently | All the time
o] 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 3a:

IN v, NAME AREA, what do you think s the main bouse of the ..........7
NAME EFFECT FROM COLUMN C.

RECORD ANSWERS IN TABLE BELOW.

3b Column C Cause
a Smoke, fumes
and odour

b Dust & dirt
Cc Noise
d Smog
e Blackening of

building walls




4a

4b

5a

Sb

| 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 5a.
ASK IF ANSWER TO QUESTION 4a 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 ......ccvviiin, NAME AREA?

RECORD RESPONSE BELOW:

| would like you to think now about dust and diri‘ 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 ......oovein. NAME AREA?

CIRCLE RESPONSE. 0... 1... 2 ... 3 e 4 ... 5 ... 6

IF ANSWER IS '0' GO TO QUESTION éa
ASK IF ANSWER TO QUESTION 5a 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 ..o, NAME AREA?

RECORD RESPONSE BELOW.




6a For this question, I'd like you to reply using one of the statements written on this
card.

SHOW STATEMENTS ON CARD 5

When you are out walking in ..o 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.

6a 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 o 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 éa:

IN i 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 ColumnD Cause
Q Sore or runny
eyes

b Sneezing

Dirt on your

clothes

d Dirt on your skin,

nails or hair
e Irritated throat




Please look at these cards. SHOW CARDS A-F.

Which of these things causes you personally most bother or dis‘rurbonce when

you are out walking in

nnnnnnnnnnnnnnnnnn

NAME AREA?

CIRCLE CODE IN APPROPRIATE COLUMN BELOW.

Which next? CONTINUE TO OBTAIN RANK ORDER FOR EACH ITEM.

Most Next Next Next Next Next
most most most most most
Noise from road ftraffic ] 2 3 4 5 6
Dust & dirt from road ] 2 3 4 5 6
traffic
Smoke, fumes & odour 1 2 3 4 5 6
from road traffic
Vibrations from road 1 2 3 4 5 6
fraffic ’
Danger from road 1 2 3 4 5 6
traffic
Splash & spray from ] 2 3 4 5 6
road traffic

Thinking now about when you are inside your home. For this question, I'd like

you to reply using one of the statements written on this card.

SHOW STATEMENTS ON CARD é.

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.

traffic

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 o 1 2 3
traffic
Dust & dirt from road 0 1 2 3




9a

| 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

9b

10a

10b

home?
CIRCLE RESPONSE. . 0... 1 ..... 2 ... 3 ... 4..... 5... 6

IF ANSWER IS '0' GO TO QUESTION 10a.

ASK IF ANSWER TO QUESTION 9a IS NOT ‘0.

What is it specifically about smoke, fumes and odour from road traffic that
bothers or disturbs you when you are inside your home?

RECORD RESPONSE BELOW.

| 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 fraffic when you are inside your home?
CIRCLE RESPONSE. 0... 1...2... 3. 4 ... 5. 6

IF ANSWER IS '0' GO TO QUESTION T11a.

‘ASK IF ANSWER TO 10a IS NOT Q..

What is It specifically dbou’r dust and dirt from road traffic that bothers or
disturbs you when you are inside your home?

RECORD RESPONSE BELOW.




11a 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.

11a 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

11b DO NOT ASK IF RESPONDENT ANSWERS 'NOT AT ALL BOTHERED' IN QUESTION
1lla:

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.

11b Column F Cause
a Sore or runny
eyes
b Sneezing
c Dirt on your
clothes

d Dirt on your skin,
I < nails or hair

e 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 your home?

CIRCLE CODE IN APPROPRIATE COLUMN BELOW.
Which next? CONTINUE TO OBTAIN RANK ORDER FOR EACH ITEM.

12 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. 0... 1. 2 ... 3. 4... 5... 6

14a Do you have a garden or yard? -
CIRCLE CODE. Yes ....]
IF RESPONDENT ANSWERS ‘NO', GOTO Ql5a. 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




14¢c

14d

15a

15b

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 15a.

IF ANSWER TO QUESTION 14c IS NOT ‘0'.

What is it specifically about qir poliution from road traffic that bothers or
disturbs you when you are in your garden or yard?

Thinking again about dust and dirt and smoke, fumes and odour from road
traffic,. Some people have told us that sometfimes air poliution from road
traffic affects the way they and their family live at home.

Do you find ’rhdt there any jobs that are done around your home which are
affected by air poliution from road fraffic?

IF ANSWER TO QUESTION 15a IS 'NO' GO .TO QUESTION 16.
IF ANSWER TO QUESTION 15a IS 'YES' GO TO QUESTION 15b.

What are the jobs that are affected by air po/luﬁoh from road ftraffic?

LIST THE JOBS MENTIONED IN COLUMN IN THE TABLE BELOW.

Job name




16 This list shows some different types of road vehicles SHOW CARD 10.

IN v, NAME AREA, which group of vehicles do you think contributes the
most air pollution to the overall air pollution?

CIRCLE CODE. Petrol cars ..... 1

Motorbikes\ mopeds .....6
Dustcarts .....7
17 Could | ask, how sensitive would you say you are to air pollution in general?

Using this scale, SHOW SCALE ON CARD 11, please use a number from O 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 fo Fridays?

Very heavy .....2
Fairly heavy .....3

Moderate ..... 4
Light .....5
Very little .....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,

19 Gender CIRCLE CODE: ' Male .....1




20 Using this card SHOW CARD 13, 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
21a Have you ever smoked a cigarette, cigar or a pipe?
CIRCLE CODE. Yes .....1
IF RESPONDENT SAYS 'NO', GOTO Q22. No .....2
21b Do you still smoke?
CIRCLE CODE. v Yes .....]
No ....2
22 What is the job of the main wage earner in your household? (PROBES?)
- WRITE IN
TELL RESPONDENT Thatis 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 J‘

Under 2 yard

Y2 10 under 12 yards

1V2 to under 3 yards

3 yards to under 6 yards

6 yards to under 12 yards

12 yards to under 24 yards

24 yards to under 48 yards

48 yards or over

XIN|[Oc O W NN~

} cerntify 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.......cciini, NO v DAt
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