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Uirban Air Chuality in the LIK

Figure 3.25 The Relationship Between Annual Mean NO; and NO, Concentrations at UK Maonitoring Sites (1976-1991)
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Figure 3.26 Predicted NO, Concentrations in Greater Londaon n the yerar 2000 (values in ug )
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Urban Alr Quality in the LK

Table 8.5 WSL Multi-element Survey Annual Average Concentrations™ (ng m?); Mean of Five Sites and Overall Percentage Reduction, April 1976 - March

1888

Element T&TT TITA
Arsere™ 6.5 T
Benyllium 0.30 0.25
Cadmium 71 4.9
Cobalt 1.8 1.8
Chromium 18 19
Copper 54 42
Iran 1670 1420
Manganese 64 58
Molybdenum®™ 4.6 3.4
Mickel 22 22
Lead B20 &10
Antimony™ 9.0 8.7
Titanium® T4 62
Vanadium® 50 33
Zing BG0 820
(@) Year ending March

(b} Concenirations at or below limits of WSL deteclion. Results to be treated with cautlion
e} Resulls from Central London sile only
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metals. As well as featuring in the long-term programmes
described in Section 8.3.2, a number of individual studies
of Pb have also been undertaken in the UK/ The
principal monitoring networks can be summarised as

follows,

[
2
ri]

Following decizions o reduce and eveniually
eliminate Ph in petrol DOE commissioned Warren
Spring Laboratery fo set up a series of monitoring

sites. These comprised seven initial locations (2 rural,
2 suburban, 3 kerbside) to which an eighth was added
as part of DOE s Blood Lead Programme,

A kerbside site af Cromwell Road has been operated
continuowsly (1988 excepred) by Warren Spring
Laboratory since 1979 as part of the DOE

Continuomes Monitoring Surnven

London Sciemtific Services (formerly the Scientific
Services Branch of the Greater London Council) has
operated a nunber of monitoring stations in London
to assess the effecrs of reductions of Ph in petrol, One
site ai County Hall hax operated since 1977,
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Pb has also been monitored in Warren Spring
Laboratory’s Multi-element Survey and AEA

Technology's surveys described earlier.

8.3.4 Ad Hoe Studies

Numerous ad ho¢ siudies of atmospheric trace metals
have been carried out in recent years, Typically, these
have focused on a specific industry or area to assess its
contribution 1o ambient concentrations of atmosphenc
rrace metals. Some of the more important ones are

summarised below,

+  \Warren Spring Laboratory were commissioned, by
the Industrial Air Pollurion Inspectorate of the Health
el Safery Executive (now Her Majesty’s Inspectorate
of Pollution), in the early to mid-1980s 1o carry our
migmitoring surveys in the vicinity of a series of fernous
ard non-ferrows metal works.

In recent years, prospective developers (eg of waste
incinerators) have commissioned environmental
baseline surveys of aimospheric trace metals at

Mcleros G (1991) Alrbcares Lasd Conoanustions b he Laed
Camoll J0 and Moknen G (15960 Multi-stermern and
Stererage, e
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As Be cd Co Cr Cu Mn
WSL Urban (1977-90)
Motherwell - . 2.9 . 16 M B0
London-B - - 2.2 - BS 22 16
London-VBR s 3 38 - i 26 21
Leads - . 2.4 - 12 28 43
Glasgow - - 5.8 - 98 45 20
Mean 7.7W 028 34 15" 11 30 34
AEA Technology Urban (1970-89)
Trafford-A 4.7 . 36 - ir2 .-
Trafford-F T - 4.8 - 6.0 -
Manchester-R 6.5 r 5.8 - 5.8 .
Manchastar-B T.6 . B.5 - 8.1 -
London-B 6.1 - B2 - 4.4 -
London-L T2 = 49 . 4.9 .
Waksall 838 - 28.3 - 24.9 -
Mean™ 6.5 - 58 - ¥ -
Irish Sea (1882)% - - 026 013 16 24 &5

AEA Technology Rural (1872-81)

Chittan 36 - =25 034 29 1B 15
Styrrup 15 <5 058 12 32 43
Trebanos 6.5 - 42 96 1 20 15
Wraymires 27 - &5 025 22 17 11
Mean 70 - <35 039 70 24 21

Mo N Pb Fe S T V 2Zn Sn
- 23 260 2100 - - 260 -
- 11 650 600 . . - 91 -
- 13 530 1000 - = 25 140 140
- 13 350 760 - - - 130 =
- 13 380 670 - = C TBO =
J.2® 45 440 1000 TS5W 4.8 2E= B8O
- 172 267 7ar - 154 113
9.8 427 737 - 208 15 -
- 132 341 667 - 322 134 -
- 132 380 1013 - 26,7 338 =
- 1.9 E&70 938 . 265 126 -
145 529 1031 - 313 177 -
3.2 1316 1687 - - 21.2 2834
i3 440 850 = - 26 170 -
Q.18 24 30 226 25 5E 15
=08 65 120 280 22 22 1 28 &
<12 93 240 670 51 40 15 230 -
<1.0 91 140 370 27 28 12 130 =
<06 45 67 240 17 20 V&6 5O -
<09 68 140 390 29 28 11 130 -

(a) Data for 18976/77, T7/78, 7879, 81/82 and B2/83 only. Concentrations at or below dataction limits, to be treated with caution

(Mcinnes, 1980)
(k) Measuremants a1 London, Vauxhall Bridge Road only
{c) Walsall not included in mean

{d) Data from Murphy (1885) summarising samples collected over two waeks in 1982,

(e} Trebanos not included in mean

specific locations as part of the Environmental
Assessmemt and Integrated Pollution Control
procedures,

A number of University resecarch establishments have
also studied various aspects of atmospheric trace metal
behaviour over the years''2,

835 Measurement Methods

In contrast with the monitoring of many other
atmospheric pollutants (eg CO, 50:) metals
measurement is a two stage process whereby samples
are collected and then at a later date analysed in the
laboratory.

A variety of sampling and analytical techniques have
been used 1o measure trace metal concentrations in air. It
is worth noting that for the major long- term programmes

ol P} Thesis, Lir

(eg the Warren Spring Laboratory Multi-element Survey)
detailed intercomparison studies have been undertaken
where technigues difter.

Two important features generally commoen to
measurement methods in the UK over the last 15 to 20
years are as follows:

*  tedal atmospheric particulate samples are collected
and analvsed with no distinction between pariicle

sizes:

» mpically one sample might span a week, thus
temporal resolution tends to be less than for many
other pollutant measurements and ‘peak’ short-term
incidents pass unrecorded,

by of Livisrpool, LB

(1} Lin £ (1868 The Sclid State Specistion and Sciutsty of Exements in Maring A

2 mmummmmwdhmmnﬂmmumm
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Table 9.1 Best Emission Estimates for NMYOCs!™ trom

" emissionkTyr' Percentage of

overall total
iy Stationary sources
Solven! use TBT 242
Oil Industry 451 13.0
Chemical Industry 445 13.7
Stationary Combustion 51 1.6
Food Industry 373 11.5
Iron and Steel 12 0.4
Waste Disposal 56 1.7
Agricultures 88 3.0
Miscellaneous 5 0.2
Sulx Total 2275 70.2
{ii} Mobile sources
Petrol exhaust 652 20.0
Diesel exhaus! 175 54
Petrol evaporation 143 4.4
Sub Total 870 29.8
Overall Total 3245 1000

Emissions inventories are valuable in the development
of abalement strategies. The UN ECE Convention on
Transboundary Air Pollution requires a 30% reduction
from 1988 levels in total VOC emissions, with sector-
dependent compliance dates in the late 1990°s. Some
sectors, eg parts of the painting and printing industries,
are controlled under the 1990 Environmental Protection
Act. Road transport emissions are not controlled under
the Act. but EEC directives 91/441/EEC (cars) and
Q1/S4XVEEC (heavy duty vehicles) have been issued
which will regulate emissions. A variety of abatement
strategies are being developed. For the paint sector, for
example, these include product reformulation, improved
application techmigues and the use of carbon adsorption,
bioscrubbers and hiofilters. Petrol exhaust emissions
will be reduced by equipping cars with three way
catalysts. Significant emissions from petrol evaporation
will be controlled by improvements in fuel supply
systems and by reducing petrol volaulity. Reduction
levels of 41- 45% in petrol exhanst and evaporative
emissions are envisaged by 1999, the warget figure
depending on the growth of road transpor.

(1) Speciated NMVOC Emission.

The environmental impact of NMVOCs varies
considerably from compound to compound. Some are
carcinogens (eg benzene and 1,3-butadiene). All VOCs
are precursors of ozone through photochemical
oxwdation, but their photochemical ozone /Creation

Urban Alr Quality in the UK

Tabile 9.2 Breakdown of Solvent NMVOCs Emission

Sources A
Emission/kT yr'
FPainting indusiry 278.0
Printing industry 41.4
Matal cleaning 46.4
Dry cleaning 13:0
Aghesives 58.0
Ol extraction 10.0
Leather indusiry 3.0
Pharmaceuticals 40.0
Consumer products 180.0
Agrochemicals ar4
Othar T0.0
Total 3 787.2

potentials (POCP) vary widely (see Section 9.2.2).
Current legislation is aimed at limiting total NMVOC
emissions but there is a powerful case for the formulation
of future legislation in species specific terms. Indeed in
formulating strategies for reducing NMVOCs, the
Department of the Environment is already incorporating
POCP assessments. Table 9.3 provides the most recent
emissions inventory update of speciated NMVOCs. The
most prevalent compounds for the sectors included in
Table 9.3 are the butanes, which are emitted principally
from petrol, solvents and petrol refining and distribution,
and toluene which i1s mainly produced from petrol
exhausts and from solvents. The higher volatility of the
butanes accounts for the substantial evaporative, refining
and distribution losses. POCP values for these
compounds are n-butane 41.4, i-butane 31.5, and toluene
56.3 (see Section 9.2.2), and they represent significant
sources of ozone,

A comparison of Tables 9.1 and 9.3 shows significant
differences in overall emission estimates and in estimates
for certain sectors. These discrepancies reflect
developments in our understanding of sources of YOCs.
Table 9.3 gives the speciated breakdown which
corresponds o the overall sector-specific emission
figures published in the 1991 Digest of Environmental
Protection and Water Statistics (Mo, 14), while Table 9.1
refers o Warren Spring Laboratory’s latest best
estimates, which have incorporated significant revisions
in certain sectors. Speciated emissions have not yet been
caleulated for these latest estimates. Theze same
considerations account for the difference between Table
9.1 and Tables 2.1 and 2.2.

{1} Moo IT {1592} eferim Propor — Emmissions of Yokadie O
LR, Wiarmn Sprrng Laborsony, Sieverage, LI
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fiie) Methane

Sources and best emission estimates for methane are
listed in Table 9.4. Once again, these values are national
totals and are not readily disaggregated into urban and
rural sources. Mot all potential sources ane incorporated
in the current inventory: for example there is no estimate
for animal waste. Methane is non-toxic and has a very
low POCP value. Iis major significance is as a
greenhouse gas although in the background troposphere
it is the primary determinant of hydroxyl radical and
OZONE CONCENIrations.

{iv) Nereral NMVOCs

A wide variety of NMVOCs are produced by plants. The
most important compounds are isoprene, which is
primarily emitted by deciduous trees, and monoterpenes
which are primarily emitted by conifers. Other sources,
eg bracken and gorse, also contribute although our
understanding of biogenic NMVOC emission sources is
far from complete. The National Atmospheric Emissions
Inventory estimate of biogenic NMYOC emissions is 80
KT yr': despite the difficulties of making this estimate, it
has been suggested that the figure is unlikely to lie
outside the 50 - 100 kT yr' range. These natural sources

Table 9.4 Best Emission Estimates for Methane'™

Methane %% of total
emission/kT yr'

Qil industry 20.0 4.5
(offshare flaring and veniing)
Chemical industry 4.4 0.1
Stationary combustion:
domaestic 52.7 1.4
industrial, power
generation 8.8 o2
Irgn and steal industry 0.5 0.1
Wasle disposal;
landfill 1980.0 406
other 61.8 1.2
Agricutture
{animal respiration) 1204 .4 24.7
Gas lnakage 350.0 T2
Coal Mings 990 20.3
Total B 48726 /100.0

Urban Air Cluality in the LK

provide only a minor contribution to total VOCS and are
of litle significance in urban areas. This situation
conirasts markedly with that in the USA, where tree
cover is much higher and natural VOC emissions are
substantial, even in urban areas.

9.2.2 Effects on Health and Oxidant Formation

i) Non-carcinogeinic Effects

Exposure to organic chemicals at concentrations higher
than usually encountered in urban areas may be
associated with a wide range of effects. Guideline values
for health effects, other than cancer, are based upon
expert evaluation of the toxicological information
available on compounds, usually in isolation, Possible
additive or synergistic effects are difficult to take into
account and are uvsually ignored. An attempt to
accommodate likely wvariations in individual
susceptibility is made by the use of “uncertainty” factors
{also known as safety or protection factors) in moving
from the Mo Observed Adverse Effect Level (NOAEL)
or the Lowest Observed Effect Level (LOEL) to the
recommended guideline. Uncertainty factors are also
applied when extrapolation from animal data is
unavoidable. For example, in the WHO Air Quality
Guidelines for Europe 100 ppm of toluene was identified
as the Lowest Observed Adverse Effect Level in man. A
factor of 50 (24-hour averaging time) was then applied
and a guideline of 2 ppm recommended. The use of a
factor of 50 was justified on the grounds of: “the data on
negative effects in humans, the lack of evidence of a
chronic effect and the minimally adverse nature of the
observed effects at the Lowest Observed Effect Level™.
2 ppm is well in excess of typical urban concentrations.

Malodorous compounds affect the quality of life and
guideline values have been developed for a range of
compounds, based on detection and nuisance thresholds.
For many compounds, these values lie below the toxic
guideline values. For toluene, for example, the guideline
value is 270 ppb, hased on the detection threshold.

{it) Carcinagenic Effects
Carcinogens may be divided into those thought to act via

a direct effect upon the genetic material of the cell
{genotoxic carcinogens) and those thought to act by

(1) st 1 19521 et Report — EmbsaioneofVolatis Organkc Compounds in e United Kingom: A Review o Erission Factors by Specks and Prosees WSL. eper

W), Wéarmon Speng Lisbasstory. Shevenage, LI
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Chapter 9 Organic Compounds

other means (non-genoloxic carcinogens ). For the former
it is generally accepted that no threshold can be defined
and thus there can be no definition of an absolutely safe
level of exposure. For non-genotoxic carcinogens, where
the mechanism of action is well understood. it may be
possible 1o define a level of exposure below which no
effects would be expecied. If, however, the mechanism
of effect is not well understood then the defaull option of
assuming “no safe level” is generally adopted.

Compounds such as benzence and benzofa)pyrene are
genotoxic carcinogens. Chlorinated hydrocarbons as a
group include both genotoxic and non-genotoxic
carcinogens. Certain hormones and compounds capable
of inducing enzymes, eg phenobarbitone, are among the
large and diverse group of non-genotoxic carcinogens.

The perceived impossibility of defining a safe level of
exposure for genotoxic carcinogens has led some
workers 1o adopt a risk estimation approach, Working
from such human data and animal-based data as are
available, attempts have been made to calculate the risks
associated with exposure to a given level of the
carcinogen in question. This approach was adopted by
WHO in the preparation of the WHO Air Quality
Guidelines for Europe in 1987. Alternatively the
approach may be used to calculate a level of exposure
thought to be likely 1o be associated with a given excess
risk of developing some defined disease. Such
approaches are sometimes referred 10 as examples of
(Quantitative Risk Assessment (QRA))

The approach suffers from a number of defects or
difficulties of methodology. Inevitably one assumption
has 1o be made: that one can extrapolate satisfactorily
from data related to high level exposures and predict
effiects at low levels of exposure. The outcome of such
extrapolation depends upon the shape of the dose
response curve. This is far from clearly understood and
may or may not conform to a straight line. A second
assumption, dften inevitable, is that one may extrapolate
satisfactorily from animal studies to man. This is also
much less firmly based than would be desirable.

In addition to these difficulties is the danger that the
results of a quantitative risk assessment may be adopted
uneritically and interpreted as an accurate and precise
estimate of risk.

Quality of Urban Alr Review Group

In the UK the Deparmment of Health Committee on
Carcinogenicity has adopted a cautious approach to QRA
holding that if Quantitative Risk Assessments ane well
founded they should be 1aken inlo account in assessing
the likely nsk attendant upon a given exposure to i
carcinogen. QRA is seen then as a pant of a risk
ASSCRSMENL.

The Expent Panel on Air Quality Standards has accepied
the advice of the Committee on Carcinogenicity and has
decided not w adopt Guantitative Risk Assessment as a
standard means of setting air quality standards for the
UK. Quantitative Risk Assessment exercises will of
course be taken into account in the seiting of standards
for carcinogens.

{1ii) Secondary Effects
The principal environmental impact of most NMVOCs
is the generation of photochemical smog. Orone is an
important constituent of such smogs and its health effects
are discussed in Chapter 7. The sequence of reactions
which leads 1o orone generation is initiated by the
photolysis of ozone itself to generate electronically
excited oxygen atoms, 0*:

Oy +hv— OF + 0,
Most OF are collisionally deactivated 1o form ground
state oxygen atoms; a small fraction reacts with water
vapour 1o form hydroxyl radicals:

0* + H.0 = 20H

The principal reactive sink for a hydrocarbon, RH. is
reaction with OH 1o form a radical B which initiates the
sequence of oxidation reactions:
RH + OH =R + H,0
R + 0y = RO,y

RO; + MO — RO + NO,

The N0, is photolysed to regenerate MO and to produce
ground state oxygen atoms which in tum form ozone:-

NOs + hv=NO + 0

O+0; =0,

14



Table 9.5 POCP Values and Rate Constants for Reaction with OH for Representative VOCs

VOCs POCP™ ki
{em® molecule” 57)

methanes 0.7 5.5 x 107
athana 4.0 28x 10
athylene 100.0 2.6 x 10"
n-butaneg 41.4 2.1 x 10
benzana 1889 1.3x 10"
toluane 56.3 6.4 x 107

{a) Data from; Kinetics Data Centre, University of Leeds
b} 1/e letime with [OH] = 8 x 10* maleculas em

() Distances travelled with wind speed of 5 m 5 in 1/e litelima

Thus, even for this simple reaction scheme, each ozong
molecule consumed by photolysis generates two ozone
molecules via the oxidation of two RH molecules. The
chain is, however, continued by the further oxidation
reaction of the alkoxy radical, This series of reactions
can generate more ozone, the yield depending on the
nature of the alkoxy radical, RO. The potential of a VOC
to generate ozone is quantified via its photochemical
ozone creation potential (POCP) determined using
atmospheric trajectory calculations which incorporate
detailed chemistry. Representative POCP values, based
on a value of 100 for ethylene, are given in Table 9.5.
The values correlate approximately with the rate
constant, k. for initial OH attack on the VOCs, which
determines the timescale of the transformation, and the
molecular weight of the VOCs, which is a crude indicator
of the ozone yield per YOCs molecule reacied.
Unsaturated compounds, eg alkenes and aromatics, have
high POCP values.

The table also shows the atmospheric lifetime of each
VOCs for a typical OH concentration, assuming that no
other removal mechanism applies and the distances
travelled in this time. The photochemical oxidation
sequence has addinonal consequences, such as the
generation of lachrymators (eg peroxyacetyl nitrate
{(PAN) and aerosol.

The classic example of photochemical smog formation
is Los Angeles where high vehicle emissions are coupled
with a local meteorology which confines the air within
the Los Angeles basin so that the smog is generated in
the large urban region responsible for the primary VOC
emissions. In the UK, the polluted air mass can be
transported over large distances (> 100 km) during the

i
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Litetime™ Distance scale™

(hours) (km)
59400 1.07 x 10°

1240 22300

134 2410

165 2970

267 4810

54 L ar2

timescale of photochemical reactions. Thus
photochemically generated ozone levels are generally
higher in rural than in urban regions although transport
from other cities can lead to significant ozone levels ina
given urban area (see Chapter 7).

®23  Analytical Technigues

(i) Gas Chromatography

Gas chromatography is the most flexible and
unambiguous technique for analysing volatile organic
compounds. An air sample is drawn through an
adsorption tbe at a fixed flowrate and for a pre-set time.
The tube is then heated and the organic compounds
adsorbed on the wbe packing are driven onto a cooled
concentrator. Once the transfer is complete, the
concentrator is heated and the compounds are carmied on
to a capillary column in a flow of helivm gas. Analysis is
generally by flame ionisation or electron capture. The
technique is sensitive, precise and species specific.
Monitoring can either be in batch mode, with remote air
sampling, or quasi-continuously, with a sampling period
of typically 30 minutes in every hour,

In June 1992 the Air Quality Division of the Department
of Environment appointed AEA Technology, Harwell as
the Central Management and Co-ordination Unit for the
UK Hydrocarbon Monitoring Network. This network
will utilise automatic gas chromatographic equipment 1o
collect and measure 26 hydrocarbon species. Data will
be collected for each hour of the day continuously. The
network will consist of 12 sites located in major cities,
AEA Technology, Harwell are currently establishing
sites in London, Birmingham, Belfast, Edinburgh and
Cardiff which are due o come into operation during

et o e e e o
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CompoundSite Harwedl Middiesbrough
Time period 8690 892
Mo of samples 486 534
1 Ethane 3.948 8.304
2 Ehylene 2.232 5.048
3 Propang 1.763 6.8913
4  Propena 0.429 5913
5 i-Butane 2.041 5.705
& n-Butane asn 6.826
7 Acatyleng 2.433 5.513
8 i-Pentane 1.726 4.073
9 n-Pentane 0.739 2.025
10 2-Methyl Pentane 0.610 0.695
11 3-Methyl Pentang 0.493 0.771
12 n-Hexane 0817 0,793
13 Benzena 0.814 1.914
14 Toluene 1.495 2.584
15 Elhyl Benzene 0.366 0.533
16 (m+p)-Xylene 0.773 2123
17 n-x!innﬂ 0.377 0.878

Great Dun Fell West Beckham Teddington
Ba8-81 88-91 88-9
166 186 18
2.097 2.804 2547
0.986 1.548 1.883
0.857 1.313 5.607
0.162 0.270 2422
0.335 o2z 2128
0.708 1.637 3.281
0.778 1.386 2175
0.315 0.855 1.652
0192 0.443 0.883
= = 0.588

- - 0.B870
0.0548 0,144 5.780
0.343 0725 1.982
0.5 0.9939 1.43
0128 0.244 1.544
0.277 0.537 5.983
0.115 0.242 1.348

Motes: Hanwell operated by AEA Technology (Apnl 1986—August 1990). Middlesbrough operated by AEA Technology (January
June 1992). Great Dun Fell operated by University of East Anglia. West Beckham Operated by University of East Anglia,

Tecdington cperated by National Physical Laboralory.

January 1993, Two sites will be established within
Lendon at Bloomsbury and Greenwich. Instrumentation
of the type to be utilised for the network has been
operated already for some time by Imperial College
{Exhibition Road, London) and AEA Technology,
Harwell (Middlesbrough).

fii) Optical Technigues

The long path absorption technique (DOAS —
Differential Optical Absorption Spectroscopy), described
in Chapter 2, can also be used to monitor some
hydrocarbons. Aromatic compounds, in particular
benzene and toluene, have been analysed in this way
using OPSIS instruments: both compounds are prevalent
in urban areas and they have absorption bands in the
250-3000 nm region, where the xenon lamp has a
reasonable output and atmospheric altlenuation is not oo
severe. Great care needs o be taken in interpreting
DOAS spectra to check light levels and attenuations.
The major problem is the difficulty of making proper
allowance for overlapping absorptions ¢g from ozone
and S80,, The procedure is more reliable for benzene,
which has a characteristic structured absorption. The
toluene spectrum is largely unstructured and greater care
has to be exercised in spectrum deconvolution. The
technique provides average concentrations over several
hundred metres with shont reporting periods (eg 1-hour
or less) and is finding increasing use by local authorities.,

Quality of Urban Air Review Group

The major difficulty is that of spectrum deconvolution;
the technique needs more detailed testing and the
development of reliable protocols.

924 Urban Concentrations

(i} Chromatography

The majority of systematic UK measurements of volatile
organic compounds refer to rural locations (AEA
Technology, Harwell) and Great Dun Fell and West
Beckham (University of East Anglia)). The longest
systematic data set for urban air is the National Physical
Laboratory’s compilation for Teddington which runs
from October 1987, Yearly averages for 17 hydrocarbons
(C; - Cg) are given in Table 9.7. Table 9.6 compares the
overall average values for Teddington with those for the
rural sites and with recent measurements for the
Middlesbrough site. Table 9.8 lists yearly averages for
Harwell over the period 1986-1990 and provides an
interesting comparison with Table 9.6, The species
concentrations measured at the Middlesbrough site,
averaged over the period January to June 1992, are
shown in Figure. 9.1,

All of the sites show high ethane levels, which can be al
least partly ascribed to the high troposphenc background
concentration for this compound of 2ppb. For the other
compounds a comparison with UK emissions shows a
reasonably satisfactory commelation except for ethyvlene,
acetylene and propane. A preliminary source
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Table 9.7 Hydrocarbon Measurements at The National Physical Laboratory, Teddington Annual Mean Concentrations (ppb)

Compound 1588 1989
Mo of samples 4 6
1 Ethane 1.733 2, 7B8
2 Ethylena 0.923 2,228
3 Propane 1.537 3.602
4 Propene 3.927 2602
5 i-Butane 0.673 2,208
6 n-Butang 1.327 3.123
7 Acetylens 0.890 212
g |-Pentane 0.553 1.510
9 n-Pentans 0.573 0.800
10 2-Methyl Pantaneg - 0,300
11 3-Methyl Pentane .
12 n-Hexane . - 0,340
13 Benzene 0.435 0.947
14 Toluang 0,340 1.512
15 Ethyl Benzena 0.603 3.053
16 (m+p)-Xylene 2.030 10.000
17 o-Xylena 0.720 1.497

Table 6.8 Hydrocartion Messurements Meds ot Harwell 1906-1990 (ppb)

Time period 1986 1987
Mo of samples 102 130
1 Ethane A.227 5534
2 Ethylene 1.318 3.256
3 Propane 1.314 2.283
4 Propena 0.084 0.480
5 Acetylene 1,663 3.620
B i-Butane 1.288 2478
7 n-Bulane 2.124 3867
g8 2-Mathyl-Buane 0.998 1.999
9 n-Pentane 0.501 0.843
10 2-Methyl Pentane  0.346 0.735
11 3-Mathyl Pantana 0.304 0.528
12 n-Hexane 0382 0.991
13 Benzens 0.625 1.138
14 Toluena 1171 2206
15 Ethwl Benzene 0,334 0.507
16 (mp)-Xylena 0.550 1.100
17 o-Xylens 0.372 0.564

1988
a0

3,900
1.753
1.591
0.410
2.089
1.300
2328
1.215
0519
0.658
0.539
1.525
0,652
1.107
0.380
0.750
0.306

1990 1881 Owerall
[ 3 19
1.943 4.087 2.547
1.148 4.283 1.983
9,465 5.970 5.607
1.423 2.557 2422
1.833 4.010 2128
2.530 T.053 3.281
1.230 5477 2175
1.245 3.850 1.652
0.582 17.63 0.883
0300 0.780 0.588
. 0.870 0.870

- 0.857 0.578
0.902 7.247 1.982
0.865 4.210 1.431
0622 1.310 1.544
2.850 5513 5.983

o470 3.443 1.349 =

1980 1900 Overall
106 59 486
3.465 3.092 3848
2476 1.420 2.232
1.725 1.851 1.763
0.594 0.392 0.429
2.7 3447 2433
2,017 0.889 2,041
3.807 1.605 3.5M
1.952 0.691 1.726
0.883 0.7 0.739
0.755 0.180 0.610
0.482 - 0.493
1.263 0.169 0.7
0.732 0.773 0.814
1.432 0.965 1.485
0.269 0.243 0.366
0.682 0.440 0.773
0.2a7 0.173 0.377

{a) Data for the April to December perod only (January 1o March is usually whan concentrations are highest)

() Data ends Augus! 1980

reconciliation,!’ carried out on the basis of the rural
measurements (Table 9.9), demonstrates the high
contribution from transport sources, even in rural areas.
The zero solvent figure is an anifact of the range of
analysed species which does not inclede solvent VOCs,

Figure 9.2 shows the average dinmal variations for 18
hydrocarbons at the Exhibition Road Site (Imperial
College). Most of the hydrocarbons included in Figure
9.2 shows similar diumal patterns which comrelate well
with the patterns of the vehicle derived pollutants CO
and NO,. As would be expected, vehicle emissions
dominate the hydrocarbon spectrum for this poadside

1) Unfoet Kingedom Phiotochesmecal Oxictarts eview (Groug {1963) The Third Report (- pross).
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Central London site. Ethane and propane show different
patterns. Ethane contains a contribution from the
tropospheric background (2 pph). The additional source
is probably nawral gas leakage, with the temporal
variation in the measured values being explained by
greater daytime dispersion. Data for ethane and benzene
have also been recorded at Middlesbrough (Figure 9.3).
The ethane levels are higher at Middlesbrough, but show
a similar daytime reduction. The benzene datasets are
very similar; both show double daytime peaks which
appear to be related 1o rush hour traffic.
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ﬁim_-g.i_momm in Middlesbrough (Jan-Juna 1992) (DOE Hydrocarbon Network Site)

& th & = m o

a1

Concantration (ppd)

3 mathyipantans

Table 9.9 Preliminary Source Reconciliation for Rural Hydrocarbon Sites
% Contribution to Average Concentrations

Petrol
Vehicle Evap/
Site Exhaust Distrib.
Harwell (86-87) 255 422
Great Dun Fell 397 6.7
VWest Beckham 38.9 18.0

The Imperial College group obtained an inleresting set
of Chrompack data during the December 1991 pollution
episode." Table 9.10 compares concentrations before
and during the episode for a representative set of
hydrocarbons and demonstrates clearly the substantial
episodic increase.

{ii ) CAPSIS Measuremenis

There are increasing numbers of datasets for benzene
and for toluene obtained by local authorities using the
long path absorption (OPSIS) technique. Figure 9.4
shows the daily averages for August 1992 for
Westminster as an example. The averages were obtained
from hourly measurements made by the City of
Westminsier’s Environmental Services Department.
Together, the OPSIS measurements provide a potentially
very powerful resource. The Westminster toluene data
show a marked diumal patiern, similar to that found at
Exhibition Road, with the highest concentrations
occurring at times of peak traffic flow. Benzene spikes
were attributed to petrol deliveries because they
correlated with delivery times and wind directions. High

Solvents Gas Stationary
Leakage Combustion

i 165 158

0 32.6 211

0 24.6 176

levels of both benzene and toluene were recorded during
a period of roadworks with a consequential change in
engine activity and performance.

Similarly interesting results have been recorded in
Widnes — Runcorn made by the Environmental Health
Department of Halton Borough Council. The average
figures for benzene for Runcorn for 1991 show no
dependence on wind direction, with an average value of
~ 2 ppb. In Widnes, by contrasi, the benzene
congentration increased to ~ 5 ppb, from a value slightly
below 2ppb, for winds in the 5-5W direction. The data
suggest a specific benzene source for Runcom. These
examples illustrate the potential value of the OPSIS
measurementis and emphasise the wrgency of the
validation of this technique and the development of
protocols.

9.2.5 Policy Implications

The monitoring of urban hydrocarbons in the UK is inils
infancy and long runs of reliable data, covering a wide
range of ¥OUs, are not yet available, The cormelation
between measured hyvdrocarbon concentrations and the
concentrations of CO and NO, clearly demonstrate the

1) Frakd A, P L. Goicstonsa ME, Lisstor J s Parry [ 352] Incloon@OulidoorInteraeions During an Al Pollution Eventin Central Lendon Ernecrmontal Tochnoiogy 13, 31 408
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Figure 9.2 Diumnal Variation of Hourly Mean Hydrocarbon Concentrations in Exhibition Read, London (DOE Hydrocarbon
Metwaork Site)
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Tabie 9.11 PAH (Bomeff) Emissions to Air from Diffuse
Sources in European Countries 1985 (Tyr")

Sweden UK
Anhracie " 29.4
Bituminous Coal 5.8 1.0
Wood 325.0 2.5
Gasoling 32 17.1
Motor Diasel Oil 1.6 7.5
Coke production 36 27.8
Total 339.0 176.0

(a) Bomefi PAHS: fluoranthene, benzo (bakjlluoranthens,
benzo{a)pyrene, banzofg.h.iperylane,
indeno(1,2,3-c djpyrena

low pirffuel ratios (AFR). A contribution from the
lubricating oil was ascribed to the accumulation of
unburned fuel PAC in the oil. AFR was also established
as a significant determinant of PAH emissions from
spark-ignition vehicles, and cold-starts were found o
increase emissions substantially.

(i) Health

Some PACs are polent carcinogens andfor mutagens.
Imitial interest centred on PAH but it has been
demonstrated that such compounds account for only a
part of the mutagenic activity of the ambient mixture and
nitro-compounds are particularly biologically active. In
addition to their production in diesel. nitro-PAC can also
be formed by reaction in the atmosphere, either in the
gas phase or in particulates. For example,
2-pitrofluoranthene and 2-nitropyrene have been
detected in ambient air, but not in direct emission studies.
PAH have been found on crops in significant
concenirations 50, i addition o inhalation , ingestion
provides a route for PACs to enter the body. DNA
adducts. formed following enzymatic oxidation of PAC,
are thought to be the initiptors of cell mutation. Such
adducts have been detected in cultured human cells
derived from the bronchus, colon, oesophagus,
pancreatic doct and bladder,

{(iv) Urbearn Concentrations

PAC are present as both gaseous compounds and in
association with particulate matter, and techniques are
required to monitor both phases. Particulates are sampled
by filtration using low or high volume technigues, while
the vapour phase is sampled by adsorption using filtered
air, eg on Tenax. Soxhlet extraction is then generally

/!

{1} Clyton P, Dot B, Jorviss B s Jones {106 Teads
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icropaliutsrts in Lirben, A WEL Foport LREGDHPA),
2 Basd 50, Godsiona ME, Kk W Lestor [P and Pesry B 1931) Phase Distribution snd Particle
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performed with analysis by high performance liguid
chromatography (HPLC), gas chromatography (GC) or
liguid chromatography/gas chromatography (LC/GC).
Long sampling periods are usually required (1-7 days)
and the extraction and analysis procedures are lengthy,
soy that reporting is less frequent than is the case for
VOCs. In addition, chemical transformation of PAH on
filters, eg by oronolysis, is possible and must be properdy
recognised if accurate PAH loadings are o be
determined. The analysis of PAH is included in the
TOMPS (Toxic Organic Micropoellutants) programme
recently established by the Warren Spring Laboratory
for the Department of the Environment. Sites have been
established in Westminster, Manchester, Cardiff and
Stevenage to monitor PAH, polychlorinated biphenyls
(PCBs) and dioxins'!,

The most complete sel of PAH measurements has been
made in South Kensington.” Annual averages for
1985/6 and 1987 for 18 PAH are given in Table 9.12 and
compared with more limited measurements in
Folkestone and Ashford, a mural location. Similar
particulate concentrations were detected at a City Centre
site in Birmingham over the perod 1976/8. Table 9.12
also shows resulis for 17 PAH obtamed at a height of
15m at Birmingham University at a distance of ~ 300m
from a major road and preliminary results from the
Manchester TOMPS site which is a roofiop site located
inthe city centre.

The results are broadly similar although quantitative
comparisons are nol very good. There is considerable
variability in the results from week to week and from site
to site which is illustrated in Figure 9.6 for the total PAH
concentrations. The South Kensington results showed
large variations in the yearly averaged species
concentrations. Further quality assessment and intersite
comparisons are needed before it can be established
whether or not these variations are real.

The South Kensington data have been analysed on a
seasonal basis although such an analysis is questionable
given the results reponted above. The overall emissions
showed an increase in wintertime, with the summer/
winter species ratios varying from 0.3 to 0.9. As

Wieren Spring Latoraiony, Sovenage, UK.
Size Dependency of PAH in the Urban Atmosphane (heroepiom, 32 500
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T_ﬂ:llﬁ.ﬁwFAH Gunmmﬁmu_@ mmmmq&wm@mam mmmumd

PAH South Kensington'™

Particulate Vapour

Maphthalena . -

Acenapthylane 2 =

Fluorana . #

Acenaphthene & -

Phenanthreng a1 50
Anthraceng 0.18 2.66
Fluoramhensg D81 2,65
Pyrene 0.79 3.00
Benzo[clphenanthrensg 0.85 1.98
Cycla{c dipyrens 2561 1.47
Benzo[alanthracene 0.78 .62
Chryseng 122 040
Benzofb|iluoranthensa 0.98 0.24
Benzo{e|pyrene 2.00 0.31
Benzo{bjiluoranthena 1.61 17
Benzofk]flucranthens 0.68 0.o7
Benzofajpyrene 1.44 0.19
Dibenzala, hlanthracensa 012 MND
Benzolg h,ijperylens 3.30 0.01
Indenal1.2,3 c.d]pyrene 1.57 WD
Anthanthrene 0.63 MND
Coronana 1.67 M

(@) annual average;
{b) average of 27 daily samples, February 1952,
(c) results for weak 7, Manchester TOMPS site.

expected, the vapour/particulate partition ratio increased
in the summer because of the dependence on

temperature.

The Imperial College group investigated the particle size
dependence of the particulate PAH using a cascade
impactor.'"! Such an analysis is of significance given the
particle size dependence of respirable material
{Chapter 6): particles of less than 2.5 pm aerodynamic
diameter are able to access the alveolar region of the
lung. The ambient aerosol showed a bimodal distribution
but the PAH, by contrast, exhibited unimodal mass
distributions with peaks located in the 0.4 - L1 pum
range. Thus the bulk of the PAH appears to be carried on
respirable particles.

While the systematic study of atmospheric PAH is in its
infancy. studies of archived herbage samples have been
shown 1o provide a reliable monitor of historic vapour
phase concentrations of both PAH and PCBs. Jones et
al® analysed archived soil and plant samples from the
Rothamsted Experimental Station using Soxhlet
extraction and gas chromatography. PAH are not taken

Folkestone

Birmingham™ Manchester and Ashford

Partculate Vapour Particulate Vapour Pariculate

0.21 13.0 - -
0.61 14.8 . -
1.1 126 0.5 26.0
1.6 11.9 MD 1.2 -
11 23.0 0.4 56.7 0.02
0.4 4.1 0.05 4.7 0.03
1.2 1.2 0.63 16.2 0.21
2.4 35.6 0.8 10.7 0.21
z i a . 0.18
= . = . 028
1.5 41 1.0 0.5 0.28
22 4.3 1.8 1.6 0.16
= - - - D32
: : : : 0.55
2.0 018 2.4 MD 0.52
14 0.08 2.4 0.03 0.21
0.73 0.08 1.6 ND 0.43
0.7 0.04 - - 0.05
19 0.06 3.1 0.02 1.16
20 HD - - 0.54
: : - : 0.02
1.0 ND 1.4 ND 0.21

up by plant rools and the plant uptake can be interpreted,
at least gualitatively, as a measure of the aimospheric
concentration. Over the period 1965-1989, the tolal PAH
concentrations in the plant samples declined by 609%: the
decline was most marked for the lighter species, such as
phenanthrene, which exist mainly in the vapour phase.
The soil samples, by contrast, showed an increase in
PAH concentrations indicating that loss rates from the
s0il are lower than input rates. The decrease in vapour
phase concentration can, presumably, be ascribed 1o
changes in stationary combustion practice.

{v) Transpors

Analyses of soil and sediments show that PAH is widely
distributed throughout the world, with higher
concentrations close 1o urban areas, but a remarkably
Constant species spectrum.

These observations provide strong evidence for long-
range transport of PAH. Ium particles, which are the
main carriers of the heavier PAH, can have a range of
well over 100K km. This transport distance and that for

1) Blank S0, Giokdstors ME, Hirk PYWVY, Lister Jh and Pery 1 { 1952) Concontrasions of Particulibe and Gaseous PAH in Landon Following a Reduction in the Lead Content of Petrol

i i LI Sconca of B Tl Ervdronmant 111, 158-158

@& Jonos KG, Sarckers G, Wid 5B Bumet! ¥ and Jobreton AE [153F) Evidencs for a Decling of PCEs and Pilbs in Rursd Yegetation and Alr in The UK. Naturo 1992 354107
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Figure 8.7 Average PCB Distribution in Air in London (1981} Figure 9.8 Average PCB Distribution of Deposited
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Figure 9.12 Air Concentrations (pg m?) of Dioxins and PCDFs in London (1991-1992)
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8.4 SUMMARY AND KEY ISSUES

Vilatile Ovganic Compounds (VOCs)

= Vehicle emissions are a privary urian source of non-
methane VOCs, although significant emissions derive
Jrom other seurces, especially solvents.

»  Direct effects of VOCs include both carcinogenie and
non-carcinogenic health impacts and odour. VOCs
are also involved in the production of photochemical
smog,

* The primary amd secondary impacts of VOCx are
species specific and the speciation of VOC emissions
miust be recognised in fisire legislation.

Quality of Urban Air Feview Group

»  Consistent monitoring of VOCs is in its infancy. Long
fime series of wrban concenfrafions are not vel
available and source reconciliation has not been fully
developed. The DOE Hyvdrocarbon Network will
prowvide much needed information, primarily for

vehiiole emissions,

Tovere Crrgranic Micropollutants (TOMPS)

» TOMPS incinde polvevelic aromatic ivdrocarbons,
(PAH) and compounds (PAC), polychlorinated
biphenyls (PCB) and dioxins. All are formed in
combustion. Diesel emissions are the primary soure
of wrban PAH. Dioxins are formed by the combustion
of chlprine-containing compounds; sowrces include
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vehicles and incineration. An important source of
PCEs is their discontined manufacture for indiustrial

JRITF IR,

o The compounds are present in the vapour phase and

on parficles. Many are carcinegenic.

e Menmitoring has been very limited but the new DOE
TOMPS programmme is beginning 1o provide viluable

informaiion.

9.5 RESEARCHRECOMMENDATIONS

Volatile Organic Compounds

s The development of strict analysis protocols for
opnical detection teclnigues feg OPSIS) and of remore
sensing fechnigues {eg LIDAR) to obtain tine- and

space-resolved concentralions.,

v The development of low cost, specific techmigues for
analysis such as diffusion tubes and solid state
sensors and their deplovement in spatial grids over

extended wrban areas.

s The validation of emissions inventories, the
development of rebust source apporiionment

technigues and their deployment on new darasers.

v The development of technigues for handling and
viswalising the large datasets generated in fulire
campaigns (large species spectrum correlating with
large emissions inventory, spatial and remporal
dimensions, meteorological data, geographical
information on lecal point and extended sources,

atmospheric chemistry),

»  Guidelines for the use of velavile organic compounds,
based on photochemical ozone creation pereniiels
and roxiciry guidelings.

Toxic Chrpanic Micropollutangs

* The establishment of longer running data sels is
mecded with, where possible, correlation with
meteorological condifions and potential lecal

SOLNTES,

= Moenitoring is required for a range of emissions
senirces for the constriction of relialble emissions

inverttories and the apportionment of soudes.
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» The atmospheric chemistry of TOMPS is poorly
wnderstond, especially en particles. It is significant,
especially for PAH, becanse of the formation of
potentially  carcinogenic PAC, such as
mitrocompounds. The atmespheric monitoring of such
componnds is also needed,

*  More work is needed on the development of source
reconciliarion for TOMPES,
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Future Trends

10.1 INTRODUCTION

This chapter of the report addresses the issue of future
trends in air pollution emissions in the UK and their
consequences for urban air quality. In most of the urban
areas of the UK, and in all the largest ones, road traffic
emissions probably make the dominant contribution to
ground level concentrations of most pollutants. The
exceptions are in those relatively few towns, generally
of fairly small size, where coal and smokeless fuel
consumption in the domestic sector is still significant,
These areas form a special case and will not be discussed
further in this section.

An assessment of future trends in urban air quality will
therefore depend very strongly on trends in road waffic
emissions. These in wum will depend primarily on two
factors, namely the effect of regulations on the
technology determining emissions of individual vehicles
and the total use of vehicles in and ground the urban area
in guestion. Cther factors will also play a role such as
changing levels of congestion, periodic emissions lesting
L= [

In assessing the effect of regulations on individual
vehicle emissions it is essential to take into account the
actual technology used in meeting the regulation and its
emission performance over the range of operating
conditions experienced in practice.

Very few forecasts of traffic activity in individual urban
areas are available, and much of the discussion below
deals with forecasts at a national level. Consequently

e 10.1 EC Directive Limits for Light Duty Vehicles

extrapolations of national trends o wends in specific
urban centres will not always be straightforward, and the
discussion below should be read with this in mind.

10.2 VEHICLES

0.2 1 Regulatory Backgrovund

The discussion in this section will deal primarily with
forthcoming regulations on motor vehicle emissions.
There are other commitments to national emission targets
which the UK has made, notably the S0; and NO, and
VOC Protocols of the UNECE Convention on Long
Range Transboundary Air Pollution, but with the
exception of the VOC Protocol, the non- vehicular source
reductions required to meet the emissions targets will
have a relatively small effect on urban air quality.

The most recently agreed EEC Dinective governing
emissions from light duty vehicles is 91/44 1/EEC and
the limits in this Directive are compared with the
preceding limits (B3/351/EEC also known as ECE
Regulation 15-04) in Table 10,1, There is also a limit on
evaporative emissions of 2 g of hydrocarbons per SHED
test in 9144 1/EEC. Also shown in Table
extensions to the 9144 1/EEC limits which have been
proposed to the EC by the Motor Vehiclés Emissions
Group (MVEG). It should be noted that these latter are
suggestions only at this stage. The EC is scheduled 1o
produce an official Proposal by the end of 1992,

10.1 are

Conformity of Froduction

Betive Reterence Dates Type Approval
Weight
Min Max Type Entry co HC+NOQ,  Partic.
kg kg  Approval into g/km g/km g/km
Sarvice
BS1EEC © 1020 10ciB2 10ctB5 1431 469
FB1EEC 101 1250 10ct82 10ct85 1654 506
351/EEC 1251 1470 10ct82 10ct85 1876 543
BS1/EEC 1471 1700 10ci82 10c185 2073 580
351EEC 170 1930 10ct82 10ct85 2295 617
BS1/EEC 1931 2150 10ctf2 10ct85 2493 6.4
BS1EEC 2151 3500 10ct82 10ct85 27.15 691
AMEEC © 3500 1Jul82 31 Decte 272 n.ary 0.14
TMEEC O 3500 1 Jan 96 22 05 0.08
1.0 07 0.08
| S 1.l_J 09 0.1
Quality of Urban Air Review Group

Idle Co HC+NO,  Partic. Idle Comments
Co% g/km gfkm g/km CO%
4.5 17.28 587 4.5 EC Urban cytle
a5 18.74 6.32 45 EC Urban cycle
3.5 2246 679 4.5 EC Urban cycle
35 24.93 .26 4.5 EC Urban cycle
3.5 27.64 7.2 4.5 EC Urban cycle
3.5 29.86 BT 45 EC Urban cycle
3.5 32.58 B.64 4.5 EC Urban cycle
25 3.18 1.13 0.18 4.5
Gasoline vehicle 51.2 proposal by
101 Diasal 31 Dec 1952
DI Diesel
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Directive Dates Type Conformity
Approval of Praduction
co HC NO,  Panic co HC MO, Partic.
BR/TTEEC 1011890 112 2.4 14.4 . 12.3 26 158 -
Oi/S42/EEC 1 July 1982 4.5 1.1 8.0 10,364 4.8 1.23 9.0 0.4
1 Oct 1995 4.0 1.1 7.0 015 y 4.0 1. 7.0 0.15

{a) If engine <85 kKW then value is 0.51 g/kWh
(b} If engine <85 kW then value is 0.68 g/kWh

It is clear that the 91/M441/EEC limits represent
considerable reductions in emissions compared with the
Reg 15-04 limits. To meet the limits, gasoline vehicles
will need o use three-way catalyst technology. Diesel
cars will also have to be capable of meeting these light-
duty vehicle limits and accordingly, for the first time, a
gravimetric particulate emission limit of 0.14 g km' is
included. In order to meet the increased stringency of the
MVEG-proposed limits, it is likely that improvements to
catalyst light-off performance, and hence cold start
emissions, will be required.

An EEC Directive limiting Heavy Duty Vehicle
emissions was also agreed in 1991 (91/542/EEC) and
the emission limits are shown in Table 10.2. They take
effect from 1 July 1992 and 1 October 1995, and can be
compared with the limits existing before July 1992 also
shown in Table 10.2.

Taken together these increasingly stringent limits will
lead 1o very significant reductions in emissions from
individual vehicles. The next section discusses how these
regulations and technology changes will influence future
emissions in combination with traffic demand forecasts.

10.2.2 Future of UK Emissions

The discussion in this section is taken from recent
detailed calculations and a report by Eggleston ™, to
which the reader is referred for a full description. That
repont considers future developments in emissions from
all major sources including the electricity supply
indusiry, road iransport and others.

The forecasts used curreni emission control legislation
as described above for motor vehicles and incorporated
the requirements of the EC Large Combustion Plant
Directive. The work also used official UK Government
forecasts of relevant activities. Energy use projections

4

were those produced by the (then) Department of Energy
in Energy Paper Number 58, 1990, Forecasis of road
traffic growth were those published in 1991 by the
Department of Transport (Transport Statistics Great
Britain 1991},

The implications of the regulatory background and usage
forecasts in terms of technologies used by road traffic
have also been taken into account.

Of more importance in the context of urban air quality,
the assumptions regarding vehicle technologies, their
use and performance are summarised below.

«  Catalysts - All new passenger cars will be fitted with
closed loop three-way catalysis from 31 Dec 1992,
Some vehicles are already fitted with catalysts. These
are assumed fo fail af a rate of 5% a year. After cars
are 3 vears old failed catalysts will be detected at the
annal MoT 1est and repaired with a ¥3% success
rate. Catalysis will degrade with use. In the absence
of any better data it is assumed that the degradation
just meets US federal requirements and is linear with
mileage. Failed catalyst cars are assumed fo emir at
Reg 15346 rares.

*  Cold Starts - These are estimated in the same manner
as for the National Atmospheric Emission Inventory.
Driver behaviour is assumed not {0 change in the
future so the fraction of short jowrnevs remains
unchanged, This is a significant source of emissions
especially into the furure when emission from warm
vehicles will be substantially redwced,

* Vehicle Age - Vehicle age profiles have been derived
from the DTp Statistics for each vehicle type. These
are assumed to remain constant into the fisure. While
this may be a reasonable estimate over the longer
term, short term deviations may occur. For example if
a recession in the future causes owners to delay

1) Eggiesson, M5, (1692) Polbution from the Atmosphens: Futiare Emissions From the UK. WL Raport LIBBSIAP), Warmsn Spring Laborstory, Sievenage, UK
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For pollutants sech as CO and VOCs, although no
detailed calculations have yet been carried out for urban
areqs, it is likely that substantial improvements in urban
air quality will occur at least to 2010. The national
forecasts referred to above estimate reductions of 56-
62% in CO emissions and 61-67% in VOC emissions
from 1992 to 2010. One feature of the urban situation
which may tend to reduce the size of the decrease in
emissions is the performance of catalyst vehicles under
cold start conditions before the catalyst attains its
operating temperature. There is some uncertainty about
how important this will be in practice, and as has already
been noted, the stringency of the recently proposed EC
Directive may well lead to improvements in cold star
performancs. Equally it should be noted that urban traffic
activity in the larger cities, may well grow at slower rates
than the national forecasts. Taking all these qualifications
on board, it is therefore clear that substantial
improvements in urban CO and VOC concentrations
should oceur over the next two decades.

In terms of individual hydrocarbons, measurements Lo
date suggest that emissions of many species will reduce
substantially with catalyst technology. Emissions of
benzene and 1.3-buiadiene have been measured from
three TWC vehicles'™, Over cold start EC urban cycle,
average benzene emissions over the three vehicles were
50 mg km!, 75% less than for the current non-catalyst
vehicles tested in the same work. However when the
catalyst operating temperature was reached, the average
benzene emission was 5 mg km'' or less across the
whole speed range up to 90 kph. This represents a better
than 90% reduction in benzene emissions compared
with current technology vehicles. Emissions at 113 kph
were higher than at other speeds but were still 0% less
than current vehicles.

Average emissions of 1,3-butadiens on cold start EC
cycle tests for non-catalyst cars were 35 mg km' wilh
values in the range of about 10-20 mg km! over the full
speed range. In TWC cars, 1,3-butadiene was below the
detection limit of the measurements. It is therefore likely
that TWC technology will lead to percentage reductions
for 1. 3-butadiene of a similar size to those of benzene,
amounting to W% or more in warm engine conditions.

!
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Future trends in urban particulate concentrations are less
clear. At a national level the current emissions forecasts
show a relatively small decrease of the order of 17-26%
from 1992 to about 2003-2004 when national emissions
are estimated o increase again, with the high growth
emissions reaching within ~7% of 1992 values by about
2010.

The important point for urban air quality is that unless
lcal urban vehicle activity grows much slower than the
national forecasts, urban particulate concentrations ane
unlikely to improve by the substantial amounts forecast
for pollutants such as CO and VOCs. Reductions in
particulates of the order of 15-25% (rounding to the
nearest 5) may oceur up to about 2005, when. depending
on traffic activity changes in the urban arcas in question,
increases may occur, approaching 1992 levels by about
2010 in & high growth scenario. In this context the term
particulates would cover not only gravimetric
concentrations of PM,,. but such species as PAHs ete
associated with diesel particles.

10.3 NON-VEHICULAR SOURCES AND IMPACTS

Whilst it is clear that developments in relation to vehicle
emissions will have the single largest impact on ground
level concentrations of most urban air pollutants, other
sources will also have some effect. Many of the
pollutanis discussed in this report originate from
combustion processes and urban areas contain a wide
variety of these. Non-combustion sources consist largely
of evaporative emissions of volatile organic compounds,
which arise from domestic and commercial activity as
well as industry.

Future trends in urban air quality are therefore partly
dependent on developments relating to emissions from
stationary sources. Developments are likely to come
about either as a result of legislation and regulation or
changes in hifestyles of people in urban areas.

The 1990 Environmental Protection Act introduced a
new framework for regulation and control of industrial
emissions, with a timetable for improvement of existing
processes. By 1996, most of the industry in England,
Wales and Scotland will either be regulaed by Her

(T Bairy 4G, Fuain FM and Parkes 5 [16%2) Emissicns of Bennens and 1,3-Buindsens from Light Duty Vehcles Under Nermsl UK Diivirg Condiliens. (susmitind for
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Majesty’s Inspectorate of Pollution (HMIP) (HM
Industrial Pollution Inspectorate in Scotland) or the local
authority, in terms of pollutants emitted into the
atmosphere. Furthermore, the emission limits laid down
in the legislation are considerably more stringent than
has been the case prior (o 1990,

Provided that both HMIP and individual local authonties
are able effectively to register and inspect the industrial
processes for which they are responsible, there should be
a significant reduction in emissions. The extent to which
urban air quality improves in individual towns and cities
will obviously depend upon the industrial activity and its
influence in each case.

Not only have emission limits applicable to many of the
industries become much more stringent since the old
‘Best Practicable Means® notes issued by HMIP but a
wider range of pollutants and processes have been
included. For example, much greater aitention is now
paid to emissions of NO, and volatile organic
compounds. In most cases there is also a requirement for
monitoring of emissions, so not only will it be
demonstrable that emissions will be below the specified
emission limits, but also a better database can be
established of industrial emissions.

In addition to the reduction of emissions from existing
industrial sources, the introduction of new plant will also
influence urban air quality, The electricity supply
industry is an obvious example of a possible shift in the
distribution of sources in urban areas. In the 1960s the
trend was very much towards constructing large power
stations away from urban areas, in contrast to the earlier
philosophy of siting power stations in cities. Examples
of the latter approach to the siting of power stations in
the 1920s are familiar to us today; Battersea power
station remains a prominent landmark alongside the
Thames. It was the creation of the Central Electricity
Generating Board for the generation of electricity and
the National Grid for its transmission which encouraged
the construction of power stations in rural areas, This
was undoubtedly a significant factor in improving urban
air quality. (although leaving other less desirable impacts
on a regional scale).

The 1989 Electricity Act profoundly changed the nature

of electricity generation and distribution in England and
Wales. As a result of this and the new freedom 1o use

Quality of Urban Air Review Group

natural gas as a fuel to generate electricity it seems
unlikely that new power stations will be of the large,
coal-fired type. Furthermore, the new market in
electricity allows significant consumers o generate their
own supply. So, for example, large hospitals or transpor
companies might consider it worthwhile to generate
electricity in urban locations on the scale of 1-10 MW.
Another possibility is the emergence of “combined heat
and power’ (CHP) facilities in the UK. Whilst these are
common in other countries, they have never become
established in the UK, partly because the structure of the
electricity supply industry has never made them
economic on a widespread basis. lsolated examples can
be found of the supply of process heat 1o specific
industries, but the idea of CHP for district heating has
never taken root here. The possibility of establishing a
city-wide scheme in Leicester was actively pursued from
1985 to 1989, but was eventually abandoned. A proposal
at Elswick in Neweastle for a district heating scheme has
received outling planning permission in 1992, but it is
not yet certain o proceed.

If CHP was to become economically attractive, then a
switch from larger non-urban power stations to smaller
CHP installations in populated areas would have some
significance for atmospheric emissions, Clearly, 1t is
important for the generating facility to be close to the
users of the process heat and it is this factor which
determines the location. Cenainly, there would be strong
support for CHP from some quarters, since it has
potential benefits in respect of CO, emissions and is
arguably a much more thermally efficient use of fuel. In
the near future, sech schemes would most likely use
natural gas as a fuel and the impact on urban air quality
would be minimal. In any eventuality, the emissions
from such plant would be tightly controlled and if such a
shift in the siting of generating capacily were LD OCCur,
there would not necessarily be a reduction in urban air
quality as a result,

Another consequence of the way in which the CEGB
was divided into private generating companies, with
Muclear Electric remaining in the public sector, was the
creation of the MNon-Fossil Fuel Obligation (NFFO).
This allows cemain approved projects to sell eleciricity
at a significant premium above the prevailing “pool’
price. As a result, some ‘refuse-to-energy’ plants have
been proposed and in some cases granted planning
permission in urban areas. Such plants are, in effect,
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mumicipal waste incinerators which produce electricity
a5 a byv-product, bui the sale of the elecincity at an
attractive price makes the schemes viable economically.
However, the NFFO taniff is due to expire in 1997 and it
is not clear at this stage whether municipal waste
incineration will remain as attractive as it is currently. In
the long-term, much will depend on the availability of
landfill and the consequent effect on the prices of various
routes of waste disposal. The siting of large waste
incinerators is a controversial topic and their impact on
air quality is usually put forward as one of the principal
objections. Inevitably. developers of such projects prefer
to site them i or near o urban areas where the waste is
generated. Incinerators of various kinds, (sewage sludge,
hazardous waste, clinical waste as well a5 municipal
waste) are likely 1o be increasingly required in the near
future as waste disposal by the more traditional means
becomes unacceptable or illegal. Any incinerator will
release 1o atmosphere a much wider range of pollutants
than typical combustion processes, as a result of their
feedstocks. For example, small quantities of heavy
metals and organic compounds will be emitted.
However, their impact on local air quality is likely to be
slight, since emission limits are very stringent and stack
heights will be sufficient to ensure adequate dispersion
of the pollutants. New incinerators will be vastly superior
to the older municipal waste and clinical waste
incinerators in terms of their emissions. Any of the
existing incinerators which do not meet the new
standards set by the Environmental Protection Act will
not obtain authorisations to continue operation,

One very significant factor in the sharp reduction in
smoke and 50- concentrations in most UK towns and
cities has been the switch from coal to natural gas as a
means of space heating. Oil has its sulphur content
regulated and contents have been progressively reduced.
The scope for further reductions of sulphur dioxide and
particulate emissions is therefore limited in this respect
will in the foreseeable furure, given the available supplies
of natural gas. As can be seen from Chapter 4, however,
there are still parts of the UK which either have not or
cannot make this fuel switch. Belfast was cited as the
prime example of this and the air quality in winter would
undoubtedly benefit should a natural gas pipeline to the
province be constructed.
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Evaporative emissions from a wide variety of sources
account for much of the volatile organic compounds in
the urban atmosphere. These arise from industrial,
commercial and domestic activities and any reduction in
emissions is likely to come about by a variety of means.
Industry is being asked to reduce YOCs in order to
reduce the formation of ozone and the instrument for
achieving this is the Environmental Protection Act. In
many cases indusiry is reacting well o new emission
limits and changing processes in order to comply or
investing in control technology. The use of paints with a
reduced solvent content for vehicle respraying is a good
example of this.

In other countries, specific compounds have been
targeted for combative measures o reduce emissions. In
California, the filling stations are required to have special
nozzles which trap and recycle petrol vapours which
wiould otherwise escape to atmosphere. Such a measure
would have the effect of locally reducing benzene
concentrations as well a5 assisting in a minor way 1o
limiting precursor emissions to the formation of
photochemical oxidants. As yet, there appears to be no
move 1o introduce similar measures in the UK, although
the Second Update to the 1991 White Paper ‘This
Common Inheritance’ did include a commitment to
reducing the summer volatility of petrol.

Furthermore, the European Commission are considering
a draft Directive aimed at reducing by 90% over a ten
vear period, the volatile organic compounds which
escape inlo the atmosphere whenever petrol is handling
at storage depots or filling stations.

It 15 possible that domestic emissions of VOCs could
decline as a result of greater consumer awareness as has
been the case for chlorofluorocarbons (CFCs).
Paradoxically, of course. CFCs have sometimes been
replaced as aerosol propellants by hvdrocarbons. Water
based paints have increased in popularity for use in and
around the home and if this trend is continued then
emissions of certain VOC species will decline. If
consumers are made aware of the environmental
implications of particular products, the evidence seems
to be that their purchasing habits can be modified. It
must be the case that future urban air quality depends on
the lifestyles and behaviour of the populace of urban
areas.,
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In summary, it seems likely that urban air quality will not
deteriorate further as a result of non-vehicular emissions,
Provided that the Environmental Protection Act
legislation is properly enforced by HMIP and local
authorities air quality should improve in those wrban
arcas which are currently influenced by industrial
emissions. Further scope for improvement of smoke and
S0, concentrations as a result of domestic coal bumning
is limited to a few ancas only,

10.4 OZ0ONE

Ozone 15 a secondary pollutant which makes the
prediction of future trends in its concentrations even
more difficult than for the primary pollutants. The
precursor emissions are oxides of nitrogen and volatile
organic compounds. Both of these are forecast to decline
in the next ten years, largely as a result of reduced
vehicle emissions following the introduction of catalytic
converters. However, this does not automatically imply
a reduction in concentrations of ozone, especially in
urban locations.

The mechanisms for orone formation are complex and
far from completely understood. For example, the ozone
creating potential of some volatile organic compounds
has been estimated bt this process cannot be done for
the entire range of WOCs emitied.

At present, the ozone concentrations in UK towns and
cities are thought to be suppressed, especially in city
centres and near to high traffic flows which are sources
of nitric oxide (NO). Hence, in the current situation the
emphasis is not 5o much on ozone formation but ozone
destruction. In a future scenario in which emissions of
WO, and VOCs were reduced the outcome for urban
ozone concentrations is very hard w determine. IF the
introduction of catalytic converiers on vehicles results in
a significant reduction in the amount of NO emitted, it is
conceivable that ozone concentrations in urban areas
could rise. There is some evidence 1o suggest that at
p::r:ﬁcni concentrations in suburban areas and parks may
be more similar to those in rural areas. [uis likely that any
rise in urban ozone concentrations would be
characterised by a spreading of the zones where ozone is
not currently being destroyed by NO. Therefore, it would
be a rise in concentrations averaged over the whole
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urban area which would result, rather than a rise in the
magnitude of concentrations at specific locations where
they may already be significant.

10,5 SUMMARY AND KEY ISSUES

= Future urban air quality will be largely deternined
by the fufire pattern of motor vehicle emissions.

o Current and forthcoming EC legisiation will result in
considerable reductions in emissions on a per-vehicle
basis from petrol engined and light duty diesel
vehicles. Similar lepislarion will also reduce
emissions from heavy duty vehicles,

» Taken together the increasingly stringeni limits have
been estimared ro lead ro major reductions in mational
emissions of NO., CO and VOCs from road transport
of 33%, 60% and 08% respectively from {990 1o
2000, UK particulate emissions from road transpoert
are estimated to decrease by only 15% over the same
period,

« By 2000, HGV emissions of NO, are estimated to be
more than half the total UK road transport NO,
emissions (compared with abowr 0% ar present).
The proportion of road traffic particulate enissions
artxing from HGVE i estimared fo remain qf abont
65% over the period 1990-2010.

o Only one study of futre wrban aiv gquality in the UK
has been carried ow. This study which assessed NO,
concentraions in London i 2000 way carried out
Sfour vears ago, since whiclh time emissions
inventories, air quality information and assessment
techniques have improved. The study estimated
decreases in annual average NO, concentrations of
208 in London from 19834 0 2000, Decreases in
N} concentrations were estimated al aily
about 5%.

10.6 RESEARCH RECOMMENDATIONS

= Forecasts of national emissions should be wpdated
regularly as new mformation becomes available and
as new or proposed legislation emerges.

»  An npdated forecasting study of wrban air quality in
London and other major UK cities should be carvied
ol a5 @ matter of urgency.
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Annex C: Pollution Contred Regulations Ralevant to Urban Alr Quality 1956-1990

Regulations Relevant to UK Urban Air
Quallty, 1956-1992("

1956

1968

1971

1974

1975

1975

1977

I..tr,l:.’l:.ll-unl']lcgulallul Impa-ctcln Llrb.'u:l Air Qua]:l}'

Clean Alr Act - Introdeced Smoke Control Arcas and
grants for converston 0 smokeless Tuels, Controlled
chimney heights. Prohibited emission of dark smsoke from
chimneys with some excepioms.

Clean Ajr Act - Extended the Smoke Conirol provisions.
Extended the protabition of dark smoke emissions,

EC Directive TW22WEEC - relating to measures 1o be
taken against air pollution by gases from positive ignition
engines of motor vehicles, Limited emissions of carbon
monoxide and hydrocarbons from petrol cars, Intmoduced
imo Ewropean legislation the requirements of UN
Economic Commission for Europe (ECE) Regulation 15,
Came inio foree in 1971.

The Performance of Dicsel Engines for Road Vehicles
BSI AU 141a - Controlled hlack smoke from heavy duty
vehicles.

EC Directive THMMEEC - mexsures 1o be taken against
emissions of pollutant from diesel engines for wse in
motor vehiches. Limdted black smoke emissions from
heavy duty vehicles. Essentially extended UK B51 AU
141 requiremens throughout the BC.

Conirol of Pollution Act - Allowed for the regulation of
the composition of motor feels, and limited sulphur in
fuel oil.

EC Directive T42HVEEC - Amending 1970 directive
relating 1o measures 10 be taken against air pollution by
gases from positive ignition engines of modor vehickes,
Reduced limit values for carbon monoxide and
hydrocarbons emissions from petrod cars in line with UN
ECE Regulation 15.01. Came into force in 1975,

EC Directive 75M4UEEC - Esablished a commen
procedure for the exchange of information between the
surveillance and monitonng networks based on data
relating to sulphur dioxide and smoke. Set up a procedure
for cxchanging air quality information between Member
Suies.

EC Directive 73/TIWEEC Relating 1o the
approximation of the laws of Member sivles on the
sulphur content of certain lguid fuzls, Defined two types
of gas ofl (diesel and heating oil). Introduced in two
stages sulphur limits for these fuels,

EC Directive 7TI0YEEC - Amended 1970 directive
relating to measures io be taken againg mr pollwion by
gases from positive ignition engines of motor vehicles
Reduced limit values for carbon menoxide and
hydrocarbons. Introduced limits for nitropen oxides
emissions from petrol cars in line with UN ECE
Regulation 15.02. Came into force in 1977,

1978

1978

1550

1951

1982

1952

1983

1955

1987

EC Directive TR66SEEC - Amended 1970 Directive
relating to measures to be taken against air pollution by
goses from posilive igmtion engines of modor vehicles.
Reduced limit values for carbon monoxide, bydrocarbons,
and mitrogen oxides emissions from petrol cars i line
with UN ECE Regulation 1503, Came into force in
1979.

EC Directive TRGIEEC - Concerning the lead content
of petrol. Limited the maximum permissible bead content
of petrod at 0.4 g I'. Came into force in 1981,

EC Directive BUTAVEEC - Air quality Bmit values and
guide values for sulphur dioxide and suspended
particulates,

The Motor Fuel { Lead Content of Petrol Regulation) -
Limited the maximum amount of lead in petrol o
04gl.

EC Directive BX4SWEEC - Repealed Directive 75441/
EEC and éstablished a reciprocal exchange of information
and data rom networks and individeal Satons messunng
air pollution within Member States. Set up a procedun:
for exchanging air quality information.

EC Directive S2B84EEC - Limit value for kead in the
air,

EC Directive BAISLEEC - Amendad 1970 directive
relating to measures to be taken against air pollution by
gases from engines of motor vehicles, Reduced limit
values for carbon monoxde. hydrocarbons and mtfogen
oxiiles emissions from petrol cans in line with UN ECE
Regulation 15.04. Introdwced limits for diesel engines for
first 1ime. Due to come into force in 1984 but was never
introduced inte Bratsh legiskation.

Directive BABG0EEC - A framework directive on
combating air pollution from industrial plants. The
introduction of a common framework for reducing air
polluton from industrial plants in the Community, Came
inLo force in 19387,

EC Directive B3/200EEC - Air quality standards for
nitrogen diotide.

EC Directive 8S210WEEC - The approximation of
Member State legislation on lead content of petrol, and
the introduction of lead-free petrol Allowed for the
introduction of unleaded petrol. Limited the benzene
concentristion of petrol to 5 % by volume.

The Mator Fuel (Lead Content of Petrol Regulation) -
Limited the maximum amount of lead in petrol o
0.15 g I, Came imo force in December 1985,

EC Directive 872 17EEC - Prevention and reduction of
environmental pollution by asbestos. Controlled the
poellution of air, waler and land by asbestos from all
significant point sources.

[1) Adsgaed freen. ‘Nalianal Soeiety for Chan Alr and Environmentsl Profoctian (1992) Pollution HANEDook MECA, Brgrion, Us
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Annex D Description of the Locations of Automated Monitoring Nebworks in Urban Areas of tha UK

Description of the Locations of Automated
Monitoring Networks in Urban Areas of the UK

Site Name Grid Reference
London, Earls Cour TQ 251788
Glasgow MNE 505653
Manchestar 5J B359739
Walsall S0 995985
Billingham MNZ 470237
Shethald SK 403905
London, Bridge Place ~ TQ 289788
S0, Directive Sites

Site Name Grid Reference
Beltast, East J 357740
Rugsloy SK 043173
Barnsley SE 348094
m Urban Network Sites

Site Name Grid Reference
Bolfast Mot availabla
Edinburgh NT 254738
Cardif 5T 184765
London Bloomsbury TO 302820
Birmingharm 5P 064868
Bristol 5T 299343
Leeds SE 941329
Liverpool to be decided
MNewcaste NZ 205646
Leicester o be decided
Southamplon to be decided
Kingston upon Hull 1o be decided

Quality of Urban Air Review Group

Pollutants Measured
NO,, CO

NO.. CO

NO,, CO

NO,

Mﬂ\

NO,, CO
50, NO,, GO, O,

Pollutants Measured
50,, Smoke

S0, Smoke

S0, Smoke

Pollutants Measured
NG, SO, CO, O, PM,,

NO,, SO,. CO, O, PM,,

NO,. 80,, CO, O,, PM

2 L]

NO.. S0,. CO, O, PM

&

NO.. 50,, CO, O, PM,,

NO,, SO,, CO, O, PM,,

NO,, 50, CO, O,, PM,,

NO,, SO, CO, O, PM,,
NO,, SO, CO, O, PM,,
NO,, SO,, GO, O, PM,,

MO, 50, CO, O,
NO,. S0, CO. O, PM,,

Site Description
Urban

Urinan
Urban
Urban
Industmal
Lirban
Lirban

Site Description

Urban {Residential)

Municipal building on edge of smaill
Town

Municipal Building on adge of coal
mining town

Site Description
Pedestrianised streel (Lombard Street)
25m from majgor road

Urban parkland (East Princess Streal
Gardens), 35m from major road

Pedestrianised streal (Frederick Street)
150 from major road

Urban park {(Russall Squana), 35m from
kerbside

Pedestrianised area (Centenary
Sauara), 10m from major road; 10m
Irom small car park

Padestrianised walkway (Lower Castle
Streel to Bond Streaf) 43m from major
road,

Open area (Queen Square Court) 30m
from major road

Padastrian area 40m from road
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Figure D1 Geographical Distribution of Smoke and 50, Monitoring Sites

178















Annex F: Background Information on the Key Urban Pollutants

The Key Urban Pollutants

POLLUTANT

SULPHUR DIOXIDE (SO,)

NITROGEN OXIDES (NO,)

PARTICULATE MATTER

ORGANIC COMPOUNIDS

TRACE METALS

CARBON MONOXIDE (CO)

OZONE ()

Cuality of Urban Air Review Group

SOURCES

Fuel combustion for domestic heating, power stations,
industrial boilers and chemical processes, waste
incinerators, diesel vehicles.

Transport (road, rail. passenger and commercial) fuel
combustion for domestic heating, power stations,
industrial boilers and chemical processes, waste
incinerators,

Fuel combustion for domestic heating, power stations,
industrial boilers and most industrial processes, transport,

wiste incinerators,

Transpart, oil based fuel combustion sources, chemical
processes, solvent use, waste incineralors.

Specific pollutants considered here include:

= Benzene - petrol combustion products, evaporation
from perrol pumps and fuel tanks,

»  Polvanclear aromatic fovdroecarbons (PAH). Fuel
corrtbestion.

* Volarile organic compounds (VOCs). A range of
VOCs are involved in ozone and PAN (peroxyvacetyl
mitrate) formation; main sources include: transport
and solvents {esp use of paints in industrial and
dermestic sectors ).

Metal production and finishing operations, products

manufaciure, fuel combustion and waste incinerators,

chemical processes, transport.

Specific pollutants considered here include:

o Lead (Ph). Use of lead additives in petrol

o Cadminm (Cd), Fuel combustion, metal production

PROCESEES, WOsTe [eineraiors.
Muotor vehicles and combustion processes

Secondary pollutant from primary emissions of NO, and

YOy
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MITROGEN OXIDES (NO.,)

1. Deseripiion

N0, is a collective term used to refer 1o two species of
oxides of nitrogen: nitric oxide (NO) and nitrogen
dioxide (NO). ((ther oxides of nitrogen exist, but are
not included in the definition of NO, ). These two oxides
are grouped together because most anthropogenic NO,
derives from emissions of NO. NO, is generally
regarded as being more important from the point of view
of human health. Consequently, data on health risks,
ambient concentrations and standards and guidelines are
expressed in terms of NOy rather than NO,.

Nitrogen dioxide (MO.) is a reddish-brown gas. It is a
stromg oxidant and soluble in water,

2 Occurrence in Air

Annual mean concentrations in urban areas are generally
in the range 10-45 ppb (20-90 ug m’). Levels vary
significantly throughout the day, with peaks generally
occurming twice daily as a consequence of “rush-hour™
traffic. Maximum daily and one-hourly means can be as
high as 200 ppb (400 ug m) and 450 ppb (850 pg m™)
respectively.

X Major Sources

Globally, guantities of nitrogen oxides produced
naturally (by bacterial and volcanic action and by
lightning) far outweigh anthropogenic emissions. These
give rise to low level background atmospheric
concentrations. Anthropogenic emissions are mainly due
to fossil fuel combustion from both stationary sources
(heating, power generation) and transport (internal
combustion cngines).

In most cases, atmospheric nitrogen is oxidised 1w NO
during combustion and then oxidised to NOs when
emitied into the atmosphere. The former process is
temperature dependent, with less “thermal” NO being
produced in lower temperature combustion processes.
{Nitrogenous compounds in coal, and to a lesser extent
in oil, also make a contribution to the total quantity of
NO emitted). A small percentage of NO, is also emitted
from most combustion sources. The atmospheric
oxidation of NO 0 NO, is caused by reaction with Oy

184

Urban Air Quality in the UK

and other oxidants, such as HO,. This occurs rapidly
even when there are relatively low concentrations of NO
and oxidants in the atmosphers,

Other atmospheric contributions come from non-
combustion processes, (For example, nitric acid
manufacture, welding processes and the use of
explosives). Indoor sources of NOs include tobaceo
smoking and the use of gas fired appliances and oil
stoves.

4. Atmospheric Beluviour

When NO is emitted into the atmosphere, most of it is
rapidly oxidised to NOs by Oy or other oxidants such as
HO.:

ND'I'DJ—'P NDE'I'GI
NO + HO, — NOs + 0OH

In polluted atmospheres, other oxidation reactions take
place involving hydrocarbons, aldehydes, CO and other
compounds. NO also combines with OH radicals 1o
produce nitrous acid (HNO,).

Once formed, the atmospheric residence time of NO, 15
of the order of one day. It is then converted to nitric acid
(HINOL) by reaction with OH radicals. Most HNO; is
then removed from the atmosphere by wet and dry
deposition.

5. Hurman Health Effects

A variety of respiratory system effects have been
reported W be associated with exposure 1o short-and
long-term N0, concentrations less than 2000 ppb in
humans and animals, including: (1) altered lung function
and symptomatic effects observed in controlled human
exposure studies and in community epidemiological
studies, (2) increased prevalence of acute respiratory
illness and symptoms observed in cutdoor community
epidemiological studies and in indoor community
epidemiological studies comparing residents of gas and
electric stove homes, and (3) lung tissue damage,
development of emphysema-like lesions in the lung, and
increased susceptibility to infection observed in animal

.






SULPHUR DIOXIDE (S0,)

I, Deseription

Sulphur dioxide (S05) is a colourless gas. It reacts on the
surface of a variety of airbomne solid particles, is soluble
in water and can be oxidised within airbome water
droplets.

2. Ocenrrence in Air

Annual mean concentrations in most major UK cities are
now well below 35 ppb (100 pg m), with typical mean
values in the range 10-20 ppb (25-50 pg m). Hourly
peak values can be 400-750 ppb (1,000-2,000 g m~) on
infrequent occasions. MNatural background levels are
about 5 ug me.

Acid aerosol (most of which is formed from S0,) oceurs
in concentrations of the order of 0-20 pg m™ (measured
as sulphuric acid) in North America and Europe.

3. Major Sources

The most important sources of emissions of 50, are
fossil fuel combustion, smelting non-ferrous ores
{mainly copper, lead, nickel and zinc), manufaciure of
sulphuric acid, conversion of wood pulp 1o paper.
incineration of refuse, production of elemental sulphur.
Coal burning is the single largest source of atmospheric
S50, accounting for about 50% of annual global
emissions in recent years, with oil buming accounting
for a further 25-3056 of emissions.

4. Atmospheric Behaviour

50, is the principal pellutant associated with the problem
of acid deposition, usually after having been oxidised to
sulphunc acid. The most likely first step in a chain of
reactions is oxidation of 50, by OH:

S0, + OH (+M) = HS0; (+M)

{(Where M is a molecule of oxygen, nitrogen or other
naturally oceurring gas which carries off the excess
energy, thereby preventing the immediate reversal of the
reaction).

4
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Oxidation reactions invelving O, 05 and the
hydroperoxy radical (HO;) are so slow as 1o be
insignificant. Oxidation reactions with organic peroxy
radicals (ROy) can become significant in highly polluted
atmospheres.

The subsequent reactions of the transient HSO; radical
are still uncertain, although ultimately it is transformed
to sulphuric acid (H,50,). The most likely mechanism is
thought 1o be:

HSOy + 0y = 50, + HO,
S0y + H,0 — H.S0,

This sulphuric acid is generally present as an acid
aerosol, ofien associated with other pollutants in droplets
or solid particles of a wide range of sizes,

S50 oxadation in water droplets by hydrogen peroxide
and ozone is also an imporiant mechanisim.

The sulphuric acid is finally removed from the
aimosphere by either wet or dry deposition.

4. Humwan Health Effects

Concentrations of more than 4,000 ppb (10,000 pg m™)
50, can give rise (o severe effects in the form of
bronchoconstriction, chemical bronchitis and chemical
tracheitis. Concentrations of 1,000 ppb (2700 pgm™)
give rise to immediate clinical symptoms with
bronchospasm in asthmatics.

Epidemiological studies indicate the following effects
after short term exposures to 50; and numerically
similar concentrations of black smoke: possible small
reversible decline in childrens lung function 100-150
pph (250- 450 g m); aggravation of bronchitis (about
200 ppb); increased mortality (200-400 pph).

Sulphuric acid and other sulphates also have human
health effects. Respiratory effects have been reported for
concentrations of 350-500 pg m™ sulphuric acid, with a
lowest-demonstrated-effect level of 100 ug m™ for
exercising adolescent asthmatics. The odour threshold
for sulphuric acid is in the range of 750-3,000 pg m-.






CARBON MONOXIDE (CO)

{. Description

Carbon monoxide (CO) is a colourless, odourless,
tasteless gas that is slightly lighter than air,

2 Ocurrence in Air

MNawral background levels of CO fall in the range 10-
200 ppb. Levels in urban areas are highly variable,
depending upon weather conditions and traffic density.
8-hour mean values are generally less than 10 ppm
(12 mg m®) but can be as high as 50 ppm (60 mg m™).

1. Major Sources

CO is an intermediate product through which all carbon
species must pass when combusted in oxygen. In the
presence of an adequate supply of O3, most CO produced
during combustion is immediately oxidised o CO,.
However, this is not the case in spark ignition engines,
especially under idling and deceleration conditions.
Thus, the major source of atmospheric CO is the spark
ignition combustion engine. Smaller contributions come
from all other processes involving the combustion of
organic matter (for example in power stations, industry,
wasie incineration). In the indoor environment, tobacco
smoking can be a significant source of CO.

4. Anmospheric Behuviour

Oince emitted 1o the atmosphere, CO is slowly oxidised
0 OO,

3. Human Health Fffecis

When CO is inhaled it enters the blood stream and may
disrupt the supply of essential O 1o the body's tissues,
The health effects of CO result principally from its
ability o displace Oy from haemoglobin, forming
carboxyhacmoglobin (COHb). (The normal function of
haemoglobin is to transport O, from the lungs to all body
tissues). The consequent reduced O, availability can
give rise to & wide range of health effects (depending on
how much the supply of oxygen to the body is impeded).

/!
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These health effects are usually related to blood levels of
COHb (expressed as a percentage), which can in turn be
related to exposure (as a function of éxposure Lime as
well as concentration). The “no-observed-effiects™ level
is about 2% COHb which can be related 1o an 8 hour
exposure (moderate activity) o 15-20 ppm.

Certain neurobehavioural effects can be expected at
about 5% COHb (moderate activity for 8 hours in
35 ppm) that can be related to observable ambient
concentrations. These include: impaired learning ability,
reduced vigilance (ability to detect small changes in the
subject’s environment), decreased manual dexterity,
impaired performance of complex tasks, and disturbed
sleep activity.

However, of greater concern at more typical ambient CO
concentrations are certain cardiovascular effects
including agpravation of angina, in those individuals
with impaired cardial blood supply, during exercise.
This may occur at concentrations of carboxy-
haemoglobin of between 2.9 and 4.5%.

Individuals most at risk from the effects of CO include
those with existing cardiovascular or chronic respiratory
problems, the elderly, young children and foetuses.

6. Other Environmental Effects

There are few if any. other significant environmental
effects. Plants both produce and metabolize CO and are
only harmed by prolonged exposure to very high levels.
(The lowest levels of which significant effects on
vegetation have been reported is 100 ppm for 3 to 35
days).






OZONE (0,)

1. Description

Ozone (O4) is the tri-atomic form of molecular oxygen.
{Most atmospheric oxygen is in the di-atomic molecular
form - 0;). It is one of the strongest oxidising agents,
which makes it highly reactive.

2. Oceurrence in Air

Background levels of O in Europe are usually less than
15 ppb bat can be as high as 60 ppb. Maximum hourly
values may exceed 150 ppb in rural areas and 175 ppb in
urban area.

3. Major Sources

Maost of the O in the troposphere (lower atmosphere) is
formed indirectly by the action of sunlight on nitrogen
dioxide - there are no direct emissions of Oy to the
atmosphere. About 10-15% of tropospheric Oy is
transported from the stratosphere where it is formed by
the action of UY radiation on Os. In addition to O,
tropospheric photochemical reactions produce a number
of oxidants including peroxyacetyl nitrate (PAN), mitric
acid and hydrogen peroxide, as well as secondary
aldehydes, formic acid, fine particulates and an array of
short-lived radicals.

As a result of the various reactions that take place in the
atmosphere, O tends to build up downwind of urban
centres (where most of MO, 15 emitted from vehicles).

4. Atmaospheric Behaviour

The O producing reactions are:
NO; +hy = NO+ 0O
O+ U: — 'D],

The reaction products, NO and Oy can react 1o recreale
G: and NU_'!.

NOy + 0y = NOy + 04

Thus the net result can be summarised as a reversible

Teaction:
N{}_:"I"C'g = NO + 03

The rate at which O; is produced is determined by a
number of factors including the concentrations’of each
of the compounds and the intensity of sunlight. For this
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reasan, Oy episodes occur on hot days, The presence of
other oxidants (eg HO,) in the atmosphere contribute 1o
the build up of O by oxidising NO (produced during Oy
formation) to NO.;

NO + HO, — NO:+ OH
The NO, is then avanlable for further O formation.

Short-lived VOCs, especially the chemically reactive
hydrocarbons, contribute substantially to atmospheric
photochemical reactions and thus to the formation of O,
The lifetime of Oy in polluted areas is about one day (and
more in unpolluted areas). O is removed from the
atmosphere al approximately equal rates by dry
deposition and chemical decomposition. One such
reaction involves the OH radical:

NO; + OH — HNO;

The removal of NO, from the atmosphere disturbs the
equilibrium position of the reversible reaction,
MO, + 0y = NO+ 05, suchithat the concentration of O
is decreased.

5. Human Health Effects

O and other oxidants cause a range of acute effects
including eye, nose and throat irritation, chest
discomfort, cough and headache. These have been
associated with hourly oxidant levels of about
100 pphb. Pulmonary function decrements in children
and young adults have been reported at hourly average
O concentrations in the range 80-150 ppb. The non-
ozone components of the photochemical mixture cause
eye imitation at Oy levels of about 100 pph.

6. Other Environmental Effects
Other environmental effects include damage to matenals

(including as a resull of prolonged exposure to low
concentrations) and vegetation effects.






LEAD

1. Description

Lead is a bluish or silver-grey soft metal. In the context
of air pollution, two of its most imporiant compounds
are tetracthyl and tctramethyl lead, which are used
extensively as “anti-knock” additives in petrol.

2. Oecurrence in Air

In rural arcas lead levels are now <0.1 pg mv*. UK urban
values are now less than | pg m,

Most of the lead in air occurs as fine, inorganic particles
{eg PhBrCl). These particles are mainly submicron sized
{<10%m). Although larger particles are: also present.
Some 10% or less occurs as organic (ie alkyl} lead which
has escaped combustion.

3. Major Sources

Historically, the principal source of atmospheric lead has
been the combustion of alkyl lead additives in motor
fuels. However, the contribution from this source is
decreasing in the UK as a result of controls on the lead
content of fuels and the availability of lead free petrol.
Other contributions come from: the production of metals
(lead, copper, nickel, zinc, cadmium, iron and steel),
thermal power plants and other coal combustion plants.
Smaller contributions come from mining, cement
production, refuse incineration and wood combustion.
Lead based paints also contribute to lead in dust and
hence in air by resuspension.

4. Atmospheric Behaviour

Particulate lead is removed from the atmosphere by wet
or dry deposition. The residence time of lead containing
particles in the atmosphere varies according to a number
of fuctors such as panticle size, wind currents, rainfall
and emission height.

A Hurman Health Effecis

Human exposure to lead is through inhalation of aithbome
lead and ingestion of lead in foodstuffs and beverages.
Whilst most airborne lead is of human ofigin, an
appreciable proportion of that in food and water is of
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natural origin. Nevertheless both deposition of airborne
lead, and lead from other man-made sources, eg pipes
and solders, contribute to dietary intake. Blood lead
concentrations are a good indicator of recent exposure 1o
lead from all sources, and adverse health effects wend Lo
increase in severity with increasing blood lead level,

US EPA standards are based upon the concept of a
relationship between ambient air lead and blood lead
concentrations, and presume that a blood lead level of
0.15 pg ml! (mean value for children) can be achieved
at an ambient air lead level of 1.5 pg m™,

The most sensitive body systems to the effects of lead
are the haematopoietic system, the nervous system and
the renal system. In addition, lead has been shown to
affect the normal functions of the reproductive,
endocrine, hepatic, cardiovascular, immunologic and
gastrointestinal systems. The most sensitive group to
lead poisoning is children. Studies indicate that children
with high levels of lead in blood or accumulated in their
teeth experience more behavioural problems, lower 1Qs
and decreased ability to concentrate, although these
findings are currently controversial.

&, (tfver Environmental Effects

Lead is generally toxic to both plants and animals, and
although no serious effects are gencrally seen at current
environmental levels, it is widely considered prudent 1o
limit further dispersal of lead as far as possible.









Anmex F: Bachground Inlormation on the Key Urban Pollutants

POLYCYCLIC AROMATIC HYDROCARBONS (PAH)

1. Deseripiion

Polycyclic (or polynuclear) aromatic hydrocarbons
{PAH) arc a large group of organic compounds with two
or more benzene rings. About 500 such compounds
{incleding derivatives) have been detected in air. The
best-known and most-measured of these is
benzo[a]pyrene (BaP). The relative occurrence of
individual compounds (the PAH profile) varies
according to the source of the PAH.

2, Occrrrence in Air

BaP concentrations in most cities are in the range
1-5 ng m). (Values of the order of 100 ng m~ were
recorded in the 1960s when the use of open coal fires for
domestic heating was more common). BaP
concentrations of 40 ng m™~ have been found in areas
close to coke oven plants, and occupational exposures
can be in the range of 10-40 pg m™ (eg in aluminium
smelting and coke production plants).

3. Major Sources

PAH are formed mainly as a result of pyrolytic (thermal
degradation) processes, especially the incomplete
combustion of organic matter. Major sources include
motor vehicles and coke production, coal-fired heating,
to i lesser extent, oil-fired heating and coal-fired power
generation. {The contribution from coal-fired heating
hias decreased substantially as a result of smoke controls,
especially in urban arcas).

4. Atmospheric Behaviour

PAH are present in the atmosphere in gaseous form as
well as adsorbed onto particulate matter. Smaller-
molecule PAH tend to be predominantly in the gas phase,
while larger-molecule PAH are more commonly bound
to particulate matter. PAH are removed from the
atmosphere by transformation (photochemical and
thermal reactions involving OH radicals, 0y, Os, and
oxides of nitrogen and sulphur) and by wet and dry
deposition.

Quality of Urban Air Review Group

3. Human Heolth Effects

There is some evidence thal, in the past. people working
as chimney sweeps and tar workers suffered from skin
cancers caused by substantial dermal exposure to PAH.
There is also evidence of an association between lung
cancer and exposure to PAH in coke-oven workers, coal-
gas workers and employees in aluminium production
plants.

BaP is thought to be one of the most carcinogenic PAH.
High levels of lung cancer have been observed in coke
oven workers exposed 1o a BaP concentration of about
0 pgm.

{ Ambient levels in major urban areas are typacally in the
range 1-10 ng m),

There are no known toxic effects other than
Cancinogenicity.

&, Cifver Environmental Effects

Laboratory tests involving exposure by skin painting,
injection and inhalation have shown that PAH are toxic
to animals, particularly small mammals.
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Annex G: Units and Convession Factors

Units and Conversion Factors

In this report, the preferred unit for expressing
concentrations of gases is parts per billion (ppb), or in
some cases, pans per million (ppm). Oceasionally, data
have been given in microgrammes per cubic metre
(g m) or milligrams per cubic metre (img m ) where
those data were originally published in that form.

The expression of air pollutant concentrations in morne
than one unit of measurement can cause confusion For
those not professionally involved in the field. There are
two main systems of unil in Common use,

(i) Mass per unit volume: usually in pug m, The mass of
pollutants is expressed as a ratio to the volume of air.
Since the volume of a given parcel of air is dependent
upon the temperature and pressure at the time of
sampling, the pollutant concentration expressed in
these units is dependent also, and strictly speaking,
the conditions at the time of sampling should be
specified.

(ii)Volume mixing ratio; usually in ppm - pars per
million (10%), ppb - parts per billion (10°) or ppt -
parts per trillion (10'%). This unit expresses the
concentration of a pollutant as a ratio of its volume if
segregated pure, to the volume of the polluted air in
which it is contained. Ideal gas behaviour is assumed
and thus the concentration 15 not dependent upon
temperature and pressure as these affect both the
pollutant and the air to the same extent. As a
consequence of the ideal gas laws, a gas present at a
volume mixing ratios of 1 ppm is not only 1 em? per
10° ¢m?® of polluted air, it is also 1 molecule per 10°
molecules and has a partial pressure of one millionth
of the atmospheric pressure,

Some pollutants (eg sulphate, nitrate) are present as
particles in the air and the concept of a volume mixing
ratio of gases is obviously not applicable. Their
concentrations are normally only expressed in pg m.

Interconversion of the two sets of units can be achieved
as follows:

Quality of Livban Air Review Group

g m = ppb x molecular weight
molar volume (litres)
in T _ 1013
maolar volume = 22,41 = litres
3P

in which T = absolute temperature (K)
P = atmospheric pressure (mhb)

Similarly,

ppb = pg w7 x molar volume (litres)

molecular weight

As mentioned above, mixing volume ratios (ppb. etc)
are invariant with temperature and pressure,
whilst pg m~ concentrations change with temperature
and pressure. The magnitude of this change can be
gauged from the variability of the molar volume (above).
Generally, the molar volume is affected to the greatest
degree by changes in temperature; a variation from 0°C
to 27°C causes a change of 10% in molar volume, and
thus the pg m™ concentrations. A rather extreme change
in atmospherie pressure from 950 millibars 1o 1020
millibars gives a 7% change. Thus emors due to these
factors can be significant. but are nol massive.

For convenience, some commaonly used factors are sel
out below. An atmospheric pressure of 1013mb has been
assumed. The principal factors to consider are
temperature and molecular weight.

Conversion Factors (ug m? — ppb)

Maolecular
Podlutant weight 1 20°C 25°C
co 28 0.800 0.859 0.873
NO, 45 0487 0523 0532
0, 48 0467 0500 0509
S0, 64 0.350 0.376 0.a82
C.H, 78 0.287 0308 0313
Conversion Factors (ppb — ig m7) =

Maolecular
Pollutant weight (1 200 25°C
co 28 1.250 1.165 1.145
NO, 46 2.054 1.913 1.881
o, 48 2141 2000 1.965
=0, Gl 2.857 2.704 2.617
CH, 78 3482 3244 3190
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