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Roy M. Harrison 

A fresh look at air 

Urban air quality makes headline news, and a recent 

Royal Commission report has stepped up the campaign 

against pollution from road vehicles. Better 

detection methods and monitoring mean that we are 

learning more about the air that we breathe. 

In the 1950s and 1960s the problems of 
urban air pollution in the UK were 
obvious. The reduced visibility in winter 
smogs could be severe and in one episode 
alone, in December 1952, 4000 excess 
deaths were attributed to the combination 
of cold stagnant weather and high levels of 
smoke and S02• The Clean Air Acts of 
1956 and 1968, together with a switch to 
gas for domestic heating, have 
transformed the situation by causing a 
great reduction in emissions of S02 and 
smoke within urban areas. Indeed, S02 
concentrations in most UK towns and 
cities are now almost indistinguishable 
from those in the surrounding countryside, 
and the main source of black smoke in 

London is diesel fuel rather than coal.1•2 

Because the policies for controlling 
urban smoke and S02 were so successful 
there was a tendency during the 1970s and 
1980s to believe that urban air pollution 
problems had been banished. However, 
this view ignored the massive growth in 
road traffic and, despite considerable 
improvements in emissions per vehicle 
kilometre, total emissions from motor 
vehicles have now begun to dominate the 
urban air pollution scene for many pollu
tants. Together with concerns that some 
respiratory diseases may be linked with air 
pollution, this has led to a recent resur
gence of interest in urban air quality. This 
is manifest in both an increased range of 

Table 1. A summary of national air quality monitoring networks in urban areas. 

Network 

EC Directive 

Enhanced Urban 

Hydrocarbon 

Temps 

Others 
(long-term, 
urban etc) 

Pollutants 

nitrogen dioxide 

sulphur dioxide 

sulphur dioxide/smoke 

lead 

nitrogen dioxide 

sulphur dioxide 

carbon monoxide 

ozone 

PM10 particles 

benzene 
1,3-butadiene 

other HCs 

PAHs 
PCBs 
dioxins/furans 

nitrogen dioxide 
nitrogen dioxide 
sulphur dioxide 
sulphur dioxide/smoke 
carbon monoxide 
ozone 
lead 
metals (urban) 
sulphate 
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Type of monitor Number of sites 

chemiluminescence 7 
UV fluorescence 3 

bubbler/filter 163 

filter 11 

chemiluminescence 13 

UV fluorescence 13 

IR absorption 13 

UV photometric 13 

TEOM 13 

gas chromatography 7 
gas chromatography 7 
gas chromatography 7 

filter/polyurethane adsorbent 4 

filter/polyurethane adsorbent 4 

filter/polyurethane adsorbent 4 

chemiluminescence 2 

diffusion tube 1100 
UV fluorescence 3 

bubbler/filter 241 

IR absorption 6 

UV photometric 2 

filter 7 
filter 5 
filter 

AIVC 11585 

pollutants monitored, and a greater num
ber of monitoring sites for many pollu
tants. Additionally, research into urban air 
quality has expanded, and we are on the 
point of seeing a considerably greater 
investment in research into the health 
effects of air pollutants than has occurred 
for many years. The government has 
established a number of expert committees 
to provide specialist advice on the scientif
ic issues. The content of this article is 
drawn largely from the work of the 
Quality of Urban Air Review Group 
(Quarg), of which I am chairman. Quarg 
advises the secretary of state for environ
ment on urban air quality issues, including 
the prediction of future trends.1•2 

Urban monitoring network 
The main reasons for monitoring air pollu
tion are to comply with EC directives, to 
provide public information, and to mea
sure the effectiveness of emission control 
policies. National networks are funded by 
the Department of Environment and oper
ated by several organisations on the basis 
of competitive tendering. In recent years, 
the management function of some net
works has been separated from the quality 
assurance function, with different organi
sations in each role. Some air quality mon
itoring is also funded and operated by 
local authorities. In future, this activity is 
to be integrated into national networks 
where possible. 

A summary of urban monitoring activity 
is given in Table 1. EC directives require 
the monitoring of N02- by chemilumines
cence analysis-and of smoke and S02. 
For the latter, UK networks use predomi
nantly the old manual samplers, as speci
fied in the directive; these estimate smoke 
from the blackening of the filter paper and 
estimate S02, as acidity or sulphate, after 
collection in hydrogen peroxide solution. 
To provide additional information on S02, 
the manual sampler network has been aug
mented with three continuous fast 
response UV fluorescence instruments 
sited at locations at risk of breaching the 
directive. EC directives also require lead 
monitoring by collection on a filter, and 
analysis by a technique such as atomic 
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Abbreviations 
EUN 
H 
Tamps 
N02D 
S02D 

Enhanced urban network I 
Hydrocarbons network (EUN II) 
Toxic organic micropollutants 
N02 directive 
S02 co-located with directive sites 

Key 
1 Belfast; city centre EUN,H 
2 Birmingham EUN (2 sites), H 
3 Cardiff EUN, H, Tamps 
4 Edinburgh EUN, H 
5 London; Bloomsbury EUN, H 
6 Newcastle EUN 
7 Bristol EUN 
8 Leeds EUN 
9 Liverpool EUN 
10 Leicester EUN 
11 Kingston-upon-Hull EUN 
12 Southampton EUN 
13 Billingham N02D 
14 London; Bridge Place N02D 
15 Glasgow N02D 
16 Manchester N02D, Tamps 
17 Sheffield N02D 
18 Walsall N02D 
19 London; Earls Court NOp 
20 London; Cromwell Rd 
21 Stevenage Tamps 
22 Belfast; East S02D 
23 Barnsley S02D 
24 Rugeley S02D 
25 London; Greenwich H 
26 Central London; 

Marsham Street Tamps 
27 Middlesbrough H 

1 

Fig 1. The locations of the national network of automated urban air quality monitoring sites. (Other monitoring is carried out 
by local authorities and industry.) 

absorption, and ozone monitoring by UV 
photometry. Box 1 gives further details of 
these monitoring techniques.3.4 

The most recent and exciting develop
ment in UK air quality monitoring is the 
Enhanced Urban Network (EUN); the first 
station opened in January 1992. The first 
phase of the network involves continuous 
automated stations measuring the concen
trations of NO, N02, S02, CO, ozone and 
PM10 (particulate matter with an aerody
namic diameter of less than 10 µm). The 
second phase has involved setting up sites 
to measure the concentration of 26 indi
vidual hydrocarbons by using automated 
cyclic gas chromatography. Compounds 
such as benzene and 1,3-butadiene are of 
particular interest because of their carcino
genicity. Benzene was the subject of the 
first report of the Expert Panel on Air 
Quality Standards,5 which recommended 
an upper limit to concentrations of 5 parts 
per billion (ppb) as a rolling annual aver
age, with a target of 1 ppb. At the time of 
writing this article, the panel was still 
awaiting a government response to this 
recommendation. Data from EUN stations 
are polled hourly by telemetry and used to 
provide information on air quality for the 
general public. 

Another recently developed network, 
:1ough smaller in scope, is the Toxic 
)rganic Micropollutants (Tomps) network, 
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which measures both particle-associated 
and vapour phase polynuclear aromatic 
hydrocarbons, polychlorinated biphenyls, 
dibenzodioxins and dibenzofurans.1 These 
sites are valuable in providing baseline 
data on urban concentrations of these pol
lutants as well as indicating temporal 
trends. It is only for the polynuclear aro
matic hydrocarbons that we have fairly 
good historic data-concentrations in air 
going back to the early 1960s. Many of 
these compounds are showing a substan
tial decline in concentrations associated 
with the virtual elimination of coal burn
ing in London.6 Figure 1 shows the loca
tions of automated sites in the major net
works. There is also a rural network of sta
tions measuring ozone, a few of which 
also measure oxides of nitrogen.7 

Urban air chemistry 
The availability of high quality data on a 
range of air pollutants is leading to ques
tions about the chemical reactions that 
influence their concentrations. For exam
ple, much interest has focused on N02 as a 
pollutant. There ·are suggestions, as yet 
largely unsubstantiated, that N02 might be 
associated with the increased prevalence 
of asthma and may also predispose chil
dren to respiratory infective agents.8 
Paradoxically, however, while urban emis
sions of all nitrogen oxides (NO,) have 

been increasing appreciably, central urban 
average concentrations of N02 have 
changed little over the past 20 years, 
although extremely high concentrations of 
N02 can arise in conditions of stagnant air 
during winter. Recently, our understanding 
of these phenomena has advanced appre
ciably; Fig 2 and Box 2 describe the basic 
chemical reactions in the nitrogen oxide
oxygen-ozone system. Nitrogen oxide 
emissions from most combustion sources 
are predominantly NO-motor vehicles 
produce about 95 per cent NO, the remain
der being NOz. Figure 2 shows the re
lationships of hourly average concentra
tions of N02 as a function of simultaneous 
hourly average concentrations of NO, (ie 
the sum of NO+ N02) at a site in London.9 
The graph indicates that at very low con
centrations N02 increases with NO,, level
ling off at around 30-50 ppb. This plateau 
is believed to be the oxidant-limited region 
in which the production of N02 is con
trolled by the availability of ozone (Box 2, . 
reaction a). Normally, urban atmospheres 
are within this region and, despite increas
es in the annual average NO, level, there 
have been imperceptible changes in the 
annual average N02 level at most sites. 
However, from the viewpoint of possible 
human health effects, N02 concentrations 
above 100 ppb are probably most signifi
cant; in this region the curve becomes 
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much steeper because of the oxidation of 
NO by molecular oxygen (Box 2, reaction 
d). This reaction was long thought to be 
too slow to play a role in urban air, but it 
appears that if nitric oxide concentrations 
exceed about 500 ppb with a residence 
time of air within the urban area of several 
hours, It can play a significant role in 
generating further N02. There is evi
dence in the literature for surface catalysis 
of this process, and our own analyses of 
atmospheric measurements at Binning
ham University suggest that it is neces
sary to invoke catalytic enhancement to 
explain the observed rate of N02 pro
duction. 

Much of our current understanding of 
ground-level ozone pollution derives from 
work based in Southern California. In Los 
Angeles, the trapping of primary pollu
tants by meteorological and topographic 
influences, combined with high sunlight 
intensities, allows a build-up of ozone at 
ground level on a horizontal scale of tens 
of kilometres. It is tempting to think that 
photochemical ozone episodes are an 
urban phenomenon. On the contrary, in 
Western Europe they tend to be a regional 
phenomenon, expanding over hundreds or 
thousands of kilometres simultaneously, 
and urban areas tend to show lower ozone 
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Fig 2. The relationship between hourly mean N02 and NOx concentrations at 
Exhibition Road, London. 

concentrations than the surrounding rural 
areas. Figure 3 shows that rural sites such 
as Lullington Heath on the south coast and 
Aston Hill on the Welsh border have the 
highest average ozone concentrations, and 
central London sites the lowest.1 This is 
because fresh nitric oxide emissions from 

1. Air quality monitoring techniques 

combustion sources-mainly motor vehi
cles- destroy ozone, as shown in reaction 
a. The elevated concentrations of nitrogen 
oxides and reactive hydrocarbons caused 
by fresh pollutant injections in large urban 
areas can significantly enhance ozone con
centrations in the downwind urban plume 
(Box 2). In London, the effect is observed 
about 80 km downwind, often in the vicin
ity of the Harwell Laboratory, because 
photochemical ozone episodes are most 
common during periods of anticyclonic 
weather and easterly winds.10 

Paradoxically, the urban area is contribut
ing both to ozone destruction on the local 
scale and to ozone formation on the larger 
regional scale. 
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A variety of physical and chemical 
techniques are used for monitoring air 
pollutant concentrations. The automatic 
networks use continuous gas analysers, 
typically capable of measuring concen
trations down to 1 ppb by volume with 
a response time of seconds. The parti
cle analysers are also continuous, but 
involve a minimum averaging period of 
15 min. 
• N02 is monitored by thermal decom
position to NO, which is then mixed 
with ozone generated within the instru
ment. A photomultiplier tube detects 
light emitted in the chemiluminescent 
reaction. 
• S02 is monitored by gas phase fluo
rescence using an excitation wave
length of 216 nm, and measuring fluo
rescence in the 240-420 nm range. To 
limit humidity-dependent quenching 
phenomena, a diffusion dryer removes 
water vapour from the air stream enter
ing the instrument. 
• CO is measured by IR absorption at 
4.6 µm with instruments designed to 
overcome interference due to varying 
C02 levels. 
• Ozone is measured by UV absorption 
at 254 nm; to avoid interference from 
other species absorbing at this wave
length, the instrument cycles between 
measuring the absorbance of ambient 
air and that of air from which ozone 
has been catalytically removed. 
• Hydrocarbons are measured by cryo
genic preconcentration and subsequent 
gas chromatography with flame ionisa
tion detection using an automated 
cycling system. 

PM10 particulate matter is drawn 
through a size selective inlet onto a fil
ter, which is attached to a tapered 
element oscillating microbalance. 
Accumulation of particle mass on the 
filter alters the vibrational frequency of 
the quartz crystal microbalance. The 
compounds measured by the Tamps 
network are termed semi-volatile 
because of their distribution between 
the vapour phase and adsorption on 
particles. A filter is used to collect the 
particle-associated material, and a 
polyurethane foam plug is then used to 
absorb any vapour phase material. 
After extraction and clean-up,

, 
the 

polynuclear aromatic hydrocarbons are 
determined by HPLC; polychlorinated 
biphenyls by gas chromatography with 
electron capture detection; and poly
chlorinated dibenzo-p-dioxins and 
dibenzofurans by gas chromatography 
linked to high resolution mass spec
trometry. 

Less sophisticated techniques are 
also used: smoke is determined by esti
mating the darkening of the surface of 
the filter paper by light reflectance and 
S02 by collection in H202 solution, 
with subsequent acid-base titration of 
H2S04 or determination of S� by ion 
chromatography. N02 is also collected 
with diffusion tubes, small acrylic 
tubes, closed and containing tri
ethanolamine at one end and open at 
the other end. N02 from ambient air 
enters at the open end and diffuses 
along the length of the tube to be col
lected by the triethanolamine; it is sub
sequently determined as nitrite. 

Recently, the focus of research into the 
effects of pollution on health has turned to 
particulate matter. A number of US studies 
have shown that elevated concentrations 
of airborne particles are associated with 
increased mortality from all causes. One 
of the most recent of these was the 
Harvard Six-City Study11 which showed a 
monotonic increase in mortality rates, after 
correction for smoking and other poten
tially confounding variables, with airborne 
particle loading. Death rates in 
Steubenville, Ohio, were 26 per cent 
greater than those in Portage, Wisconsin -
the PM10 concentrations being 46.5 and 
18.2 µg m-3 respectively. Four other cities 
included in the study had intermediate 
PM10 concentrations and mortality rates. 
The statistical link between airborne parti
cle loading and mortality has yet to be 
explained in biological terms and will be a 
rich area for research. It is reassuring that 
the first phase of EUN provides measure
ments of PM10 in our city centres, and 
these concentrations in international terms 
are very modest; the average is generally 
about 30 µg m-3• 

Airborne particles are very complex in 
chemical terms. Figure 4 gives a break
down of the major constituents, although 
several of these contain many minor com
ponents; the fine particle fraction is of 
greatest health significance. Figure 4 
includes primary particles, ie those emitted 
directly into the atmosphere such as insol-
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tible materials and carbonaceous matter, 
and a major component of secondary parti
cles, ie those formed in the atmosphere 
'rom chemical conversion of gases such as 
:02 and nitrogen oxides to solid products, 

,11ostly ammonium sulphate and am
n1onium nitrate. The chemical complexity 
of this particulate material and the fact that 
composition will vary significantly both 
spatially and temporally, make it particu
larly difficult to understand why fine parti
cle concentrations and death rates in dif
ferent areas and at different times correlate 
so consistently. 

··uture trends 
In predicting future air quality trends we 
need to make a number of projections 
about industrial activity, traffic growth and 
the stringency of pollution control mea
sures. In its first report, Quarg examined 
future

' 
trends,1 particularly in road traffic 

emissions of various poIJutants as these 
play such a major role in urban areas. In 
:le third report we will look in more detail 
t the likely future trends in urban air qual

ity. One factor that came through extreme
ly clearly in our projections to the year 
2010 was that three-way catalytic convert
ers-mandatory on all new cars since 
January 1993-will significantly reduce 
road traffic emissions of NO,, CO and 
hydrocarbons over the next 20 years, but 
emissions may start to grow again as a 
-,�suit of increasing road traffic. However, 
_.i the second report2 we looked specifical
ly at the impact of diesel engine vehicles 
on urban air quality. The projections in the 
first report did not take account of the 
massive recent increase in the market pen
etration of diesel cars. If this trend of 
increased diesel sales continues it will 
have a significant beneficial effect on CO 
concentrations, a very modest but benefi-

'al effect on hydrocarbons, but deleteri
JS effects on oxides of nitrogen, and a 

major impact on road transport emissions 
of particulate matter for which diesel is by 

Fig 3. The average diurnal variation of 
hourly mean ozone concentrations 
(1 May to 31 July 1992) at five sites. 
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Carbonaceous 
matter 

(smoke emissions) 

er 
(sea salt, HCI from coal) 

4 

NH� 
(natural NH3 emissions) 

N03 
(NOx emissions) 

Fig 4. The composition of atmospheric particles collected in Leeds (1982-83). The 
shaded portions of each segment indicate the proportions of fine particles 
(< 2.5 µm diameter); the remainder are coarse particles (2.5-15 µm). 

far the major source. Emissions of particu· 
late matter per vehicle are set to decrease 
because of tighter emission standards on 
diesel cars, due to be implemented in 
1996, and the increasing uptake of unlead
ed petrol, which gives lower particulate 
emissions from petrol cars. Our projec
tions of road transport particulate emis
sions indicate that if diesel vehicles were 
to maintain a constant 16 per cent share of 
the new car market, total particulate emis
sion would decrease significantly over the 
years to a level in 2005 that is ca 50 per 
cent of the 1991 emissions. If, however, 
diesels were to comprise 49 per cent of the 
car fleet, particulate emissions will 
increase significantly to the year 2000 and 
then decrease by 2005 to a level very simi
lar to that in 1991.2 Because these diesel 
particles probably comprise the largest 
single source of primary particle emissions 
in urban areas, the current increase in sales 
of diesel cars threatens to wipe out the 
benefits of tightening emission control 
standards in relation to particulate matter. 
Also, it is clear from Fig 3 that abolish
ing episodes of high N02 concentrations 
will require a substantial decrease in NO, 
emissions, which will take longer, if the 
number of diesel vehicles continues to 
rise. 

A further implication of the ozone-NO, 
chemistry discussed above is that a 
decrease in nitrogen oxide emissions 
(mainly NO) is liable to cause an increase 
in urban ozone concentrations because of a 
reduced impact of reaction a and a higher 
NOJNO ratio. We have yet to predict the 
magnitude of this effect quantitatively. 
Rural ozone concentrations are likely to 
decline, but the magnitude is difficult to 
predict as the ozone concentration is not 
linearly related to the emissions of precur
sor gases. 

The recently published government dis
cussion paper Improving air quality12 sug
gests policies for future management of air 
quality. The widespread availability of 
urban air quality data, combined with a 
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2. Urban nitrogen oxide, 
oxygen and ozone 
chemistry 

Most emissions comprise NO, which is 
susceptible to rapid oxidation by 03: 

NO+ 03--+ N02 + 02 (a) 

In daylight, N02 may be photolysed to 
give triplet state atomic oxygen 0(3P), 
which reacts with molecular oxygen to 
form ozone: 

N02 + hu (/1. < 435 nm) 
--+NO+ 0(3P) (b) 

0(3P) + 02--+ 03 ( c) 

The equilibrium condition between 
N02 formation (reaction a) and 
photolysis (reaction b) is termed the 
photostationary state. This occurs when 
the rates of the two reactions are equal 
and hence: 

Jb[N02] 
[03) 

= k,[NO] 

where lb is the light dependent N02 
photolysis rate constant and k., the rate 
constant for reaction a. Measurements 
in the atmosphere indicate that the 
stationary state is widely achieved. 
Deviations arise when other reactions 
of com parable rate intervene. The most 
important are reactions involving per
oxy radicals, which convert NO to N02 
without consuming ozone. Peroxy radi
cals are most abundant during periods 
of bright sunshine, generating high 
NOJNO ratios and allowing high con
centrations of ozone to develop. Thus 
'plumes' downwind of urban areas can 
be substantially enriched in ozone. 

The alternative route for oxidation 
of NO is the reaction with molecular 
oxygen. 

2NO + Or-+ 2N02 (d) 
This reaction is second order in NO and 
of insignificant rate until atmospheric 
concentrations exceed 500 ppb. 
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More Light 
Scattering 

Particle Size and Molecular 

Weight Analysis 

With Brookhaven BI-200SM light 
scattering systems, you can make both 
static and dynamic measurements. That 
means not only particle sizes - from a 

few nanometres upwards - but absolute 
molecular weights, too. You can 
analyse natural or synthetic polymers, 
micelles, microemulsions and a whole 
range of colloidal systems. 

The ideal partner for the BI-200SM is 
Brookhaven's advanced BI-9000AT 

Correlator. With up to 522 channels in 
linear or ratio spacing, delay times from 
25ns to 1310s and 100% efficient 
operation over the entire range, it's 
simply the best correlato.r you can buy. 

For fast and simple submicron 

particle sizing by the dynamic light 
scattering (PCS) method, choose the 
BI-90. This fully automated instrument 
gives you particle size distributions in 
minutes with excellent repeatability. 
Ideal for development or quality control 
of latexes, emulsions, liposomes etc 

BROOKHAVEN INSTRUMENTS 

LIMITED 

CHAPEL HOUSE . STOCK WOOD 

WORCESTERSHIRE . B96 6ST . UK 

Tel (0386) 792727 Fax (0386) 792720 
Circle 028 for further information 
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participate in the general assembly as 
observers. For the small fee of US $ 50 
they have the opportunity to gain some 
acquaintance with the union before 
becoming full members. In addition, about 
30 other international associations are 
associated with the union; these are active 
in science, technology and engineering. 
About 1500 experts from government, 
industry and academe are engaged in the 
Union's committees and commissions. 
IUP AC has a worldwide membership pro
gramme operating in 75 countries. Almost 
7000 chemists have registered as affiliates, 
including about 600 chemists from Third 
World countries. 

IUP AC is responsible for regulating, 
standardising and codifying the inter
national language of chemistry. Over 160 
chemical companies from 25 countries 
participate in the IUP AC Company As
sociate Scheme, which was introduced in 
1977 to improve collaboration between the 
chemical industry and the union. The 
union also works closely with international 
organisations, resulting in ventures such as 
the joint IUPAC-Unesco -Unido training 
programme, which allows safety experts 
from developing countries to learn about 
safety and environmental protective mea
sures by visiting plants of IUP AC 
Company Associates in the industrialised 
world. 

Every year IUP AC organises dozens of 
conferences, symposia and other events all 
over the world. Among these are the bien-
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growing clutch of air quality standards, 
will generate pressure for improvements in 
air quality which will require further reduc
tions in emissions. The paper envisages 
empowering local authorities, singly 
or in combination, to designate air quality 

management areas for which an air quality 
management strategy would be devised. A 
comprehensive, scientific strategy will 
require the construction of pollutant emis
sions inventories broken down on a fine 
spatial scale. Together with topographic 
and meteorological data this will be in
put to numerical dispersion models, 
which will allow us to calculate ground
level pollutant concentrations for a grid of 
receptor points. Such air quality manage
ment models will allow us to assess the 
impact on air quality of source reductions, 
new roads, pedestrianisation schemes or 
other emissions changes, before the 
schemes are impkmented. Currently, a 
detailed emission inventory is available 
only for London, although work is in 
hand for an inventory of the West 
Midlands conurbation. 

Acknowledgements: I am grateful to the 
Department of Environment, which pro
vides funding support for the Urban Air 
Quality Research Group at the University 
of Birmingham, and to my colleagues in 
Quarg who also contributed to work 
described in this article. 

nial congresses and general assemblies, 
as well as conferences launched under the 
Chemical Research Applied to World 
Needs programme. In the latter confer
ences, the union identifies important glo
bal or multinational problems to which 
chemistry can contribute significantly. 

Recently the union has launched a 
series of collective monographs under the 
general heading Chemistry for the 21st 
century. Among the recent titles are the 
Chemistry of advanced materials, Chem
istry of oxide superconductors, Perspec
tives in catalysis, and Medicinal chemist1y 
for the 21st century. 

Given the rapid advances that are cur
rently affecting chemistry, IUPAC faces a 
number of challenges. But we can be con
fident that the collaborations of chemists 
under IUPAC's umbrella will come up 
with appropriate answers. In doing so, 
chemistry will, among other things, deliver 
its input to some of the more burning 
questions that society has today. 

Professor Albert E. Fischli is. vice-presi
dent and president-elect pf. IUPAC, and 
can be contacted al F. Hoffman-La Roche, 
Pharma Research, Grenzacherstrasse 124, 
CH-4002, Basel, Switzerland. (E-mail: 
IUPA C%joker. bas. roche. com, gatekeeper. 
roche.com) 

Further reading 

1. R. Fennell, History of IUPAC. Oxford: 
Blackwell Scientific, 1994. 

Roy Harrison is the chairman of Quarg, 
and director of the Institute of Public and 
Environmental Health, school of chem
istry, University of Birmingham, 
Edgbaston, Birmingham, B15 21T. 
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