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ROYAL COMMISSION
ON

ENVIRONMENTAL POLLUTION

NINTH REPORT

To the Queen's Most Excellent Maiesty

MRv Ir PLEASE Youn MnrrsrY

We, the undersigned Commissioners, having been appointed."to advise on

matteis, both natlonal and international, concerning the pollution of the

environment; on the adequacy of research in this field; and the future pos-

sibilities of danger to the environment";

And to enquire into any such matters referred to us by one of Your Majesty's

Secretaries of State or by one of Your Majesty's Ministers, oI ?ty other such

matters on which we ouiselves shall deem it expedient to advise:

HUMBLY SUBMIT TO YOUR MRTESTY THE FOLLOWING REPORT'
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"It is one thing to show a man he is in error and another to put him in possession
of the truth."

John Locke 1632-1704
An Essay concerning Human Understanding (1690)

"Practical wisdom is deliberation about things which it is within our power to
change."

Aristotle 384-322
Nicomachean Ethics
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CHAPTER I

INTRODUCTION

The choice of study
1 .1 . In September 1981 , having completed the last in a series of reports on

specific aspects of environmental pollution, we decided that it would be timely
to look across the whole field of environmental pollution and to study both
general and specific issues; the last time this had been done was in the Fourth
Report of the Royal Commission, published in 1974 ('). As a first step we
invited a wide range of organisations and individuals to give us their views on
the types of pollution which they perceived to pose the greatest threat to the
environment and to comment on our own provisional choice of topics for study.
Among those topics was the problem of environmental contamination by
heavy metals and their possible effects on healih, and from the responses to our
invitation it was clear that the specific problem of lead was an issue of major
and continuing concern to the public and the scientific community.

I.2. It has been recognised for several centuries that lead is a poison and
there is a long history of human exposure to lead in food and drink, for example
in ancient Rome ('), in amounts which must have caused many cases of frank*
lead poisoning. Over the last century many cases of lead poisoning at work have
been documented (3). Frank lead poisoning is rare today and is usually associ-
ated with exposure to specific localised sources. In recent years, however, there
has been growing concern that lead in the body resulting from general
environmental exposure may be harmful at concentrations which fall short of
those at which clinical signs and symptoms appear. Particular attention has
been paid to the possible effects on the intelligence and behaviour of young
children.

1.3. Our original plan was to deal with this as only one of several issues in a
wider report. As our investigations proceeded, however, we came to the
conclusion that it would be in the public interest for us to complete and publish
separately the results of our study of lead as soon as possible and to deal with
them in a greater degree of detail than we had earlier envisaged. Compared
with lead the other issues which we have been studying, although important
and in some cases urgent, do not at present give rise to nearly the same degree
of public anxiety and debate. We therefore propose to report on them in our
Tenth Report, which we plan to complete later this year.

Dispersion of lead through human activity
I.4. Lead is present in large quantities in the earth's crust; from there some

of it reaches the soil, the air and living organisms through natural processes.

*See footnote to paragraph 5.4 for a definition of'frank' and other terms used to descriLre lead
porsonrng.



Chapter I
But this natural distribution is insignificant when compared with the distribu-
tion which results from man's activities.

1.5. Man has used lead for thousands of years. Its ore is plentiful, accessible

and simple to smelt. The metal is heavy, pliable and very resistant to corrosion
and weathering. It is easily melted down and re-used. These properties account
for its widespread traditional uses-for instance in building, plumbing (to
which it gives its name), printing, shooting and fishing-many of which con-

tinue todiy. Even where substitutes are now preferred or required, artefacts
from earlier times survive and are still in widespread use. Since the industrial
revolution, other properties and uses of lead have been discovered and widely
exploited. In its metallic form lead is uniquely suitable for use in heavy

electrical insulation, radiation shielding and battery manufacture. Various
compounds of lead are used in paints, plastics, ceramics' glass and petrol.

1.6. The cumulative effect of centuries of use is that lead is now one of the
most widely dispersed of environmental pollutants. Moreover, so far as is
known, there is no innocuous form into which it can be converted in the
environment. Once in the environment lead and its compounds do not move
readily through natural pathways to remoter locations such as the ocean bed,
and they have a long environmental residence time compared with other
pollutants, particularly in the soil (Table 1.1). Thus not only is there wide-
ipread human exposure to lead today but future generations.too will be

exposed to the lead which is already in the environment and is being added to
all the time.

TABLE T.1

Environmental residence times for various pollutants*

Pollutant Situation Time Percentage Reference
tema,ntnS

Carbon monoxide

2,4, 5:T (herbicide)
MCPA (herbicide)
DDT (pesticide)
Parathion (pesticide)
oit
Radioactive iodine ('31I)

Radioactive strontium (eoSr)

Cadmium

Lead

lm column of air in
contact with soil
Soil
Soil
Soil
Soil
Sea water

Upper layers of
moorland soil
Upper layers of
moorland soil

30 minutes

Several weeks

Several days
4 months
20 days

4-5 weeks
8 days

28 years
6-20 years

70-200 years

s0% (4)

50o/o (5)
50o/o (5)
74o/o (6)
5oVo (7)
70o/o (8)
50vo (9)
50Vo (9)
90vo (10)

e0% (10)

*The fall in concentration can be caused by various processes including microbial and chemical
modification and leaching.
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1.7. Besides lead there are other heavy metals in the environment which are
potentially hazardous, notably mercury and cadmium. Poisoning by cadmium
or mercury is extremely rare in the UK, but it is generally agreed that the
release of both metals to land or sea (for example from sewage sludge) needs to
be controlled because of the possible risks to health. There is similar concern
about possible health effects of cadmium in phosphate fertilisers and in land
contaminated by mineral workings. Policies for control of these heavy metals
and priorities for research are now well established (1r' "). What makes lead
different from other heavy metals is the very much greater scale on which it is
used (Table 1.2), dispersed and accumulated. This factor, when coupled with
its known and postulaled effects on health in amounts which may be encoun-
tered in the environment and found in the human body, makes lead unique
amongst environmental pollutants.

TABLE I,2

Annual use of cadmium, lead and mercury in the UK

Cadmium
Lead
Mercury

Sources: rReference ("); 'Lead Development Association; 3Reference (") (Mean of range of
figures for several years).

Physical and chemical properties of lead

L.8. Lead is present in the environment in a wide range of physical and
chemical forms which strongly influence its behaviour and its effects on life. For
example, particle size is the principal influence on the distance which airborne
lead is carried at any given wind speed before deposition, and is a key factor in
determining the extent to which inhaled lead is taken up by the lung. Solubility
is particularly important when considering the behaviour of lead in water.

1.9. Most lead in the environment is in the form of inorganic salts or oxides;
most attention has been paid to inorganic lead and most is known about it. Lead
is added to petrol, however, as organic compounds and, although most of the
lead in petrol engine exhausts has been converted to inorganic compounds,
some organic lead does reach the atmosphere. In this report we refer simply to
'lead' except where a particular chemical form is specified.

Problems of measurement

1.10. During the course of our study we have noted that widely different
values have been reported for the concentration of lead that gives rise to a
particular biological effect. To some extent this is because the physical and
chemical forms of the lead present are not known and measurement of the total
amount of lead present does not necessarily give a measure of the amount
available for a particular reaction or effect. However, there are also difficulties
in sampling and analysis.

1,350 tonnes'
274,000 tonnes?

510 tonnes3



Chemical symbol
Atomic number
Atomic weight
Natural isotopes

Melting point
Boiling point
Density

Simple compounds:
acetate Pb(C,H"O,),
bromide PbBrr
chloride PbCl,
chromate PbCrOn

LEAD

Pb
82
207.19
204, 206, 207, 208, 210
327.5"C
1,740"c
11.34 glcc

PbO, plattnerite
PbO litharge
PbgOr minium (red lead)

solubility in water at 20"C
per 100 ml

44.3g
0.84g
0.99g
5.8pg

insoluble in pure water
0.00179

insoluble in pure water
74pg
0.004g

melting point boiling point
(at normal

atmospheric pressure)
-136.8"C 200'C
- 27.5"C 110"C

phosphate Pb(POa)z
sulphate PbSOr

tetraethyl lead
tetramethyl lead

Common ores:
galena PbS
cerussite PbCOs
anglesite PbSOa
crocoite PbCrOa

Source. Reference (e)

Chapter I

1.1 1. As concern has progressively extended to the possible effects of lead
at ever-decreasing concentrations, there has been a corresponding need to
measure lead at very low concentrations in many kinds of materials. With lead
so widely dispersed throughout the environment there is a real risk that
samples will become contaminated during collection or analysis. Considerable
advances have been made in sampling and analytical methods in recent years
but when considering past data it is not always possible to distinguish the effects
of changes in methods of measurement from actual changes in lead concentra-
tion. It is certain that many published measurements of lead are unreliable, and
comparisons of data from different laboratories must be treated with caution
unless full details are available of the sampling and analytical techniques.

1.12. Even with present day measurements it is important to approach the
data critically. If published data on the measurement of small amounts of lead,
whether in blood, water, dust or other media, do not provide information on
precision, sensitivity and accuracy, it is impossible to assess the reliability of the
figures. We have no doubt that the difficulties (some of which have only
recently been appreciated) of sampling and analysing materials in which lead is
present at very low concentrations have been an important factor behind the
lack of consensus on the effects of lead.
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Previous reviews

1.13. The Fourth Report of the Royal Commission, published (under the
chairmanship of Lord Flowers) in 1974('), recognised that there was already
some public concern about lead and noted the measures which were then in
hand to reduce the lead content of petrol. Without making any specific recom-
mendations, the Report suggested that there was a need for more research into
the effects of low levels of lead from all sources and in particular the extent to
which lead from motor exhausts found its way into the human body. The
evidence suggested that there was no immediate cause for alarm and no need
for emergency action. It should be noted, however, that these comments were
made in the context of proposals by the Commission of the European Com-
munities to reduce the maximum lead content of petrol Lo 0.4 gll in 1976 and,
for regular grade petrol, to 0.15 gll in 1978-a faster rate and a lower overall
level than have actually been achieved. The Royal Commission declared its
intention to keep the situation under review and promised to undertake a study
of the subject if at any time it seemed necessary.

1.14. Since 1974 much more information has become available about the
extent of lead pollution and its biological effects, and improved analytical
techniques now enable lead to be measured at very low concentrations in blood
and other media. During this period successive governments have taken vari-
ous steps to reduce exposure to lead in the environment, including progressive
reductions or planned reductions in the maximum permitted lead content of
petrol and the introduction of .new regulations limiting lead levels in paint.
Measures have also been taken to improve public awareness of the dangers of
lead. These actions are discussed in detail in Chapters VI and VII.

1.15. Many of the more recent actions have been in response to recommen-
dations by the working party chaired by Professor Patrick Lawther, which
reported in 19801ta-te). It was set up in 1978 by the Department of Health and
Social Security to 'review the overall effects on health of environmental lead
from all sources and, in particular, its effects on the health and development of
children and to assess the contribution lead in petrol makes to the body
burden'.

1.16. The Report of the Lawther Working Party concluded that for the
majority of the population food contributed most to the body burden of lead
and that airborne lead (including that derived from petrol) was usually a minor
contributor. It considered that the small proportion of the population whose
blood lead concentration fell into the upper part of the distribution of blood
lead concentration derived their relatively raised blood lead concentration not
from petrol lead but from a miscellany of sources such as lead-containing paint.
special cosmetics and medicines containing lead, or tap water in certain areas.
The Report however advised urgent attention to'hot spots' with a high air lead
concentration. It recommended: the progressive reduction of emissions of lead
into the air from all sources, including the reduction in the lead content of
petrol; the reduction of the lead level in tap water in areas where this was a
problem; controls on the lead content of paints; and measures to reduce
exposure to lead in food, cosmetics and toys. The Report also recommended
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that action should be taken to keep the annual average concentration of lead in
the air to less than 2pglm3 in places where people were liable to be exposed
continuously for long periods.

1.17. The Working Party was unable to come to definite conclusions on the
effects of small amounts of lead on the intelligence, behaviour and perfor-
mance of children. It recommended, however, that where a child was found to
have a blood lead concentration of more than35 p,gldl steps should be taken to
identify the source of lead and to reduce the exposure.

1.18. The conclusions and recommendations of the Report of the Lawther
Working Party have been criticised, for example by the Conservation Soci-
ety(") and more recrently by the Campaign for Lead-free Air (CLEAR), on the
grounds that they understated the effects on health of low lead concentrations
and the importance of lead from petrol, and that they failed to recommend
sufficiently stringent measures for reducing the levels of lead in the environ-
ment. The activities of such groups have served to heighten public awareness of
the issues.

1 .1 9. Since the Report of the Lawther Working Party several other reports
on lead have been published. The US National Academy of Sciences('8) and
the Australian Academy of Science(1e) have reported comprehensively on the
subject. Although some of their conclusions and recommendations relate to
conditions which do not necessarily apply to the UK, both these reports
recommended that exposure of the general population to lead should be
reduced and drew attention to the particular risks to which children were
exposed. Other reviews have dealt with particular aspects, notably the effects
on health at low concentrations('o' ") and the question of lead in petrol(22' 2s).

Scope and nature of this study

1.20. Having decided that lead should be a subject for detailed study, we
invited evidence with particular reference to the following issues:

(i) The sources of environmental lead pollution and pathways to man, in
particular quantitative data having a bearing on the relative significance
of different sources and pathways to the body burden in man.

(ii) Methods of reducing lead in the environment and human uptake.
(iii) Technical and economic implications of different options for further

reducing or eliminating lead from petrol, and their environmental
effects.

(iv) Lead pollution and wildlife.

1.21. For the purposes of our study, we felt it would not be profitable to
attempt to go over again all the ground covered by the Lawther Working Party
by inviting specific contributions on the possible effects on human health of
lead at low concentrations. Nevertheless we have made it our business to
examine carefully the various reports, both general and specialist, which have
been published since the Lawther Working Party reported, and this has formed
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an essential element of our study. Within this area we have not hesitated to
consult medical and scientific experts on particular points where we thought it
appropriate.

L22. In two areas we decided to appoint consultants to assist us in evaluat-
ing evidence of a specialist and technical nature. Professor Alan Cowey of the
Department of Experimental Psychology at Oxford University and Mr Richard
Wheeler of Atlantic Research Associates (and formerly of Ricardo Consulting
Engineers) have greatly helped us in the fields of experimental animal
behaviour and motor vehicle technology respectively by contributing much to
the factual material which we include as background to our conclusions on
these subjects. We wish to record our thanks to Professor Cowey and Mr
Wheeler for their expert contributions to our study.

1.23. We are pleased also to record our gratitude to the very large number
of organisations and individuals who have provided evidence or assisted us in
other ways. We have attempted to give as complete a list of them as possible in
Appendix 2, whilst conscious of the fact that it is not always practicable to
single out individuals where there has been a collective effort or to acknow-
ledge every case where somebody has been helpful to us in supplying a
publication or simply alerting us to an important reference.

1.24. In the chapters which follow we consider in more detail the presence
of lead in the environment and the effect of man's activities on its dispersal, the
various pathways along which lead reaches man and other forms of life, and its
effects on them. We consider the various measures which have been taken to
reduce both the levels of lead in the environment and human exposure to it and
then consider what other measures should be adopted to effect further reduc-
tions. We comment on the adequacy of those measures, and set them in the
context of the economic and technical arguments for the continued use of lead,
particularly lead in petrol. In the final two chapters we present a summary of
our major conclusions and our list of recommendations.

1.25. Despite the claims that have been made by parties with very different
viewpoints, the subject of lead in the environment continues to raise issues of
uncertainty and risk. In the final analysis, a judgement must be made on the
comparative weight of the advantages and disadvantages of the continued use
of lead in any particular application. Our aim has been to clarify and put into
better perspective the range of issues which must collectively form the basis of a
final judgement.



CHAPTER II

LEAD IN THE ENVIRONMENT

Natural and anthropogenic sources

2. 1 . Although lead is released to the earth's surface by natural weathering of
rocks, by igneous activity and (in the form of the isotope '9loPb) from the
radioactive decay of naturally occurring radon gas, nearly all the lead present
today in the air, soil, waters and man's built environment is anthropogenic (the
result of man's activities). Nriagu('z4) has estimated a worldwide annual lead
emission to the air of 24.5 thousand tonnes from natural sources, compared
with 449 thousand tonnes from anthropogenic sources. Table 2.I shows the
same author's compilation of figures for the historical consumption and
anthropogenic emissions.of lead worldwide.

TABLE 2.1

Historical worldwide consumption and anthropogenic emissions of lead to the air

Lead consumption

(thousand tonnes)

Anthropogenic lead
emissions

(thousand tonnes)

Pre -1850
1 850-1 900
1901-1910
1911-1920
1921-1930
1931-r940
1 94 1-1 950
I 95 1-1 960
t96t-1970
1 97 r-1 980

Total

55,000
25,000
10,700
11,200
1,4,200
14,600
14,900
24,000
3 3,000
38,000

247,OOO

2,420
1,100

471
493

1.,120
r 61q
1,672
2,694
3,704
4,265

r.9,s78

Soarce.' Reference (to)

2.2. Since man has been mining and using lead for many thousands of years
(for example, lead artefacts have been dated to 6500 nc), it is difficult to
quantify the natural concentrations of lead in the environment. Some esti-
mates, however, may be made from measurements in areas, such as the deep
ocean and polar ice caps, which are most remote from sources of pollution.
Estimates of natural and present day lead concentrations in the environment
are compared in Table 2.2,from which it can be seen that man's activities have
resulted in increased lead concentrations in nearly all environmental media,
particularly the air. The extent of this increase is greater than previously
believed, for recent work, using ultraclean techniques, has demonstrated that
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TABLE 2,2

Lead concentrations in the USA todav and estimated as natural

Medium
Present day

concentration
Estimated natural

concentration
Ratio of

concentratnns

Air
Rural/remote
Inhabited

Soil
Rural/remote
Inhabited

Water
Fresh
Marine

Food

0.1-100 ng/m3
0.1-10 pgims

5-50 pglg
10-s,000 pglg

0.005-10 pgll
0.005-0.015 pgll

0.01-10 pglg

0.01-0.1 ng/m"
0.1-1.0 ng/m3

5-25 pglg
5-25 p.glg

0.005-10 pgll
0.001 pgll

0.0001-0.1 pglg

10-r,000
100-10,000

1a

2-200

I
10

100

Source.' Reference(18)

most of the estimates of natural lead concentration in the environment made
before the last decade were too high because of contamination during sampling
and analysis(2s). Many studies have shown how lead levels have risen over the
whole of the earth's surface, especially since the start of the industrial revolu-
tion, and how twentieth century man is having a profound effect on the amount
of lead in his environment (Table 2.1; Figures 2.1 and 2.2).
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Figure 2.1
Lead content of annual ice lavers in Greenland

Source: Reference (26)
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Figure 2.2
Lead analysis of a peat profile from Derbyshire

Source.' Reference (2t)

2.3. Man releases lead to the environment during the mining, smelting and
refining of .the metal itself and of other ores in which lead is present. It is also

released during the production, use, recycling and disposal of lead-based
products and the burning of coal. In 1982 approximately 293 thousand tonnes
of tead were processed in the UK, of which 60 per cent were from recycling.
About 283 thousand tonnes were made within the UK for a variety of pur-
poses, as shown in Figure 2.3, though some of the products were subsequently
exported. Different lead products have different life cycles and amounts of
recoverable lead, as illustrated in Table 2.3. Once it reaches the environment
lead follows the normal biogeochemical pathways until trapped in a relatively
permanent sink such as the soil or ocean sediments. These pathways have
dispersed lead so widely that it is doubtful whether any part of the earth's
surface or any form of life remains uncontaminated by anthropogenic lead. The
sources and pathways of lead discussed in this chapter are not the only ones to
which man is exposed: lead is also found in a wide variety of man-made articles,
particularly within the home (see Chapter VI).
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Figure 2.3
UK lead consumption, 1982
Figures in thousand tonnes. Total 283 thousand tonnes.
*fhis figure is for the manufacture of anti-knock compounds, about 80 per cent of which are
exported.

Sources: World Bureau of Metal Statistics; Lead Development Association.

Lead in the air
2.4. Nearly all the lead in the air in the UK comes from the exhaust gases of

petrol engines. In 1981 about 9.7 thousand tonnes of lead were used in petrol
of which approximately 75 per cent(28) was released to the atmosphere. In
contrast, the annual emissions from major UK lead industries have been
estimated atO.2-0.25 thousand tonnes(2e). This figure may underestimate total
industrial emissions of lead, but it is unlikely that much more than about 10 per
cent of lead in the air comes from industrial sources.

2.5. The concentration of airborne lead close to roads depends on the
volume of traffic, and on topographical and weather conditions, but it is usually
higher than background values. The concentration in air close to the ground
drops sharply with distance from the road (Figure 2.4) as does the rate of
deposition (Figure 2.5). About 10 per cent of emitted lead is deposited within
100 metres of a road, where there may be additional deposition through

Battery castings
and grids

44

Cable
sheathing

21

Other in
metallic form

30

Other in
compound form

Anti-knock
com po u nds'

54

11
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TABLE 2.3

Recovery of lead products

Product Life cycle (years) Product recovery Recoverable
lead (per cent)

Batteries:
Automobile
Traction
Stationary

Sheet

Pipe

Cable sheathing

Alloys:
Solder
Bearings

Type metal

up to

varies with product
in which used

indefinite-constantly
recirculating

)
) At least 90 per cent
,

80-90 per cent

7G-80 per cent

50 per cent

I zo-:o per cent

5 per cent of annual
consumption

returned as
skimmings and

residues from
melting operations

34
20

100

50
40

II
l

95-97

98-r00

98-100

Source : Lead Development Association

resuspension of lead from the road surface (including lead from contaminated
motor oil), especially in spray("o). Lead which is not deposited in the immediate
vicinity of roads may be transported in the air over considerable distances. It
has been estimated that about half of this lead is deposited in the UK and about
half blown out to sea(31). Similarly we would expect some of the lead deposited
in the UK to come from emissions from petrol engines (and other sources)
outside the UK. The fate of the petrol lead when released to the environment is

shown in Figure 2.6,while Figure 2.7 shows lead emissions from motor vehicles
in recent years.

2.6. Although on a national scale only about 10 per cent of airborne lead
comes from industrial sources, such'point sources' are varied and numerous,
and largely concentrated in urban areas. They include smelters, scrap yards,
incinerators and many other industrial users of lead. Birmingham, for example,
has about 50 such premises identified as using lead for industrial purposes,
though not all these will emit lead to the atmosphere.

2.7. lJnder the terms of a recent European Community Directive
(82l844IEEC), Member States must take measures to ensure that the lead in
ihe air, expressed aS an annual mean concentration, does not exceed

2 p.glmr by ihe end of 1 987; this is less stringent than the ambient air quality
stanlard in the USA, which is 1.5 pglm'averaged over 3 months(3'9). It is

difficult to generalise about the concentration of air lead found in the UK, as

there are few long-term Series of measurements and the concentration, particu-
larly in urban areas, varies in both Space and time. Measurements are not
instantaneous: particulate material has to be collected on a filter over a period
of time and then analysed for its lead content. Most of the long-term measure-
ments in urban and industrial areas have been carried out by the Warren Spring

I2
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Figure 2.4
Concentration of airborne lead beside a motorwav
Line is derived theoretically, while points are from measurerients

Source: Reference(,8)
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Figure 2.5
Deposition of lead on grass beside a motorway

Source: Reference(28)
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Figure 2.6
Fate of lead added to petrol in the UK
Figures are in thousand tonnes per year and are approximations for 1981.

Laboratory (Department of Industry), and the Harwell Laboratory (Atomic
Energy Research Establishment) has undertaken monitoring in some rural
areas. In recent years there have been a large number of measurements,
particularly in urban areas, by local authorities and others, but these have
usually been over short periods and the data have not been readily comparable
with those from the longer-term studies.

2.8. In general it appears that the long-term concentration of air lead in
rural areas is usually below about 0. 1 5 plg/ms (Tabl e 2.4) and in most parts of
the larger cities below about 1 pglm".However, at particular times and places
much higher concentrations do occur and there are apparently anomalous data
which cannot readily be explained. The trajectories of emissions to the air from
industrial sources vary with wind strength and direction, and the average
concentration of air lead nearby, which rarely exceeds about 2.5 g.g/m'('a), may
mask a much higher value over short periods. Measurements have also been
made in the vicinity of motorways and busy urban streets. Roads carrying
heavy traffic can be thought of as linear 'hot spots', especially in built-up areas
where a combination of narrow streets and lines of tall buildings produces a
'canyon effect' inhibiting air circulation and consequently the dispersal of lead
from exhaust gases. A mean concentration over four months of 9.7 trr,g/m3 was
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the UK

3.O

l+



















































































































































































































































INDEX

Recommendation numbers in Chapter IX and paragraph numbers in Appendices 4 and 5 are given
in brackets.

A-denotes Appendix
b-denotes information box
n- denotes footnote

Absorption of lead:
in the gut, 4.3, 4.3O, ,A.4(15)
in the lung, 4.3,4.22, A4(7)
through the skin, 4.2

Accumulation of lead:
in bones.4.10
in food chains, 3.5,3.12,3.26
in hair and teeth.4.10
in water,2.l2

Adaptation to lead by plants, 3.10, 3.25
Additives to petrol (see Anti-knock compounds)
Airborne lead,2.4-2.7O,7.133, 8.42 (see also Industrial emissions)

concentration near roads. 2.8-2.9
deposition of, 1.8, 2.5, 2.10,2.25, 4.25
European Community Directive on, 2.7, 7.44
industrial emissions, 2.4, 2.6, 2.8, 6.40
trends in concentration of, 2.9
US standards, 2.7
vehicle emissions, 2.9, 2.19, 7.39, 7.53-7.55, 8.37

Alcoholic drinks, 4.28, 4.31, 4.53, 6.35, 9(19), 'A'4(13)
Alkali and Clean Air Inspectorate (see Industrial Pollution Inspectorates)
Analysis (see Measurement)
Animal behaviour, 1.22,5.8, 5.14-5.15, 9(4)
Anthropogenic dispersal of lead (see Dispersal of lead)
Anti-knock compounds, 7 .16-7.2O, 7.56
Aquatic organisms, 3.22-3.23
Associated Octel, 7.27, 7.48, 7.50
Atomic Energy Research Establishment (AERE), 2.7, 2.9, 7.48
Australia, 7.34, 7.56, 7.78, 7.108, 8.38

Australian Academy of Science, 1.19
Australian Committee on Motor Vehicle Emissions (COMVE), 7.82
Australian Transport Advisory Council, 7.34, 7,.82

Automobile Association, 7.50, 7.104n
Availability of lead, 1.10, 8.8

in road markings, 6.19-6.20
in soil. 2.23-2.24. 3.7. 3.25

Ayr. 6.10

Baby food, 4.24, 6-31
Background concentrations of lead (see Natural concentrations)
Balance schemes (see Model balance schemes)
Behaviour (see Animal behaviour; Children)
Best Practicable Means (BPM), 6.40-6.41, 9(21)
Bi-fuel system, A5(19)
Bio-methylation, 3.4, 8.9
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Birds. 3.15
effects of lead shot and fishing weights, 3.16-3.17, 6.42
poisoning by organic lead, 3.18-3.21, 5.5

Birmingham, 2.6, 4.41 , 6.10
BL (British Leyland):

Jaguar, 7.78, 7.101, A5(1 1)
Mini Metro, 7.48

Blood lead concentration. 8.27
for adults. 4.40. 5.23.8.t9
for children. 4.37 . 4.41 . 5 .lO
relationship with exposure, 4.1 54.1'7
standards, 4.34,5.7
in the UK, 4.38,4.404.42
in Europe, 4.344.39, 4.41, 4.43
elsewhere, 4.434.45

Body burden of lead, |.16, 4.1, 4.54.10
contribution from petrol \ead,4.46, 4.51
monitoring, 4.55, 8.21, 9(1)

Bones, accumulation of lead in, 4.10
BP Oil. 7.59n. 7.107
British Association for Shooting and Conservation, 3.16, 6.43
British Paediatric Association. 4.13
British Standards:

on paint (BS 4310),6.14
on petrol (BS 4040), 7 .15,7 .24,7.74
on road marking materials (BS 3262 and BS 6044), 6.18

Bureau Europ6en des Unions de Consommateurs (BEUC), 7.122

Campaign for Lead-free Air (CLEAR), 1 .1 8, 7. I 08, 7.1 I 8
Canned food (see Food)
Car prices,7.109
Carcinogenicity, 5.2 I

Catalytic converters (see Exhaust catalysts)

Cellular processes, effects of lead on, 5.8, 5.16-5.19, 8.7

Central Veterinary Laboratory (MAFF), 3.14
Children:

behaviour and intelligence, 1.'t'1 ,5.8-5-12, 8-18
ingestion of dust, 4.12, 4.29, 6.37, 8.26,8.34, .A4(14)
painted surfaces accessible to, 6.13, 6.15, 8.33

Clear pool octane, 7.85
Compression ratio,7.10,7.15,7.76,7.89,7.92,7.7O7,7.104,8.41, .45(3, 10-1 1)

CONCAWE (Oil Companies'Study Group for Conservation of Clean Air and Water in Europe):
Study on the Rational Use of Fuels in Transport (RUFIT), 7 .42,7.58,7.82-7 .83,7.88-7.90,
7.101

Confounding factors, 5.10-5.1 l, 8.18
Conservation Society, 1.18

Contamination of samples (see Measurement)
Control of Pollution Act 1974. 7.39
Cosmetics, imported, 4.12, 5.4,6.46, 8.36
Crockery, 4.27, 6.46, A4(12)

Department of Agriculture and Fisheries for Scotland (DAFS), 3.23
Department of Energy, 7.1 10

Department of the Environment (DOE):
Circular 'Lead in the Environment', 6.1. 6.23.6.25
Government's response to the Lawther Report, 6.1, 7.43-7.44
lead in sewage sludge, 2.12,6.36
leaflet on lead paintwork, 6.27, 8.32, 9(1,7)
publication of blood lead survey results, 4.35
study of lead solder in plumbing,6.11
survey of lead in drinking water, 2.13, 6.5, 6.9
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Department of Health and Social Security (DHSS) (see Lawther Working party Report)
Department of Industry, '7 .3'7 , 7 .47 , 7 .7 5

Laboratory of the Government Chemist, 6.19
Warren Spring Laboratory, 2.T, 2.9

Department of Trade, 6.16, 6.46,8.36
Department of Transport, 6.18, 7.19, 7.49, 7.83, 7.lll, 7.121

vehicle lead emission forecasts. 7.53-i.55
Working Party on Lead in Petrol (WOPLIP),7.41,7.47,7.55,7 .77 ,7 .83,7.92,7 .t03,7.109,
7 .11r, 7 .123

Deposition:
of airborne lead, 1.8, 2.26,4.12, A4(8\
of lead to sediments, 2.11,2.I7

Dietary lead (see Food)
Diesef engines. 7.5-7.9. 7.5 l. 7.100, A5(2-7)

Ricardo Comet combustion system. A5(4)
Direct Injection Stratified Charge (DISC) engine, .A5(8-9)
Dispersal of lead in the environment:

anthropogeni-c,,1 .6-l .7, 2.1 -2.3, 2.29, 5.25, 8. I 2-8. I 3, 8.2 t. 8.43, 9(5)
natural,1.4,2.1

Dose-response relationship, 4.1 54.17, 4.32
Dust, 2.25-2.28, 4.29, 4.53, 6.374.39, 8.26, 8.34, 9(20), A4(l4)

contribution of lead in petrol ro. 4.52. A4(18)
in school playgrounds. 2.26. 6.38
in urban streets,2.27

East Anglian Water Company, 6.10
Electrophysiological measurements, 5.13
Energy savings and penalties of unleaded petrol, 7.88 et seq.,7.711-7.112, 7 .129, 8.41
Environmental residence times. 1.6. 8.3
Erythrocyte protoporphyrin (EPP), 4.8-4.9
Ethylene dibromide/dichloride, 7.25
European Communities, Commission of, 1.13, 7 .40, 7 .64, 8.38

Evolution of Regulations, Global Approach (ERGA) Working Group,7.l24
European Communitv Directives:

on lead in air,2.7,'7.44
on drinking water quality, 6.5
on gaseous exhaust emission lim|ts, 7.36, 7.124
proposal on oxygenates, 7.67
on packaging and labelling paint and related substances, 6.15
on lead in petro_I,.7.20, 7 35-7.36,7.4O,7.113 et seq.,7.124,7.127,9.39, 9(27),

Appendix 6 (text of Directive)
proposal on use of sewage sludge in agriculture, 6.36
on surface water quality, 6.3
on survey of blood lead concentrations, 4.34

European Court of Justice, 7.1 17,7.119
European Environmental Bureau (EEB), 7.122
European P arliament, 7 . 122
Exhaust catalysts, 7.29b, 7.36, 8.38

lead tolerant,7.37
Exhaust filters. 7.47-7.50
Exhaust systems, 7.26, 7.9O, 7.96, 7.110

Fellowship of Engineering, 7.83
Fishing weights, 3.1 6-3.17, 6.42, 6.44-6.4 5, 8.3 5, 9 (22-23)
Food, 8.30, 8.42, 9(18)

canned, 4.12, 4.24, 4.53, 6.294.34, 8.30, A4(9)
contribution of lead in petrol, 4.25, .A4(18)
duplicate diets, 4.23, A4(8)
preparation and cooking of, 4.254.26
Regulations on lead in, 3.8, 3.23, 6.31

Food Additives and Contaminants Committee (FACC), 6.31
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Food chains. 2.24. 3.5, 3.12, 3.26' 8.4

Ford Motor ComPanY, 7.73
Fueleconomyof vehicles,7,89etseq.,7'98etseq.,7.104'7.106"7.111-:7-112'7.129'8.41
Fuel injection (see Internal combustion engine)

Gaseous emission standards for vehicles, 7.28-7.30,7.34,7.36,7.61,7 76' 7'80' 7.81, 7.101'
7.124-7.t27

Germany, Federal Republic of, 2.9, 5.1 l, 7.35-7.36,'7.115
Glasgow,6.l0
Greater London Council, 6.38

Hair, accumulation of lead in, 4.10

Highland Hydrocarbons, 7.65
Home improvement and repair grants, 6.6,9(7)

Imperial Metal Industries, 6.43
Indoor lead contamination, 2.28, 4.22, 6.26, A4(3)
Industriaf emissions, 2.4, 2.6, 2.8, 3.21, 6.40-6 41, 7 .134, 8.28, 9(21)
Industrial exposure, 5.7 , 5.21 , 9(2)
Industrial Pollution Inspectorates, 6.41, 9(21)
Ingestion of lead, 3.14,4.2,4.12, 44(8-15)
Inhalation of lead, 1.8, 4.24.3, 4.12, 4.22, A4(4-7 )
Intake of lead by man (see also Ingestion; Inhalation):

definition. 4.2
Internal combustion engine, 7 .5-7 .9, 7 .98-7 .101 , Appendix 5

fuel injection v carburation, A5(13-15)
f nvertebrate animals, 3.12, 3.20. 3.22-3.23
Isotopes of lead, 1.8b,4.4,4.46b
Isotopic Lead Experiment (ILE), Turin, 4.46-4.48, 4.51

Jaguar (see BL)
Japan, 4.43,7.33, 8.38
Johnson Matthey, 7.37

Knock,7.11, ,A.5(1)
acceleration knock, 7.12
end-gas zone, 7.17
high speed knock,7.t2
kn"ock'avoidance systems, ,{5(1 6-1 8)

Laboratory of the Government Chemist (see Department of Industry)
Lawther Working Party Report (DHSS), 1 .1 5-1 .19, 5.2, 5.7 ,5.9, 6.1, 6.16,6'22' 6.30,7 .41 '7 .43,

7.44, A4(7)
Lead-free petrol (see Unleaded petrol)
Lead catchment devices, filters, traps (see Exhaust filters)
Liquid petroleum gas (LPG), 7.51

Local authoriti es, 6.7 , 6.9, 6.23-6.24, 6.27 , 6.47 , 8.33, 9( 15), 9(24)

Maintenance costs for vehicles, 7,26, "l .9O-7.91, 7 .110
Manufacture of lead, 2.3
May 'Fireball' system, 7.101, ,{5(10-12)
Measurement, 1.10, 1.12, 1.14, 2.7, 8.2

of body burden of lead, 4.64.70
contamination of samples, 1.17,2.2, 4.7, 4'9
of lead in paint, 6.24
of lead in soil. 2.23

Medical Research Council, 5.24, 9(1), 9(4)

Mercedes-Benz, ,A.5(4)

Mersey estuary, poisoning of birds in, 3.18-3.21
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Metal Box Company, 6.33
Methanol, 7.51,7.68 (see also Oxygenates)
Methylaniline, 7.19n
Methyl cyclopentadienyl manganese tricarbonyl (MMT), 7.19, 7.56
Methyl tertiary butyl ether (see Oxygenates)
Micro-organism s, 2.24, 3.12, 8.5

conversion of inorganic to organic lead by, 3.2,3.4
tolerance to lead of. 3.3

Mining, 2.2-2.3,2.17
Ministry of Agriculture, Fisheries and Food (MAFF), 3.8,3.23, 4.23, 6.33, 44(8-9)
Misfuelling, 7.108
Mobil process, 7.68
Model balance scheme for intake and uptake of lead,4.18-4.33, Appendix 4
Monitoring, 6.47, 9(24)

of body lead burden, 4.34,4.55,8.21, 9(1)
of lead in dust. 6.38
of lead in water.2.12

Motor industry , 7 .7 5-7 .81 , 7 .126, 7 .132, 8.40, 9(28) (see also individual motor companies)
Motorists' costs with unleaded petrol,7 .lO3 et seq.
Motor Octane Number (MON), 7.14b

National Anglers' Council, 3.17, 6.44
National Health and Nutrition Examination Survey (NHANES) (see United States of America)
National Water Council, 6.8, 6.36
Natural lead concentrations, 2.2, 2.1 6, 8.1 l, 8.7 4
Nature Conservancy Council, 3.17, 6.44
Neurotransmitter synthesis, 5. I 8, 8.7
New Zealand, 3 .13, 7 .68
Northern Ireland,6.10
North Sea, pathway of lead to, 2.14
Nucleic acids,5.19
Nutrition Foundation (see United States of America)

Octane number/rating, 7.14-7.15
high octane petrol without lead,7.56-7 .57

Octane requirement, 7.14b, 7.99, 7.101
Oil.industry,7.82-7.87,7.126,7.132,8.40,9(28) (see also BP Oil; UK Petroleum Industry

Association)
Organic lead compounds, 1.8b, 1.9, 3.2,8.9

in paint,6.12
in petrol, 7.16
poisoning of birds by,3.18-3.21

Oxygenates, 7.62-7.67
methanol, 7.65
methyl tertiary butyl ether, 7.63,7.73
tertiary butanol, 7.63

Paint:
equipment for measuring lead content of , 6.24,8.33, 9(15)
ingestion by animals, 3.14
modern, 6.12-6.17 , 6.21 , 9( 10), 9(13)
old, 6.22-6.28, 9(16)
pigments, 6.12-6.1 4, 6.22
precautionary labelting, 6.1 44.1 6, 8. 1 3, 9( 1 1 ), 9( 1 2)
road markings, 2.25, 6.13, 6.18-4.20, 6.37, 9(14)
on toys and pencils, 6.17

Paintmakers' Association, 6. l6
Pathways for lead, 4.11 et seq., Appendix 4

definition, 4.1 1
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emissions of lead from (see Airborne lead)
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European Community proposal to reduce lead content of, 1.13,7'40
lead content of, in:
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Japan, T.29,7.33,7.78
Soviet Union. 7.27
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prices, 7 .1.07 -7.1 08, 9(29)
Petroleum industry (see Oil industry)
Pewter. 4.1,2,6.46
Pica, 4.12, 6.23, A4(14)
Pipes, replacement of lead, 6.6-6.9, 8'29,9(6)' 9(7)' 9(8)
Plants and vegetation, 3.6-3.11, 3.25, 8.6

Plasma biopterin, 5.18

Plumbosolvency, 2.13, 6.4, 6.9, 8.29, 9(6)
lime dosing, 6.10
phosphate dosing, 6.10

Poisoning by lead:
in animals, 3.13 et seq., 5.5
definitions.5.4n
in man, 1.2, 5.1 et se4., 8.16, 8.19

Pubf icity, r.L 4, 6.27 4.28, 6.48, 8.32, 9 (7 ), 9 (1' 6), 9 (17 ), 9 (2s)

Recovery of lead products, 2.3

Refinery costs, 7.16, '7.20,7 '58,7.82' 7.89-7.91

Reproduction, 5.20
Research Octane Number (RON), 7.14b

Research, recommendations for, 5.24, 6.20,6.34,6.35, 6.38, 6.39,8.26,8.31, 8.34, 9(3), 9(4),
e(13), e(14), e(18), e(1e), e(20)

Road markings (see Paint)
Royal Commission on Environmental Pollution:

Fourth Report. 1.1, 1.13
Seventh Report, 2.18
Eighth Report, 7.57n
Tenth Report, 1.3

Royal Society for the Protection of Birds (RSPB)' 3 16

RUFIT (see CONCAWE)

Safety margins, 5.22, 5.25, 7.1, 8'20
Scavengers, 7.25
Scottish Agricultural Colleges, 3.14
Scottish Health Education Group, 6.48
Scottish Departments, 6.1, 6.5

Sea bed, movement of lead to, 2.14
Sediments. 2.11.2.17 , 2.22
Sewage sludge, 2.1.2,2.18, 4.12, 6.36
Shipham, Somerset, 2.23, 4.40
Shot, lead, 2.15,6.42,6.45, 8.35

substitutes, 6.43, 8.35, 9(22-23)
Smoking (see Tobacco)
Social factors, influence on lead intake and intelligence, 4.35,4.50' 5'11, 6.39' 8.24'8.26

Society of Motor Manufacturers and Traders (SMMT), 7.51,7.77
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Soil,2.15-2.24,8.5
sarden. 2.20
Ingestion by animals, 3.14, ,A.4(14)
ingestion by children, 4.12
regional distribution of lead in,2.22

Solder:
in canned food, 4.1 2, 4.24,6.3 l-6.34. 8.30. ,A4(9)
!n drinking water, 6.3, 6.1 1, 9(9)

Sources of lead, 4.11 et seq.. Appendix 4
definition. 4.1 1

Sparking plugs, 7.25, 7.90,'7.96.7 .110
Speed limits, 7.1 I 1

Storage tanks, lead lined, 6.3, 6.8, 8.29
Sweden. 5.7 , 7 .35-7 .36

Switzerland, 7 .35-i .36

Tap water (see Water)
Tertiary butanol (see Oxygenates)
Tetra ethyl/methyl lead (see Anti-knock compounds)
Threshold concentrations for effccts of lead, 5.22, 7 .l , B.l6
Tobacco, 4.12. 4.21 , 4.22, 4.31 .4.35, 4.53, ,A.4(5)

Tolerance to lead:
exhaust catalysts. 7.37
micro-organisms. 3.2
plants, 3.10, 3.25, 8.6

Tooth lead, 4.10, 5.1 1

Treaty of Rome, 7.1 14, 7.118, 7.120
Tricresyl phosphate (TCP) (see Valve seat recession)

UK Petroleum Industry Association (UKPIA), 7 .19,7.53,7.58,'7 .65,7.83,7.91,7.94,7.1O7,
7.1 10

United States of America:
air lead, 2.7-2.9
Corporate Average Fuel Economy (CAFE) Regulations, 7.78, 7.112
Environmental Protection Agency (EPA), 5.9, 7.30-7.31
National Academy of Sciences, 1.19
National Health and Nutrition Examination Survey (NHANES), 4.44, 4.51
Nutrition Foundation, 6.34
Regulations on paint, 6.21 , 8.31, 9(12)
Regulations on use of lead shot. 6.43

Universal Oil Products Company, Illinois, 7.58
Unleld-ed-petrol , 7 .20,'7 .28-'1 .34, 7 .36,7 .41, '7 .52,7 .56 et seq.,'7 .7 5, 7 .83,7 .91 et seq.,7 .124,

'7 .132, 8.38, 8.39, 9(28-29)
Uptake of lead by man, 4.22, 4.30, A4(7\

definition. 4.2
Uses of lead, 1.5, 2.3

Valve seat recession, 7 .21 , 7 .7 4
use of tricresyl phosphate (TCP),7.74

Vertebrate animals, 3.13 et seq., 8.7
Volkswagen, 7.9

Walsall.2.21
Warren Spring Laboratory (see Department of Industry)
Water:

accumulation of lead in.2.l2
surface, 2.11, 6.3
tap, lead content of,4.26,4.53, 6.5, 8.29, A4(11) (see also Storage tanks)
treatmenl to reduce plumbosolvencv. 6.6-6.10. S(6)
used for cooking. 4.26.6.4, A4(l li
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Water Research Centre, 6.10, 6.11, A4(11)
Welsh Office:

Circular 'Lead in the Environment', 6.1, 6.23, 6.25
leaflet on lead paintwork, 6.27, 8.32,9(17)

Wildfowl Trust. 3.16
Windermere, sediments, 2.1 I
Working Party on Lead in Petrol (WOPLIP) (see Department of Transport)
World Health Organisation (WHO), 4.43,5.7
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