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NIGEL RODGER TRANMER

AIR POLLUTION MONITORING AND MODELLING IN NORTH EAST DERBYSHIRE

ABSTRACT

-

Previous work on biological monitors for atmospheric lead. has been
" reviewed. Experiments with hair-net and flat nylon-mesh envelope
monitors failed to confirm 'a claim of reproducibility by previous
workers, a percentage relative standard deviation of 24.5 for hair-net
monitors and 13.4 to 56.7 for flat nylon-mesh envelopes was achieved.
An homogenised acid-washed moss monitor in a diffusion tube produced a
significant increase in lead deposition. Replicate diffusion tube
monitors initially showed poor reproducibility. Homogenisation of the
moss to < lmm and maintained saturation produced a range of % RSD's of
8.6 to’ 12,8. Samples unwashed with acid showed more depostion than
washed samples. Replicate monitors in which moss was replaced with
various physical media displayed poor reproducibility. It seems
unlikely that such passive monitors can replace established air
filtration methods,

At the commencement of this study in 1981, two types of dust gauge
were in use in the North East Derbyshire area, they were the B.S.
Standard Deposit Gauge and the B.S. Direction Dust Gauge.. Sampling
errors of the British Standard Deposit Gauge had been established by
previous workers as being considerable., Proposed models to apply a
wind direction correction to amounts of :dust collected by Directional

\
A

Gauges have inherent weaknesses. A new model was developed and its -
performance improved with successive refinements of input data. Wind:-

data from a localised weather station was applied to the model and
showed to improve the performance - compared to using—remote weather
station data. .

Daily smoke and sulphur dioxide levels at 6 sites covering a 3
year period were used to.develop a model which- employs data collected
at one monitoring station' to predict levels in other parts of the area.

Prec1p1tation ac1d1ty has been measured within the area since

1950. - Previous work onifprecipitation ac1d1ty data has béen reviewed

and an increase in prec1p1tat10n acidity for the area was indicated.

~ ~

A rationalised air pollution monitoring network is proposed to
fulfil the air quality management function for the N.E.D.D.C.
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(a) INTRODUCTION TO AIR POLLUTION

Air is essential to human life and must be breathed continually
to survive. Dirty water or tainted food may be rejected unlike air

which is involuntarily inhaled,

Pollution may take many forms. Air pollution, water pollution,
land bollution and thé pollution: of estuaries and the seas are forms
which are readily understandable. It is sometimes possible when
preventing one form of pollution to cause othér forms. For example,
when flue gases are washed before being discharged to the atmosphere,
the effluent may be discharged directly to a stream or river. This
. could pollute the river and so the prevention of one form of pollution

may, if not properly controlled, cause another.

Modern methods of monitoring enable the detection and measurement
of substances in very small quantities. In earlier days, such amounts
would have been described as "traces" and often disregarded. When
considering certain pollutants, fhe amount is important, for it could
be small and of little significance. Some gases, although generally

regarded as toxic are only so, if they are of a sufficient

concentration,

- Some air pollutants occur naturally. Perhaps the best example is
that produced by volcanoes. The amount of smoke, apart from lava,
liquid mud, ashes.and cinders that a volcano emits is immense, Another
form of natural pollution which is common in this country, is sea salt

which adds to the general corrosiveness of the atmosphere.



However when considering atmospheric pollution, its source is
often anthropogenic. ‘The serious air pollution events, such as those
which occurrgd in London in 1952, Donora in 1948 and the Meuse Valley
in 1930 produced acute effects, especially on the inhabitants of those
areas. They led to various legislative controls on emissions to

atmosphere in this countryl.

Recently attention has also been directed towards the potential
dangers of atmospheric heavy-metals. Lead has attracted most concern
because of its widespread use as an anti-knock agent in petrol, but
other metals also cause feafs from time to time, espégially around

industrial plants.

It has been estimated that some 10,000 chemicals are produced Ey'
man in significant amounts (500 - 1,000,000 kg per year); Some of
these have always occurred naturally in the environment, others
appeared in the biosphere for the first time when they were
synthesised by man. The following criteria have been suggestedzvfor

recognising a potentially harmful chemical.

-

l. Toxic in small amounts (acceptable daily intake.
less than 100 mg.kg™) body mass).

2. Not essential for life processes.

3. Acgumulates with age (incompletely excreted or
detoxified).

4. Environmentally persistent (poorly biodegradable;

thermostable in air below 200°C).



5. Biochemically active (e.g. modifying enzyme
activity, protein synthesis, redox states).

6. Rate of seQuestration (deposition in fat or
bone etc.) similar to absorption rate (i.e.
pool of active chemical in tissues and body
fluids).

7. Wide variation in toxicity with age or geno-
type or nutritional state (i.e. susceptible
groups within a population).

8. Envirommentally mobile (i.e. relatively low
boiling point or melting point; relatively
high vapour pressure at S.T.P.).‘

9. Does not form relatively stéble complexes with
organic matfer, clay colloids, sediments and
acid soils.

10. Pronounced increase in human enviromment in
last 2,000 to 3,000 years or in enviromnment of

target species during its last 100 years.

-

The chief consideration is whether potential nuisance, or harm
may be caused to man either directly, or indirectly. The effects may

be outlined as follows:-

1. Chemical effects on man himself from ingesting
contaminated air, water, food, or directly from

drugs or contact, causing human health problems.



2. Chemical effects on livestock,‘crops or other
cultivated species and resource organisms (e.g.
trees, fibre plants). Absorption from contami-
nated air, water, soil, food, or from direct
chemical treatment, may cause reduced product-
ivity from resource species.

3.- Chemical effects on wildlife which maintain the
physical, chemical or biological stability of
the enviromment or which influence the product-
ivity of human food organisms. Absorption from
contaminéted air; water, soil or direct chemical
treatment may cause reduced productivity, redﬁced
genetic variability or species losé (e.g. in marine
organisms forming the food base of a commer;ial
fishery; in natural predators of crop-pests; in
decomposer organisms involved in recycling minerals;
in a key wild species resﬁonsible for maintaining
the stability of an ecosystem useful to man).

4. Chemical contamination of the atmosphere and
lower stratosphere by trace gases (e.g. €Oy,

H,0) and aerosols, which might effect global
radiation balahce and hence climate, éausing sea-

level changes, vegetation changes, etc,

It is important to recognise that these four are not isolated

from one another, but are mutually interactive components linked by



the atmospheric, hydrological, geochemical and ecological processes
which control the movements, distribution and effects of chemical
substances iﬁjected into the biosphere. 1In this way, a chenical
substance disposed of by release into air (chimney emissions) or water
(sewage wastes) or soil, (dumping) can become redistributed among all
three media. The contaminant is then available for absorption by a
resource species either directly or via a wildlife species. Climatic
changes couldkaffect‘the productivity of a wild or resource species.

In all cases, the ultimate recipient may be man.

The above considerations suggest that, of all the popeﬁtially
harmful chemicals, those substances which are aerially dispersed in
significant amounts and whiéh'have a high acute toxicity and
environmental persistence, are the ones most likely to cause.widespread
problems and, in consequence, need some form of surveillance or
monitoring. Especially important here are the so-called "heavy
metals," many of which have been reported to be chronic health hazards

to man and other living organisms, even in trace amountsB’é.

(b) INTRODUCTION TO THE NORTH EAST DERBYSHIRE DISTRICT COUNCIL ARFA

The North East Derbyshire District Council area comprises about
107 square miles, and almost entirely encircles Chesferfield, (see
Figure'l). The estimated population of the Area is 96,000. The main
areas of population are at Clay Cross, Dronfield, Eckington and
Killamarsh. The area extends from the south of Sheffield to jﬁst north
of Alfreton and from west of Bolsover to the beginnings of the Peak

District National Park in the east.
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The eastern and northern parts of the District are part of a
major coalfield area although mining has declined in recent years.
However, there are s;ill enough collieries in use to make this industry
a significaht factor in the local economy. The iron and steel and
heavy engineering industry too is prominent at Clay Cross, Dronfield,
Eckington, Killaﬁarsh, Renishaw and other villages along the
eastern and northern edges of the District. However, Dronfield,
Eckingtoﬁ and Killamarsh are also important as residential areas for
people working in SheffieidA(in:particﬁlar),'which is only a few miles

' to the north.

(i) Clay Cross

Clay Cross has about 9,000 inhabitants and is 1ocated in the
southern part of the District. Coal mining which was once the main
industry of Clay Cross has now ceased and new industries have been
brought in to augment the traditional iron and steel making role,.
Almost all of the older and cramped houses built cheaply and quickly in
the early days of the town's development have gone and Clay Cross now
has well over 1,400 modern houses and flats on several well planned
estates, Industries located at Clay Cross include a large iron
foundry, various steel and alloy producihg plants, cardboard production

and a wood waste processing plant,

(ii) Dronfield

Dronfield has a population of approximately 24,000 and is

situated midway between Chesterfield and Sheffield, serving partly



as a residential town for people who work in both. Although
predominantly residential, there is a large industrial estate situated
on the floor of the ﬁronfield valley. Industries include iron
foundries, waste 0il re-processing, ready mixed concrete production

and machine tool manufacturing,

(iii) Eckington

This parish has an area of about 10 square miles and is located
to the south east of Sheffield and stretches from Dronfield to the
Rother Valley. Although mining is still important in the area, the

parish includes a great deal of agricultural land use.

(iv) Killamarsh

Killamarsh is the most easterly parish within the District, and
is on the east side of the Rother Valley and south east of Sheffield.
It is an expanding township where a great deal of new residential
development has taken place, both private and public., Mining and

engineering provide much of the employment in the area.

-

(¢) AIR POLLUTANTS IN THE AREA

The main air pollutants which are regularly monitored are lead,

grit and dust, sulphur dioxide and smoke.
(i) Lead

Lead poisoniﬁg has been known for thousands of years. Until this

century, the main hazards came from mining, and such sources as lead



drinking pipes and cisterns, pewter and lead-containing vessels for
food, drink, and cooking, lead paint, lead nipple shields for nursing
mothers, certain cosmetics, lead toys, lead cider pressers and lead

additives in wine.5

’Whilst the worse excesses of industrial lead poisoning were
abated during the first half of the 20th century, a new and more wide
ranging source of‘lead was introduced following the discovery of the
organolead anti-knock additive for petrol, tetraethyl lead (TEL), by

the American industrial chemist, Midgley, im 1921.

The envirommental consequences of using leaded petrol were -

6

from geochemical evidence the present day lead burdens which were

~largely under-estimated until 1965 when Patterson” concluded that
regarded as "normal" were in fact enormously elevated over the
"natural" levels against which man evolved as a species and to which he
might be presumed to have adapted in some measure. Patterson suggested
that modern lead burdens were a danger to public health, and identified

the emissions from leaded petrol as a major source of these burdens.

-

Russian scientists, using techniques of behavioural toxicology
then unknown in the west, had actually identified the hazard some years
earlier, and leaded petrol was in consequence banned from major
Russian cities7. In 1958 a request by the U.S. Petroleum industry to
increase the current levels of lead in petrol triggered an
investigation of the effects of existing exposure levels by the U.S.
Public Health Authorities., The poisoning of emission control catalysts
for cars, by lead, reinforced a growing medical awareness.of the

comparable poisoning of biochemical catalysts (enzymes) in man.

- 10 -



IV

- behaviour before it produces clinical illness. Lawther

Since then a growing conflict has developed between bodies such as the
United States Environmental Protection Agency and the ﬁanufacturers and
industrial users of TEL and tetramethyl lead (TML). In this country
amid contrasting reactions at Government 1evel a growing number of
research workers have embarked on studies of envirommental lead and the

effects of its intake by man.

The question whether contemporary lead burdens are sufficiently"
high to‘produce adverse effects on behaviour -and intelligence among the
general population (especially young children) is central to the
envirommental lead .debate. The extenéivevliteratﬁre-6n«the subject has
been reviewed in detail by the United States Environmental Profection

8 9 10

> Repko and Corum” and Jaworski~“. Some of the studies

Agency
are, as always open to criticism, but the bulk of studies indicate that
blood lead levels insufficient to cause obvious clinical lead poisoning

do produce disturbances in the biochemistry of the brain.

Lead is a neurotoxin and like other neurotoxins lead disturbs
11 oncluded
that children could exhibit symptoms of clinical  lead poisoning at
blood lead levels of 80 aug dl_l. It is fully to be expected that
intelligence and behaviour are liable to be disturbed at blood levels

below that13.

It may be concluded that there is a link (if somewhat ill-defined
because of subjective human reaction) between envirommental lead
burdens and health. In consequence, the E.E.C. has adopted an air
quality standard of 2 g m_3 for urban areas, not especially expose&

to vehicular traffic.

- 11 -



North East Derbyshire District Council has monitored atmospheric
lead levels at various locations within the area since 1980 and a

schedule of results is included in Appendix A.

(ii) Grit and Dust

British Standard 340512 defiﬁes dust as small solid particles
in the size range 1 to 75_um in diameter and grit as particles above
75 am. Particles below about 1 am, if airborne, would tend to remain
in suspension rather than settle out under their own weight. Particles
more than 10 pm in diameter do not penetrate the alveoli of the lungs
and particles below l)ﬁm in diameter pass freély in and out of the

lungsl6.

Grit and dust concentrations which are normally found in the
atmosphere do not constitute a hazard to human health but may cause
nuisance, These particles may occur naturally or be mobilized during
some industrial activity. Sea salt , road dust, pollen and séeds are
exanples of naturally occurring particles whilst industrial sources may
include mineral dust from quarries, sand and cement from batch mixing
plants and coal dust from storage depots and opencast coal extraction.
The grit and dust may be dispersed for considerable distances by wind
. both from industrial processes and from boiler house chimneys.

Nuisance may manifest itself as depositions'on paintwork, dirty laundry

or damaged vegetation.

Grit and dust measurements have been made throughout the Area

using a variety of methods over many years.

- 12 -



(iii) Sulphur Dioxide

Sulphur dioxide at normal temperatures is a colourless gas formed
by the oxidation of the element sﬁlphur. Three principal processes
contribute to the presence of sulphur dioxide in the atmosphere: the
combustion of suléhurous impurities in some fuels; certain other
industrial processes é.g. the reduction by smelting of metallic ores
which occur as sulphur compounds, or which contain suléhurous
impurities; and és a natural by-product of biological decay and

geophysical activity (e.g. volcanoes).

In addition to sulphur dioxide, some industrial sources may emit
small quantities of sulphur trioxide, and more may bé formed subsequent
to emission as some of the sulphur dioxide is oxidised to the trioxide
form. Sulphur trioxide is chemically very reactive and in particular
has a high affinity for combining with water. As a result its lifetime
in the free atmosphere is likely to be very short. The lifetime of

sulphur dioxide may be several days.

One stage in this sequence of chemical reactions will be the
formation of dilute acids, sulphurous acid, formed directly from
sulphur dioxide and water, and sulphuric aéid, formed by further
oxidation of sulphurous acid or directly from sulphur trioxide and

water.

505 + H,0 = HZSO3 |

_13_



These acids are corrosive and attack most common materials -
iron, steel, stone, textiles, leather, etc. Damage caused by this acid
attack is a significant factor in the overall hazard of air pollution.
Sulphur dioxide, as a gas, is, in sufficient concentration, an
irritant to human and animal respiratory systems, and can damage

vegetation,

Health

Studies on experimental animalsl7

have showg,tﬁat the presence
of particulates, particularly those in the submicron size range,
enhance the effect of enhaled sulphur dioxide when they are present
simultaneousl}. The precise mechanism by which the oxides of sulphur
and particulate matter can affect the lungs is not known. The
considerable variations in the results Qf these experiments on animals
reflect differences in sensitivity of individual species, exposure
levels, and methods used to assess the effects. The extrapolation of

these results on the synergistic effect of sulphur dioxide and

particulate matter to human beings is not easy.

However, some studies have indicated possible mechanisms of
biological action on the respiratory system, e.g. interference with

18 19

mechanisms for the clearance of bacteria and inert particles

from the lung.

The most clearly defined effects on mortality arising from

exposure to sulphur oxides and particulate matter have been the

- 14 -



sudden increases in the number of deaths occurring, on a dav-to-day
basis, in episodes of high pollution. The most notable of these
occurred in the Meuse Valley in 193020 in Donora in 19482l and in
London iﬁ 195222. The people primarily affected were those with pre-
existing heart or lung disease or both, and the elderly. The London
episode lasted for 5 days and it was estimated that the number of
deaths during and immediately after this period was about 4,000 more
than expected under normal circumstances. On one day, the number of
deaths was about three times the number expected at that time of the
year., Concentrations of sulphur dioxide as high as 3,700,¢'\1g.m_3 were
recorded and that of particulate matter were tpo'high to be measured

3

“properly. The 48 hour average of about 4,500)ug.mf at a central

site must be regarded as a conservative estimate.

In countries having reliable systems for the collection and
analysis of data on deaths, based on cause and area of residence, death
rates for respiratory diseases have commonly been found to be higher in
towns than in rural areas. Many factors, such as differences in
smoking habits, occupation or social conditions may be involved in
these contrasts, but, in a number of countries, ; general association

between death rates from respiratory diseases and air pollution has

been apparent for many decades.

The studies of Da1y23’23a Pemberton and Goldberg24 and

Stocks25

, were all based on mortality data from towns in England and
Walés, and each showed a positive correlation between bronchitis or
pneumonia death rates and some index of pollution by sulphur oxides or

particulate matter, as assessed for periods close to those for which

death rates were calculated.

- 15 -



Vegetation

Research in this country specifically to determine the effect of
sulphur oxides on plants and crops has been extremely limited. Little
useful guidance can be obtained from simple field obsesvations or
experiments without adequate controls since so many otherkfactors may
in practice affect the growth of vegetation or the yieldd4crops,
including soil quality, weather, pests and diseases, methods of
husbandry, use of artificial fertilizers, etc., etc. In recent years,
more reliable information has been forthcoming,from research overseas,
particulérly in Germany and North America, which, with some
qualification, can provide a useful guide to the levéls of sulphur
dioxide pollution which can cause discernible adverse effects on
vegetation. These have been summarised in an Agricultural Research
Council publication to which reference can be made for detailed
figure526. Plant species differ considerably in their susceptibility
to sulphur dioxide27; the plant is also markedly affected by the
stage of growth at which it is exposed to pollution. Plants also have
a definite diurnal variation in their susceptibility to this gas, and
other envirommental factors such as temperature,.ﬁumidity,‘light
intensity and nutrition can also modify the effects. For each species
there is an irritation threshold concentration or 'first tolerance
limit! which\can be‘tolerated indefinitely without discernible injury.
Higher concentrations may be tolerated for limited periods; although a

given amount of gas at higher concentration generally causes more

damage than the same amount at lower concentration over a longer time.

- 16 -



In any discussion of the effect of atmospheric sulphur dioxide on
vegetation (and through the various food chains, indirectly on animals
and human beings too), it cannot be overlooked that sulphur is an
essential constituent of most proteins and is thus, one of the

nutrients of growing crops.

- Some confirmation of this view is seen in agricultural studies,
notably in Englandzs, which have  shown that where insufficient
sulphur is being applied to soil in the form of fertilizer, to replace
that taken by the growing crops; the sulphur derived from pollution of
the air may help to prevent sulphur-deficiency arising in the .soil in
‘certain areas. Furthermo:e, an adequate sulphur supply has .also shown.
to be essential to miﬁimize crop iosses from certain blights and |
diseases. The implication of these findingé is that there might well
be a minimum desirable level of S0, in the general atmosphere below

which the health and yield of crops can suffer.

Increased acidity of precipitation has attracted recent
attention. Forests in central Europe have been shown to be
experiencing problems with trees (mainly fir, spruce and beech) showing
visible injury. Such damage is widespread in West Germany especially

14

at high altitude~". Acidity from precipitation and from dry deposited

sulphur dioxide and oxides of nitrogen has been proposed as a possible

44. Forests were identified as an ecosystem in

cause of this damage
which deleterious effects of acid precipitation were likelylzz, but
experimental work re?ealed no reduction in forest produétivity in
response to applications of acidified water on young Scots pine

123

trees . A casual link between deposited acidity and forest effects

has yet to be demonstrated, however, and other factors including water

-17 -



stress and elevated summer ozone concentratiomns, have also been

identified as possible causes.
Corrosion

On the basis of exposure tests made in many countries from 1928
onwards, the Atmospheric Corrosion Sub-Committee of the then Department
of Scientific and Industrial Research repdfted many times that there is
a correlation between the rate of corrosion éf bare steel-énd of pure
zinc or zinc coatings on steel, with the sul?hur pollution of the

atmosphere, -

Alkaline building stones such as the limestones and dolomites
used in many famous buildings are also sus&eptible to increased
'spalling' and erosion when exposed to polluted atmospheres. There
are, however, considerabie difficulties in iéolating the effect of
sulphur oxides from other pollutants and from natural weathering
effects. (Weak carbonic acid formed from atmospheric carbon dioxide
dissolved in rainwater, does of course, attack limestones over the
course of time to an extent sufficient to form huge underground grotto
systems like the Cheddar Caves). Some authoriti;s have considered that
a layer of sooty deposit on stonework arising from pfolonged smoke
pdllption may absorb and retain sulphuric acid and hencé, increase the
severity of its attack on the stone. However, in some cases where
building dXteriors have receﬁtly been cleared of soot, it has been
observed that intricate carvings in limestone have retained almost
their original form, so tﬁat a number of factors. are clearly involved.
Little research in this field has so far been made in this country and

more might profitably be done since corrosion is principally an

economic loss and the costs and benefits of controlling sulphur dioxide

- 18 -



emissions in relation to corrosion should be susceptible to econonic

analysis.,
(iv) Smoke

Smoke is the term normally applied to the visible products of
imperfect combustion. Smoke from chimneys ultimately becomes so well
mixed with air that it ceases to be visible. After such atténuééion
smoke remains, however, a potential cause of nuisance, a significant
air pollutant both in its own right and in combination with sulphur

dioxide (see previous section).

In this discussion a distinction between suspended matter (smoke)
and grit and dust must be made. The latter group of particulates will

be discussed in Chapter Three.
Nuisance

The social awareness of pollution caused by suspended matter has

been studied in a few areas. The results from different studies have

been presented in a document on particulate matterzg; they include

those from a study carried out in St. Louis30 where values for

3

suspended particulates of around 100 wg.m - produced annoyance

reactions from a considerable number of people.

A similar study was carried out in Birmingham, Alabama,

31

U.S.A. in which levels of air pollution were correlated with

annoyance. They found that about one half of the persons interviewed

thought that air pollution was a general nuisance, when mean annual or

mean summer concentrations of particulate matter reach 230‘ug.m—3

and one third when they reached lSO,ug.m_B.



Lung Cancer

The possibility that air pollution is a casual factor in cancer
of the lung has given rise to considerable concern. The evidence in
favour of a casual relationship is briefly: (a) the excess atcurrence
of the disease in urban areas; (b) the presence in the suspended
matter in urban air of substances such .as benzo (a) pyrene that can
cause cancer under expérimental conditions; and (c¢) the general rise
in lung cancer that appeared, at one time, to follow certain assumed

trends in pollutiom.

Early studies in the,U.K.zs’32 indicated that variations in
lung cancer mortality in urban areas were associated with variatioms in
amounts of pollution and, foilowing a recommendation by a W.H.O. Study
Group in 195933, a pilot international study was undertaken in
several cities where there were contrasts in lung cancer death rates.
The results did not show any clear-cut relationship with measurements

34 and itrwas

of particulate matter or its benzo (a) pyrene content
clear that apart from the difficulties of making proper allowances for
differences in smoking habits, it seemed likely that present day

measurements of polycyclic hydrocarbons gave an inadequate assessment

of past exposures to these compounds.

35

The Royal College of Physicians of London reviewed the issue

and concludé& that the evidence against community air pollution being a
casual factor in lung cancer was stronger than evidencé for it. The
urban/rural differgntial is greatest in countries with relatively iow
urban air pollution (Sweden, Norway, Denmark). The upward trend in

mortality as well as other experimental and epidemiological evidence

are best explained by the casual role of cigarette smoking.
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(d) EXISTING MONITORING METHODS IN THE N.E. DERBYSHIRE AREA

(i) Lead

The nearest to an ideal system for monitoring metal particulates
in air, is ome involving thé filtration of a measured volume of air,
followed by the anélysis of the filtered particulate matter, Because
of the availability of apparatus used in the National Survey of Air
Pollution (Warren Spring Laboratory, Department of Scientific and
Industrial Research)36, it was decided to utilise this with a.
carefully selected filter medium, which could be-used with brass filter

clamps.

When measuring the concentration of suspended particulates in the
atmosphere, the collection efficiency of the filter medium, is of vital

importance38. Surveys of airborne metals have used a variety of

39,40,41

filter media Because of the desirability to use readily

available brass filter clamps, glass fibre papers are used.

Weekly samples are taken from each of the monitoring sites and

subjected to analysis by atomic absorption spect;ometry4l’12.

The method used is applicable to the measurement of
concentrations of airborne particulate lead found either in ambient or

industrial atmospheres,

(ii) Grit and Dust

Grit and dust deposition is monitored at a number of locations
throughout the Area by the British Standard Deposit Gauge and the

Directional Deposit Gauge.

42

The British Standard Deposit Gauge is shown in figure 2.
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Solid matter is collected in a hard glass bowl of known diameter
(about 315 mm). It either falls or is washed by rain through the
central outlet into a large capaéity polythene bottle. On the first
day of each calendar month the bottle is replaced and the contents are

examined.

Total undissolved deposits are measured and expressed as
milligrammes per square metre per day; pH, dissolved matter, ions,
conductivity and ash from combustion of insoluble material may also be

determined.

The Directional_Deposit Gauge43 (see figqre 3), consists ofié o
cylinders (0.6 m long) mounted vertically. The upper ends are sealed
and a section is cut from the side of each“;ylinder to form a vertical
slit. . Solid matter entering the vertical slits is collected in jars
fitted to the base of each cylinder. The amounts of undissolﬁed matter

are determined for each cylinder, usually monthly, allowing directional

comparisons. to be made.

(iii) Sulphur Dioxide and Smoke

-

Daily measurements are made at seven sites within the Area using
the National.Survey Volumetric Gauge36’37 (see figure 4). This is
the most common method of measuring smoke and sulphur dioxide used in
in this country., Measurements are taken over 24 hour periods. Smoke
is measured by drawing approximately 80 litres/hour of air through a
filter péper. The area of paper exposed to the passing gas can be
varied (25 mm, -50 mm and 100 mm diameter filter clamfs are available),
depending on the degree of pollution., Particles are filtered out and
the intensity of the stain is defermined using a reflectometer. The
density is equated against a standard volume of air and results

expressed as microgrammes per cubic metre.
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Sulphur dioxide is determined by bubbling the already filtered
air through a Drechsel bottle containing a solution of hydrogen
peroxide, which reacts with sulphur dioxideﬁb form sulphuric acid. The
atmospheric concentration of sulphur dioxide Cug.m—3) is determined

by titrating with a standard solution of sodium borate.

(e) AIMS OF THE INVESTIGATION

Atmospheric pollution monitoring began in the last century but
the first major survey took place in Leicester, Engléndzin 1937 - 39.
Some fiftéen monitoring Stations were operated in that city. Beginning
in the 1950's, urban air quality networks were established in many
Alarge‘cities of the world. Although the monitoring programmes were
modest at first, theré have been subseqﬁent increases'inbstation
densities and in numbers of pollutgnts sampled. Some networks are now
operated in real time at capital costs of hundreds of thousands of
pounds and require trained technicians for maintenance and computer
analysis, and professional staff for interpretation.

In common with many Local Authorities in the United Kingdom, the
pollution monitoring nétwork of the North East ﬁerbyshire District
Council has grown gradually since the early 1950's. Monitoring sites

were established for a number of reasons:-

(a) To demonstrate reductions in the atmospheric
concentrations of smoke and sulphur dioxide
following the establishment of smoke control

areas.
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(b) To monitor specific pollution sources e.g.
industrial processes, boilerhouse chimneys
etc.,

(c) To provide data for the National Survey ofv
Smoke and Sulphur Dioxide, co—ordinated b§ the
Warren Spring Laboratory.

(d) To establish prevailing atmospheric concentra-
tions of lead in different parté of the N.E.D.D.C.
area, especially in school playgrounds.

(e) To provide information on the environmental
impact of large scale new open cast coal mining

sites.

Many of the monitoring sites are still ﬁaintained, although the
need for the data they now provide is questionable. Some monitoring
sites are in established smoke control areas and industrial zones where
the results indicate that air quality has improved or that nuisance is
not being caused. In some cases the wroﬁg type of gauge is being used;
the British Standard Deposit Gauge for directional dust sources. Much
of the data currently being obtainedvis not beiné interpreted and is

merely filed and forgotten!

Some of the data can be used to establish relationships between
pollution levels and meteorological parameters., Data from British
Standard Deposit Gauges may be used to investigate the increasing

acidity of precipitation.
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Another factor is the finmancial implication, which in the case of
LocalAAuthority activities has now become increasingly important. The
costs of operating (excluding the initial capital expenditure, and
equipment replacements) a gauge at a smoke and sulphur monitoring site
may be conservatively estimated at £600 per annum. N.E.D.D.C.

currently maintains seven of these gauges.

The conditions at the time when many of the monitoring sites wére
established has changed. The gross effects of air pollution which
prevailed in the 1950's have largely been controlled. There is a
general consensus in this country that the emphasis in air pollution
administration has shifted from one of pollution prevention to that of
air quality management. All new_ﬁotential air pollution sources

. .
require statutory approvals from either Local or Central Government
Inspectorates. These approvals contain specific conditions which

1. Large populated areas are, in

1

regulate emissions to atmosphere
general, within smoke control areas” and. emissions of smoke to
atmosphere are prohibited. Emissions from existing industrial-

processes have been subjected to increasingly more stringent statutory

control.

One - approach to air -quality management has been that of pollution

- x

wprediction By deVelbping a ‘model Eased on meteoroldgicél paféméters,

‘emission inventories and conditions. within the atmospheric boundéry
layer. 'In fhe N;E.D.D.C.'area this approach is inapﬁropriate; An
advaﬂced model for ‘the ﬁrediction of sulphur dioxide and smoke
concentrations, would be unlikely to forewarn the local authority of

" levels which would constitute a hazard to health. The land use in the

area is stable, and if any significant changes did occur in the

_~28_



enission inventory, they would be far more readily detected by the
local authority through its area administration function (routine
inspections and visits made by environmental health officers, building
Surveyors or applications for statutory approvals) than by a complex
prediction model, The financial resources re§uired to maintain and
operate such an ongoing model would be hard to justify; the»capital and
running costs of éperating an acoustic sounder, or the employment of
staff required to update an emission inventory. Simplified models,
however, have been developed for some areas of this country and

d46’47’48. They tend to be specific to the modelled area and

abroa
produce approximate predictions-of ground:level‘concentrations of
sulphur dioxide and smoke. Such a model, if developed for the

N.E.D.D.C. area could be used to indicate approaches to the European

Community Limit Values.

To fulfil thé air quality management function of the N.E.D.D.C.
would involve the establishment of a monitoring and modelling technique
for the determination and prediction of ground level concéntrations of
sulphur dioxide and émoke in the populated areas of the district, a
technique for the evaluation of localised dust s;urces, determination

of trends in precipitation acidity and the monitoring of levels of

atmospheric lead.

The.a{ms of this investigation_were therefore -to develop a
rationalised network of pollution monitoring sites and to apply the

results to various new and developed methods of data evaluation.

This involved
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(a)

(b)

(c)

(d)

(e)

The establishment of a representative monitoring

" network for the determination of ground level

concentrations of sulphur dioxide and smoke.
bevelopment of a model, based on measured
pollution levels to establish a correlation field
to predict ranges of pollution levels at various
sites using data from one reference station.

An examination of current passive monitoring

techniques used to determine deposition of

atmospheric lead, and an investigation of other
methods of quantitatively assessing atmospheric .
lead concentrations using passive ménitors.
Development of a model -for the interpretation

of the results from directiohal dust gauges
mo?itoring localised sdurces-ofvparticulates,
based on meteorological paraﬁeters and an
investigation of gauge performance.

Evaluation of precipitation acidity data which
has been collected in the area since 1950 and

establish a long term, representative monitoring

programme.
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(a) SPHAGNUM MOSS

(1) Introduction

Mosses have been increasingly studied in connection with air

o 49

pollution over the past ten years. Tamm showed that epiphytic

mosses derived all of their nutrients from the atmosphere, Ruhling and

Tyler50 detailed the ability of woodland moss to obsark  calizag seiachueES

51 showed that the éation

> from dilute solutions. Clymo
exchange capacity of bog moss was dependent on the chemical nature of
the moss, which varied from species to speéies, with the pH of the

- rooting medium and with the nature and concentration of the cation.-

Initial studies proved that freely growing indigenbus mosses
accumulate greater quantities of heavy metals from the atmosphere
around emission sohrcgs than elsewhere aﬁd that they can be used to
indicate zones of high and low heavy metal contamination52’53’54’55

56. Indigenous moss cannot, however, give precise information on

heavy metal deposition as the length of exposure is not known.

Further studies, using samples of fresh, washed (in nitric acid)

moss exposed in nylon mesh bags have provided indications of levels of

atmospheric heavy metal concentrations56’57’58’59’60.

The aim of this part of the project was to irwehipka - iListee. the
performance of sphagnum moss as a passive heavy metal monitor and to

attempt to correlate deposition rates on moss with atmospheric

concentrations.
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Previous work by Tranmer41

indicated thgt there was an apparent
correlation between airborne lead concentrations, as measured by air
filtration, and lead deposition on sphagnum moss (Table 1 and figure
5).

Little and Martin59

s concluded in their paper that work was
currently in progress to calibrate sphagnum bags quantitatively against
standard deposit gauges and other sampling techniques, but any results

from these experiments are not yet available,

G.T. Goodman et al.58

investigated the relationship between
atmospheric heavy metal concentrations and deposition rates of heavy
metals on sphagnum moss bags. They concluded that air concentration

sampling (air filtration at 5_1.m:’Ln"l

with no particle size
separation) was, ;p comparison with moss bag sampling, unbiased, as
moss bags tendedvto uhde;sample in the intermediaté particle size
range, 2.0 - 0.1_um. This, they concluded, was why they could find no

linear relationship between deposition on moss bags and air

concentrations measured by air filtration.
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TAELE 1. 1033 ZAG ALD FILTER GAUGE RISULTS AT TRANEZHS

STATTONSMT .
SITE JUNE 1978 JULY 1978 . AUGUST 1978
1
¥0SS FILTZR  MOSS FILTER  MOSS. FILTER
3 2.8 1.0 1.6 0.9 1.9 0.9
25 1.4 - 0.8 0.8 0.7 1.8 1.0
27 Le9 1.2 2.4 0.7 Lol 1.8
29 2.4 0.8 1.1 O.4 NR 1.1

-1
* pg.g .day

' pgem™
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(2) Experimental - Analysis

(i) Reagents

All chemicals were obtained from BDH Chemicals, Poole, Dorset.
Nitric acid, concentrated AnalaR grade. Distilled and distilled, de-
ionised water were obtained from laboratories at Sheffield City

Polytechnic and North East Derbyshire District Council,
(ii) Procedures
Digestion

Samples of exposed and unexposed mosses were placed in previously
dilute acid washed pyrex beakerst A 1:1 solution of nitric acid and-
distilled de—ionised water w;s prepared and 100 ml., was added to each
sample in the beakers, The samples were boiled and simmered to a
reducgq volume, allowed to cool and the digest made up to either 25 ml.
or 10 ml. with distilled de-ionised water. All glassware was rinsed in
Qilute ébid prior to use. No filtration was carried out. Small

" amounts of silica: settled to the bottom of the ‘flask.
Analysis of Digest

- Total-lead concentrations were determined.by atomic absorption
spectrometry., More than one type of instrument was used during the

.'investigation.J‘Héllow catﬁode lémps were used .and the powerésuppli set
in accordance with the instrument manu;acturers recommendations.
Instrument wavelenéths, slit widths and flows of fuel (acetylene) and
air to the nebuliser were in each case detailed in the instrument

manual, Signals were displayed on either digital or analogue displays

which were damped or integrated prior to them being displayed.
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Calibration standards were prepared to interpolate the instrument
signals and at least five (depending upon digest volume) aspirations of

each digest and standard were obtained and means determined.

(3) Experimental — Sample Pre—treatment and Exposure

(i) Hair Net Monitors

An initial investigation of the reproducibility of the moss bag

59

technique was performed., Little and Martin also investigated this

reproaucibility, see Table 2.

They concluded that the coefficients of variation were within

acceptable limits, although they were all in excess of 10%.

62, using a similar moss monitor, exposed five moss

Thorpe
samples, in hair neté, in close proximity to each other for monthly
periods. He found an average coefficient of variation of 35% and

concluded that the value was rather high and must also cast doubt on

the precision and, therefore, the validity of the moss bag monitor.

Investigations of the reproducibility of the moss bag technique in
the literature are scarge, whilst surveys and monitoring exercises

using the technique are legion.

The simple and inexpensive technique described by Little and
Martin®? for monitoring heavy metals using sphagnum moss was
initially investigated; This technique, with slight variations, has

been used in many other published report555’56?62’63’64.
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TABLE .2. QUANTITIES OF METAL COLLECTED BY SIX REPLICATE

'MOSS BAGS 29

Zni- Pb'l- o ‘ Cd**

1270 47.5 1932.0

179.0 67.6 3129.0

162.0 55.7 2655.0

166.0 70.7 2841.0

152.0  64.9 252640

143.0 49.1 2295.0

X 155.0 59.3 2563.0

S.E. 7.53 4,03 171.0
_Coefi_’_icient of variation. o )
16.7% 16.3% ./

o 11.9%

-1 -
* pg.g “.day l.

*% ne g .day~t,
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Initially six samples of washed moss (20 g) were each placed in a
nylon hair met and suspended from a rack, 200 mm apart, over a known
source of atmospheric lead (Council House Car Park, Saltergate,

Chesterfield).

The moss samples were exposed for 33 days and then digested in 1:1
 AnalaR nitric acid, distilled de~ionised water and analysed using

atomic absorption spectrometry. The results are shown in Table 3.

~

These initial results showed little consistency in deposition of
lead on adjacent samples of moss. The results did, however, suggest a

spatial bias from sample 1 to sample 6.

(ii) Flat Nylon Mesh Envelopes

In an attempt to standardise the available area of exposed moss,
Goodman et al.65 used a flat nylon mesh envelope containing washed

moss. No information was given of results from replicate monitors.

Temple et al.66 used washed moss mounted in 2.0 mm polypropylene
mesh envelopes 150 x 650 mm. They found a coefficient of variation for
lead deposition in replicate envelopes, exposed for 30 days at the same

location, near a lead source averaged 13.5% over a three month period.

To investigate the performance of replicate monitors and also the
spatial bias suggested by the hair net monitors, 12 monitors were

exposed, on the rack at Chesterfield. ) -

The monitors and moss pre-—treatment were the same as used by

1.65

Goodman et a . Sphagnum moss was collected from a rural area of
Derbyshire, away from industrial activity and roadways. Following

three washes in 0.5N nitric acid for three days, the moss was washed
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TAELE .3, QUANTITIES OF LEAD COLLECTED BY SIX REPLICATE
MOSS BAGS.

Calib. Moss Wt. of  Instrument Conc., Pb Mass of pg Pb.

' Stds. Bag moss signal” in digest Pb . g_lmoss
(p.pem.) No. (g) (pepem.) (pg)
1 0.70 034 . 2.7. 27 39
2 0.76 0.24 1.9 19 25
3 0.70 0.22 1.8. 3. 26
L 0.83 0.2y 1.9 19 25.
5 0.70 0.2y . 19 19 27.
- 6 0.71 0.16 .. - 1.3 12 18
2 0.25 :
5 0.59 .
10 : 1.18
% ' 26
SD 6o ks
% RSD o | SRR 24.5

* Average of 5 aspii"ations
Digest volume = 10 ml

~
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three times in distilled de-ionised water, surplus water removed and
the moss mixed to obtain as homogenous a material as posSible,
approximately 20 g was then sewn into flat 100 x 100 mm nylon mesh bags

of approximately 2 mm mesh size (Henry Simon, type 28 GGN61);

Moss monitors number one to six were periodically re-—arranged to
" negate any spatial bias, whilsﬁ number seven to twelve remained in
their original positions. Aftér 49 days exposure the samples were
removed for analysis (hot digestion'in nitric acid: distilled de-
ionised water followed by atomic absorption spectometry). .The results

_are shown in Table 4.

The six monitors which were periodically "shuffled" and the six

which remained in situ on the frame showed no spatial bias.

Further sets of six envelopes containing moss were exposed for
approximately one month momitoring periods:“ The results are shown in-

Tables 5, 6, 7, and 8.

Results from thesé sets of rgplicate mqnitors showed‘poor
percentage relative standard deviations (Z%RSD). Simultaneous sampling
of air at both ends of the rack thfough separate’filters.indicaEed |
that there was no significant lateral stratification in atmospheric

lead concentrations in the vicinity of the moss monitors. (Table 9).

(iii) Homogenised Moss

Ruhling et al.”? concluded that the ability of moss to

accunulate metal ions increased with its age.

To investigate this claim, samples of moss were obtained from

within a 100 metre square area which was remote from industrial land

- 4] -



TASLE L. QUAKTITIES OF LEAD COLLTCTSD BY TWELVE RIPLICATES
1055 ENVELOPES.
Calib, Moss Wt. of Imst. Conc. Pb Mass  pg Pb. R5 Pb.
Stds. Env. Moss Signal* in digest Pb g-lmoss cm™2
(p.pem.) No. (p.p.m.) ( pg) exposed
noss
1 0.78  0.82 5.0 130 "170 1.3
2 0.48  0.53 3.2 80 170 0.8
3 0.69  0.66 3.9 100 170. 1.
L 0.61  0.83 5,0 130 210 1.3
5 0.57 0.69° k.2 110 220 1.1
6  0.59 0.61 3.7 91 . 150 .91
7 0. 61 0.89 5.5 140 230 1.4
8 T 0.67  0.81 5.0 130 190 1.3
9 0,71  0.80° 4.8 120 170 1.2
10 0.58 0.85 5.2 130 220 1.3
11 0.57  0.76 S 120 210 Y-
12 0.76  0.83 5.1 130 170 1.3
2 0.3l | ’
5 0.83
10 1.53
X 190 1.2
SD 25.3
Z RSD iZ.L 25.53

* Average cf 5 aspirations

igest volume = 25 ml



—t

TABLE 5. REPLICATS MOSS EZNVZLOFZ RISULTS (52 DAYS )

Calib. Moss VWi. of Inst. Conc. Pb Mass Mg Pb. pug Pb.

Stds. Env. Moss Signal* in digest Pb g‘lmoss cm
(p.pem.) No. (g) (p.p.ms) ( pg) exposed
' noss
1 0.63 0.22 1.0 25 LO ©0.25
2 1,03  0.22 1.0 25 2L 0.25
3 0.98  O.b4l4 2.0 50 51 0,50
A 0.75 0.22 1.0 25 33 0.25
5 0.78  0.22 1.0 25 32 0.25
6 0.68  0.22 1.0 .25 39 0.5
2 Co.LlL : -
5 ' 1.1 '
10 2.1
% ) -36.5 O.L
3D 8.3 0.1k
% RSD _ . 22.8 35

* Average of 5 aspirations

Digest volume = 25 ml
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TABLE 6. REPLICATE MOSS EZHVELOPE RESULTS (_28 DAYS ).

Calib. Moss Vt. of Inst. Conc. Pb Mass ME Pb. nug Pb.

Stds. Env. Moss Signal* in digest Pb g"lmoss cm ¢
(p.p.m.) No. (&) (pepem.) ( pg) exposed
. moss

1 0.77 0.12 0.8 8.5 11 0.85
2 0.80  0.37 2.4 24 30 0.24
3 0.77  0.28 2.0 20. 26 - 0.20
L 0.93 0.28 1.9 19 20 - 0,19
5 0.80  0.84 6.9 69 86  0.69
N 6  0.88 0.79 5.8 58 - 66 0.58
2 ‘ : 0.29 ~
5 0.76
10 | 1.2 -
X 39.8. . 046
S 18.9 0.26
% RSD o _ | | 47.3 5647

* Average of 5 aspirations

Digest volume = 10 ml.
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TABLE 7.

REPLICATE MOSS ENVELOPE RESULTS (_29 DAYS ).

. ¥* % %* %
Calib., - Moss Wt. of Imst. GConc. Pb Mass pg Pb. . pg Pb,
Stds. ~ Env. Moss Signal® in digest Pb g tmoss cu >
" (pepem.) No. ( g) (p.pems) ( pg) exposed
moss’
1 0.85 0,58 . 6.k 6~ . 0.53  0.45
2 0.81  0.42 5.0 -« 50~ 10.39 0.32
3 0.78  0.43 5.0 50 . o.l  0.32
L 0.77  _0.48 Seb 5L . 0.47 - 0.36
5. 077 038 Ly bh e O3h . 0.26
6 0.63 0.7 53 55 0.6 0.38 -
Control 0.88 - 0.2y 1.8 . 20 .. = . -
, o1s T s
5 O lsly
10 0.83
x 0,46 - 0.35°
- 8D 0,09 ' 0.069
% RSD 19.7 . 19.90

- ® Average of 5 aspirations

*%* Corrected for control

Digest volume = 10 ml‘}

L5 -



- N N * ¥ 3
Calib. Moss Wt. of Inst. Conc. Pb  lHass  pg Pb. jig Pb.
] Z

Stds. Env. Moss Signal in digest Pb g “moss cm
(p.pems) No. ( g) (pepem.) (pg) ‘ exposed
mosSsS
1 0.6 1.7 1.6 5 53 0.38
2 0. 64 1.9 1.8 L5 65 0.42
3 0.89 1.3 1.7 L3 Ly . 0.38
L 0.66 1.7 - - 1.6 L 56  0.37
5 0.85 1.7 1.6 40 o Lh2 . 0.36
6 1 0.55 N O 33 55 . 0.30
Control 3.83 1.1 0.8 .. 20
1 T 1.2 :
2 2.4
5 5.5
10 11.7
X oL C.07
SD 13 0.036
% RSD 25 2.7

* Average of 5 aspirations
** Corrected for control

Digest volume = 25 nl
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TABLE 9. RESULTS OF SIMULTANEOUS AIR FILTRATION SAMPLES
FROM EACE ERD OF THE MOSS FRAME.

Calibe. Filter Inst. Conc. Pb Mass JAdr wvol., Atmos.

- Stds. No.  Signal in digest Pb filtered Conc.
(Pepem.) (pepem.) (pg) ( m® ) - (pg Pb.
=3
1 0.22 1.25 . 12,5,  37.88 0.33
2 0.23 1.25 - 12.5 36.76 0.34
1, 10.19 1.08  10.8 34,68 0.31
2 - 0.19 1.08 10.8 35.83 0.30
l 0.18
5 0.83

* Average of 5 aspirations
Digest volume = 10 ml
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use and roads. Moss samples at different stages of growth were
selected and sorted into four age groups, sample one being the youngest
and sample four the oldest. The samples were rinsed with dilute acid
to remove adhering particles and their lead'coﬁtent determined. The

results are shown in Table 10.

The results tended to confirm the findings of Ruhling et al.52.
To investigate whether the lack of consistency in replicate moss

monitors was due to the monitors containing a bias of younger or older

aged moss the following experimental steps were taken.

(1) Several kilograms of_sphagnum moss were collected
from a bog in Derbyshire, remote from industry or
roads. | |

(2) The collected moss waé carefully sorted, grass and
extraneous maggrial was removed and the top 5 cm of
each moss strand was sélected. The :sorted moss was
manually mixed and a one kilogram sample was obtained
by standard<division.

(3) The moss was washed three times, over three days in
0.5 AnalaR nitric acid and finally rinsed in
distilled and de—ionised watér.

(4) The moss was finally placed in a food blender for
30 seconds.,

(5) Samp%es of homogenised moss were spread over circles
of Whatman number 41 filter paper which had been
placed in the bottom half of a sterile plastic petri
dish %pd cover. The dishes had four drainage holes
drilled in them to prevent the samples becoming water
logged. The surface area of the exposed moss samples
was 63.6 cm-.
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X,

TABLE 10. FOUR DISCRETE ACID WASHED MOSS SANPLE. RESULTS.

Conc. Pb

Calib. Moss Wte. of Inst. Nass  pg -
Stds. Sample Moss Signal* in digest Pb ‘ Pb.g—l
N (.p-P.m.) I\‘-o. ( g ) t - ‘(P-P-m-), (_ }18 ) moss
1 1.22 C.35 0.32 <~ 8 7 h
4 0.82 0.75  0.71 . 18 22
2 1.56 0. 60 - 0.59 15 ‘10
3 1,02 0.60  0.59 15 15
1 4 1.10
2 ) 2.35
5 ‘ 5.45
X 14
SD 5.7
% RSD 40,7

* Average of 5 aspirations
Digest volume = 25 ml
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(6) TFour petri dish monitors were separately
placed in the previously used nylon mesh
envelopes and mounted horizontally, 200 mm abart
on the monitoring rack. A fifth monitor was kept

in an air tight container as a control.

The monitors were exposed for 34 days, oven dried, weighed,
digested and analysed using atomic absorption spectrometry. The results

are shown in Table 11,

A further set of monitors were exposed for 39 days, the results

are shown in Table 12.
The replicates showed poor consistency -in lead deposition.

(iv) Sintered Glass Funnels and Diffusion Tubes

’During the exposure periods of the pgtri dish mounted moss
monitors, siﬁgle monitors, of a different,ﬁype wéré secured to the
rack. They consisted of aLsintered_glasé_fuﬁnel and a long tube. A
sample of mbsé,(homdgenised) was placed on the top of a 60 mm diameter
giass siﬁter Qithin a giaéé funnel. Attached.to.fhe ;op of the;funﬁei
was.a 400 mm.long tube., The top of the tugé Qas covered with.a 90 mm
,diameter;invevted petri dish,‘jiheacover was ;raised to éllow a lg-mm-.
. gap betwéen the betri dish base and the tube.fop. |

-

The lead depositions for?phése monitors which were exposed
concurrently with the petri dish monitors were 1.27 ug.Pb. em™2
(Table 11) -and 0.58 .ug.Pb. cm."'2 (Table 12). Both depositions'were

significantly higher than those of the petri dish mounted samples.
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TABLE 11. REPLICATE HOMOGEXNISED MOSS SANMPLES OX PETRI DISH
MOUNTS (_34 DAYS ).

X% * x
Calib.  Moss Wt. of Inst. Conc. Pb Mass pug Pb. g Pb.
Stds. Sample Moss. Signal* in digest. Pb g-lmbss cm”
(pepem.) No. ~ ( g) (p.p.m.) ( pg) exposed
moss
1 0.92 1.40 1.33 33 23 0.2
2 1.08 0.95" 0.90 23 8 0.1
3 1.56 0.40 0.43 10 - - -
L 1.22 . 1.25 1.19 30 ¢ 12 0.1
Control = 1.02 0.50 =~ 0.49 13 .
1 _ o 1.10
2 - | 2.30
5 C 5.63
x 1L 0.13
SD_ Ce7 0.07
% RSD L1 5k
* Average of 5 aspirations

*% Corrected for control
Digest volume = 25 ml



TABLE 12. REPLICATE HOMOGENISED MOS3 SAMNPLZS OIr PEZTRI DISz
MOUNTS (

Calib.  Moss = Wt. of Inst. Conc. Pb MNass pg Pb. jig Pb.
* - - -
Stdse. Sample Moss. Signal in digest. Pb g 1 . cm 2
(pep.m.) No. (g) (pepem.) (pg) moss  exposed
moss
1 1.28 0,18 l.4 35 14 0.18
2 1.15 0. 1.5 38 20 0.24
3 1l.13 0.62 5.0 152 122 1.38
L 1.57 0.2 1.6 40 13  0.20
Control ( from results in Table 11. ) 12
1 0.11
2 0.23
5 0. 62
X L2 0.5
SD L6 0.5
% RSD 110 102
* Average of 5 aspirations

* % Corrected for control

Digest volume = 25 ml
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No relevant published information on this development of moss
mounting was revealed during the literature survey, although some
papers suggested that collection by a diffusion process may be

applicab1e67.

To investigate the apparent increased deposition due to a

diffusion process, the following experimental steps were taken:-

(1) Several kilograms of sphagnum moss were
collected from a bog in Derbyshire, remote
from indpstry or roads.

(2) The moss was carefully sorted and the top 5 ém‘
.of each Strand selected. A one kilogram sample

.was obtained by standard divisiom. |

(3) After acid washing, rinsing'and blending to
homogenise the moss, it was oven dried to a
coﬁstaﬁt weight, T

(4) Because the ratioé of weights and available surface
area of the exposed moss may have been affecting
the replicate results, equal pre-weighed sémples
of dried moss were preparéd.

(5) Six samples of dried moss were obtained by a
standard division., Each of the six samples were
divided into two, one half was exposed and the
other half retaiﬁed in separate air tight
containers as controls.

(6) The samples for exposure were wetted with 50 ml
distilled, de-ionised wéter after béihg placed

in the sintered glass funnels. The 400 mm
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diffusion tubes and petri dish covers were
attached and the monitors fixed to the rack.
The rack was positioned at a heighf of two metres
above ground .level in transport depot yard.

(73- The samples were exposed for 22 days. The

results are shown in Table 13.

Again, the deposition of lead on replicate samples showed little
consistency. The controls also displayed differing lead

concentrations.

A further sample of moss was obtained from the remote Derbyshire
bog and a similar pre—treatment and analysis carried out as outlined

above but with the following changes in procedure:-

(1)' Ten -grams of dried, unwashed moss was placed A .
in- the biendér for one minute with 300 ml Co-
distilled de—ionised water. The individual moss
particles, from microscopic examination were less
than 1 mm in length.

(2) The moss was dried to a constant weight.

(3) Samples (0.5g) were digested, simmered for omne
hour and the digest made up to 10 nml,

(4 The results from the three samples analysed aré

shown in Table 14.

Following these encouraging results, a further set of samples were
prepared and analysed using the same technique. The results are shown

in Table 15.
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TABLE 13, REPLICATE 1JUSS SAMPLsS EXPOSED IN DIFFUSICN TURES FOR
22 DAYS,

Aquired Agquired
Calib., Moss Wt. of Inst. Digest Comc.Pb MNass pg Pb. ng Pb.

Stdss  Samp. Moss. Sig. Vol. in dig. Pb g cm”
(pepem.) No. ( g) (ml ) (p.pem.) (pg) moss exposed
' moss

1
Exposed 0.72 1.5 21.0 1.3 27 21 01y
Blank  0.77 0.7 20.0 0.6 13

)
Exposed 0,77 0.7 26.0 0.6. 17 .
Blank 0.705 0.8 29.0 0.7. 20 -

3 p
Exposed 0.75 1.5 12.0 1.3 16 3 0.03
Blank 0.74 0.7 21.0 0.6 13 -

" _
Blank 0.75 1.0 11.5 0.9 10

5
Exposed O0.74 0.7 12.5 0.6 8
Blank 0.75 O.6 18.0 - 0.6 11

z :

Zxposed 0.79 2.0 24.0 1.8 L3 22 . 0.2
Blank 0.73 1.0 25.0 0.9 23

1 ' 1.1

2 2.3

5 5.4

* Average of 5 aspirations

Area of glass sinter = 28.27 cm®
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TABLE 14. REPLICATE UNWASHED MOSS SAMPLE RESULTS.

Calibe. Moss Wt. of Inst. Digest Conc.Pb Mass pg

Stds. Sample Moss. Signal Volume in dig. Pb Pb.
(popem.) No. (e) (ml) (pepem.) (pg) g™
moss
1 0.50  0.10  26.0 3.1 79 158
1 0.50 0.10 ° 26.0 = 2.9 77 150
1 0.50 0.10. 26,0 3.0 78 156
2 0.50 0,09 32,5 2.3 . 75 150
2 0.50 - 0.09 : 32,5 = 2.7 88 176
2 0.50 0.09 . 32,5 2.8 ° 8 178
'3 0.50 - 0,10 - 25.0  3.1- 76. 152
3 0.50 0.1 25.0 3.2 80 160
3 0.50 0.1. = 25,0 3.1 78 156 .
5 0.16." »
10 0.35
20 0.56
x 160
SD : 15
% RSD 9.5

* Average of 5 aSpirations

~
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- TABLE ,15, REPLICATE UNWASHED }MOSS SAMPLE RESULTS.

Conc.Pb

Calib. - zd;; Wt. of Inst, Digest Mass ‘Fflpb'
© . Stds. . Samp. Moss. Sig. Vol. in dig. Pb g~
(p.vem.) ;No.v’_( g ) (ml. ) (pepem.) (ng) moss.
1 0.5 5.2 27.0 2.8 76 152 °
2 0.5 3.2 4.0 187 8 . 164
| 3 0.5 5.2  26.0 2.8. 73 146
R b 0.5 8.9 140 48 . 6 134
5 0.5 5.0 24,5 - 2.7 675 13y -
6 0.5 9.0 140 4.8 67 134
? 0.5 5.5 24,0 3.0 . 72 7 .1y
5 9.5 | |
10 18.5
20 35.5
X lhh-wﬂ#:/]
8D 10.5
% RSD 7.3

* Averanre of 5 aspirations



Again, samples of moss were exposed, in the sintered glass,
diffusion tube monitors. The moss, prior to exposure was acid washed,
- rinsed, homogenised to less than 1 mm particle size and oven dried to a
constant weight. The results, after 21 days exposure are shoﬁn in
Table 16, As can be seen from the table, all results were towards the
lower énd of the analytical working range. A modificatibn to the
method of moss exposure was subsequéntly introduced in'an attempt to

increase deposition levels., ' ' -

It was noted that during the monitoring periods, the moss saﬁples
on the glass sinters were drying. In order to maintain a damp moss on
the sinter, which may be more receptive than dry moss, the bottoms of
the funnels were fitted with bungs. Before exposure 10 ml of distilled
de-ionised water waswpéured info—;ééh fuﬁnel. The reéults-after 29
‘days exposure are shown in Table 1?. Monitor nuﬁber three'spowed é

concentration of lead near that of the control sample.

A further set of monitors were prepared and the following

experimental steps were taken:- '

(1) Several kilograms of sphagnum m;és were
collected from a bog in Derbyshire, remote from . - L
industry or roads.

(2) The mosg was carefully sorted and the top 5 em
of each strand selected. A one kilogram sampie
was obtained by standard division.

(3) After acid washing, rinsing and blehding to
homogghise (less than 1 mm particle length) the

moss, it was oven dried to a constant weight,
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TABLE .16, REPLICATE DIFFUSION MONITOR RESULTS.

Calib, Monitor Vt. of Inst Conc. Pb Mass Pb png Pb.
Stds. Number. Moss. Signal* in Digest. ( pg ) g-l
(pepoms) (g) (epems) moss.
1 0.5  0.98 0.9 9 14
2 0.5 0.92 0.9 9 1y
3 0.5 0.87. 0.9 9 1t
L 0.5  0.87 0.9 9 14
5 0.5  0.95 0.9 9 14
Control 0.5 0.12 0.2 2 -
2 2.50
| 5.00
8 11.50
X 1y
* Average of 5 aspirations

* % Corrected for control

Digest volume = 10 ml
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"TASLE 17. REPLICATZ D2IFFUSION IONITOR REZSULTS.

Calib. Momitor VWt. of Inst Conc. Pb Mass Pb pug

~ Stds.  Number. Moss. Signal* in Digest. ( pg) Pb.g"1
S - : * %
(p.pem.) ( g) i ' (p.p.m.) moss
1 0.5 0.034 2.1 . 11 13
2 0.5 0.035 2.1 . 1 13
3 0,5 0,015 0.9 = .5 2
4 0.5 0.032 1.8 9 - 10:
control =~ 0,5 0.013 . ~ 0.8 4 -
1 . 0.017
- 5 0.081
10 0.163
X , 9.5
SD ’ \ Le5
% RSD ' - 47
: : \
* Average of 3 aspirations 2

bl Corrected for control

Digest volume = 5 ml

)
)
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(4) Three sintered glass funnels were carefully
waghed in dilute HNO 5 and rinsed in
distilled de-ionised water.

(5) Moss (approximately 0.70 g) samples were
placed on circles of Whatman No. 1 filter
paper within the‘sintered glass funnels. The
moss was wetted with 50 ml distilled, de—ionised

water.,

-
4 -

(6) The bottoms of the funnels were fitteq;ﬁif
bungs and 50 ml of diétilled de~ionised water
poured onto the moss within the funnel,

(7) Three samples of unwashed moss were prepared
in an identical way and exposed next to the
washed moss monitors. -

(8) Two samples each of washed and unwashed mbss
wét; sealed in airtight containers and their
lead content determined. The results are shown
in Table 18.

(9) The moss monitors were exposed for 38 days. The

results are shown in Table 19.

The exposed moss samples remained saturated throughout the
monitoring period. Any distilled de-ionised water which was left in
the stem of the funnel was included with the moss during the digestion

Step.

The spectrometer signals obtained during the analyses were
significantly higher than those previously obtained and were within the

calibration signals (except for one of the unwashed moss monitor

-
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TABLE 16.

UNpXPOSZD WASHZD AND UNWASEZD &

OSS RESULTS.

100G TISED

Calib. iioss Wt. of Inst, Conc. Pb Mass Pb s
Stds. Sample lMoss. Signal* in Digest. ( ps ) Pb.
(p.pom.) ( 5) (Pepem.) gt
moss
Wl 0.70 0.009- 0.9 9 13
W2 0.78 0.009 0.9 9 12
Ul 1.00 0,071 7.6 76 76
U2 1.00 0.077 8.2: 82 82
1 0.008
2 0.019
5 0.047
10 0.089
* Average of 5 aspirations
Digest volume = 10 ml

Moss sample W

Moss sample U

= washed moss

= unwashed moss
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TABLE 19. REPLICATE DIFFUSICON MONITOR RESULTS.

Calib. Moss Wt. of Inst. Conc., Pb- Mass Pb pe  Ps Pb.

Stds, Sample. Moss. Signal* in Digest. ( ug ) Pb. g-l
(p.p.m.) (g) (pepem.) g"l moss
moss
Wl 0.6 0.41 2.7 27. g2 29
w2 0.71 0.47 3 30. 42 29
V3 0.52 0.32 1.9 19 37 24
Ul 0.48 l.21° 7.8 78. 160 81
U2 0.57 1.51° 9.7 * 97 170 91
_ U3 0.73 2.05 1y 140 .~ 190 = 110
1 0.13
2 ‘ 0,31
5 0.82
10 1.58
* Average of 5 aspirations, except for calib, stds. = 3
*% Corrected for control ( see Table 18 )

Digest volume = 10 ml

Moss sample W washed moss

u

Moss sample U unwashed moss

re Pb.g_lmoss Viashed Moss (V) Unwashed loss (U)
x 27 94
SD 2ely 12
%R3D | 8.6 13
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results)., The amounts of lead retained by the monitors were also
significantly higher than previously obtained results. This may be due
to the continuously saturated state of the moss throughout the

nonitoring period.

(4) Discussion of Moss Monitor Results

The unwashed moss monitors showed an increase in lead: deposition
compared with the acid washed moss samples. This difference may be
explained by the acid wash disrupting the biological mechanisms

responsible for the epiphytic action of the moss.

Although increased attention to moss pre—treatment decreased the
_ percentage relative standard deviation of the replicate monitor
results, other factors require accurate determination before sphagnum
" moss may be used as a quantitative passive monitér. Moss is ' a
biological medium ahd its epiphytic capability will fluctuage with its

age, the time of year and its moisture content.

The effects of acid washing on the moss have been investigated and
although the lead content of the moss prior to exposure is reduced, its

ability to retain lead on exposure is impaired.

Sphagnum moss has been used to nﬁ;q&bbc%uuh&&.a¢t3; atmospheric
lead and it has been claimed that simultaﬁeous exposure of monitors
using moss from one source will provide comparative indications of
atmospheric lead levels at different monitoring sites. However, the
results obtained from experiments using replicate moss monitors must
cast doubts on the vélidity of using moss in such monitoring exercises.
WithouL accurate determination of the biological variables affecting;

the epiphytic performance of moss it is not possible to use moss as a

quantitative passive monitor.
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(b) PHYSICAL PASSIVE MONITORS

(1) Introduction

During the exposure of repliéate moss samples, moss in the
diffusiéﬁ tube monitor assimilated more lead than the conventionally
mounted samples. Using the diffusion tube monitors, chemical
substitufes for moss were initially ihvestigated. Two, low volatility
solutions containing dithizone were exposed in beakefs within the
diffusion tubes; liquid paraffin and ethanediol. Following exposure,
difficulties were encountered with analysis. The liquid paraffin was

too viscous to be satisfactorily asp&ated and the dithizone in

ethanediol interfered with the lead line signal.

The performance of a series of physical passive monitors were then

investigated.

(2) Whatman No. 1 Filter Paper

With experience gained using the diffusion tube monitors the

'biological monitor was replaced with a moist Whatman number 1 filter

paper.

(i) Experimental - Analysis

Reagents

e

All chemicals were obtained from B.D.H. Chemicals, Poole, Dorset.

Nitric acid, concentrated AnalaR grade. Distilled and distilled
de-ionised water were obtained from laboratories at Sheffield City

-

Polytehnic and North East Derbyshire District Council.
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Procedures

Digestion

Exposed and‘unexposed,filter papers were placed in previously
dilute acid-washed pyrex beakers. A 1:1 solution of concentrated
nitric acid and distilled de—ioniéed water was prepared and 50 ml was
addgd to each filter paper in the beakers. The contents of the beakers
werelboiled and simmered to a reduced volume, allowed to cool and ;he
digest made up to 10 ml with distilled de-ionised &ater. All glassware

was rinsed in dilute acid prior to use. No filtration was carried out.
Analysis of Digest

Total lead concentrations were determined by inductively coupled
plasma-optical emission spectometry (ICP-OES). ICP-OES is a direct\
reading spectrometerrsysfem using a microcomputer for data.collecéion
and éhalysis. A 2.5 kW crystal controlled R.F. generator operatiqg at

27.12 MHz provides energy to the plasma torch.

The plasma source is a plasma torch surrounded by a water cooled
induction coil. The R.F. generator provides energy to the torch and
creates a magnetic field. Argon gas is passed through the field and is
ionised to become plasma. Liquid samples are nebulised into a spray
chamber where a stream of argon gas carries the sample to the plasma.
The atoms and ions are excited to emit light at wavelengths

characteristic of the elements present.

The emitted light energy is then directed through the slits,
diffracted by a grating, refocussed on exit slits and.projected onto
photomultiplier tubes. Light energy is converted to electrical
signals, digitized and processed by microcomputer. The limit of

detection for lead is 0.025 p.p.m.
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he instrument was calibrated using a single known standard and

the slope of the calibration curve determined.

Repeated aspirations of each digest were made and the medn,
standard deviation and percentage relative standard deviations of the
signals determined by the micorcomputer linked to the plasma
spectrometer., These were manually calculated to checkifor

computational errors.

(ii) Exberimental - Exposure and Results

Initially the lead content of an unexposed filter paper was
determined. The filter paper was desiccated, weighed and digested.

The results are shown in Table 20.

Six filter papers were eprsed in the diffusion tube monitors.
The papers were placed'oﬁ the glass sinters and the funnels bunged.
The funnels were filled with distilled de-—ionised water up Eb the
underside of the sinter. The filter papers remained moist throughout
the monitoring period. After 32 days exposure the filter papers were
removed from the monitors, sealed in sterile (previously acid rinsed)
plastic petri dishes and covers and analysed using ICP-QOES. The

results are shown in Table 21.

A further set of four filters (two were lost during the exposure
period) were exposed in the monitors for 34 days. The results are

shown in Table 22.

These two sets of replicate cellulose filter paper monitors showed

little consistency in amounts of accumulated lead.
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TABLE 20, UNEXPOSED WHATMAN NO, 1 FILTER PAPER RESULTS.

Aspiration Conc. Pb Mass Pb
Number in Digest ( pe)
| (pepem.)
1. < 0,001 < 0,01
2 0,004 | 0,01
3 0.017 . ,0.17
L 4 0,001 <4 0,01
5 0.01 0.1
6 0,006 0,06
7 ' ¢ 0,001 < 0,01
8 < 0,001 & 0,01
*

X 0.05
SD. | 0.02
% RSD : L1

Digest volume = 10 ml

*Assuming undetected levels to be zero,
: , .

g -
-



:
S

3
=
92}
=
(]
n
}._J

o REPLICATE FILTZR PAPZR MONITOR RESULTS.

-

Fonitor Number Conc. Ph Mass Pb
: in D:Lgest.‘sH ( ps)
(pepem.) '
1 - 0.2 ) 2
2 < 0,01 <0.1
3 0.3 3
L 0.3 3
5 0.2 2
6 0.1 1
z 2.2
SD . 0.8
% RSD _ 36

Digest volume = 10 ml
*Assuming undetected levels to be zero.

*#Mean of eignt aspirations.

I
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TABLE 22. REPLICATE FILTER PAPER MONITOR RESULTS.

Monitor Number Conc. Pb , ’ Mass Pb

in‘D%gest.* _ ( ps )

:(P'Pom-) -
1 0.15 o 1.5
2 0,02 7 0.2
_ 3 0.05 0.5
e L 0.04 | ' Ouls
x 0. 65

Digest volume = lO.ml
*Mean of 8 aspirations



(3) Adhesive Tape Monitors

Using the same procedures outlined above in (2) (i), adhesive tape
("3m", 25 mm wide) passive monitors were investigated., Initially
unexposeéd sampies were analysed using plasma spectrometry. The results

are shown in Table 23.

Since the levels of lead in the adhesive tape were clearly low
samples were exposed in the diffusion tubes. Strips of adhesive tape
were mounted on cellulose filters to provide rigidity and prevent the

tape curling up in the monitors.

After 30 days exposure the adhesive strip monitors were removed
from the diffusion tubes, sealed in sterile (previously acid rinsed)
plastic petri dishes and covers and analysed using ICP-QES.

The results are shown in Table 24,

The results indicate that'very low levels of lead were accumulated
and replicate samples had a high percentage relative standard

deviation.

(4) Adhesive Disc Monitors

Using the same procedures outlined above in (2) (i) adhesive disc
("Fablon" 40 mm diameter) passive monitors were investigated. The
exposed and blank discs were strippéd of their adhesive layer and
collected material by a hot acid wash; the coﬁplete digestion of the
disc was not necessary. Previous attempts at complete digestion had

produced a partly digested residue which affected aspiration.

Initially three adhesive disc blanks were analysed using ICP-OES.

The results are shown in Table 25.
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TABLE 23, UNEXPOSED ADHESIV: TAPE RuSULTS.

Blank Rumber Conc. Pb lMass Pb
in Digest.* ( pg)
(pepem.) '
1 0.01 0.1
2 < 0,01 , < 0.1
3 <VO.Ol < 0.1

Digest volume = 10 ml

*Mean of three aspirations.
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TABLE 24, REPLICATE ADHESIVE TAPE MONITOR RESULTS.

Monitor Number Conc. Pb Mass Pb

in Digest*. ( pg)
(pepeme) .

1 < 0.01 T <ol
2 < 0.01 ' 7 <ol
3 0.01 0.1
4 0.2 2.0
5 . 0.2 2.0
6 o 0.15 ' 1.5
X 1.0
SD .92
% RSD : 92

Digest volume = 10 ml
*Mean of 8 aspirations

**Assuming undetected levels to be zero.

- 73 =



txd
)
=
n
Q
)
(o]
92}
(o}
L
)
92}

TABLE 25 . UNEXPOSED ADHASIVI

Blank Number Conc. Pb Mass Pb
in Digest*. ( ps )
(pepom.) -
1 < 0.01 £ 0,1
2 0.0 0.0
3 o < 0,01 < 0.1

Digest volume = 10 ml
*Mean of eight aspirations.
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Six adhesive discs were each attached to glass slide covers
(previously acid rinsed) to provide rigidity and were exposed in the

diffusion tubes for 37 days. The results are shown in Table 26.

The results indicate that very low levels of lead were accumulated
and replicate samples had a high percentage relative standard

deviation.
(c) CONCLUSIONS

The investigation of sphagnum moss monitors and physical passive
monitors did not produce acceptable replicate monitor results which was
a pre-requisite to any attempt to calibrate lead deposition with
atmospheric lead concentrations as a function of the flux paét the

monitor. The sampling errors associated with passive monitors,

especially moss, require accurate definition.

The sig diffusion tubes were identical in every respect, as were
the available surface areas of the physical collection‘media. Lateral
stratificafion of lead particles and difféfiﬁg'pafticie sizes may
account fof the -high relatiye'standard_dev{ations of replicate monitor
results; Although passive monitors would preéeﬁt a more-economical
alternative to conventional air filtration techniques, sphagnum moss
-and physical pégsive ﬁéﬁitbrs would notLiﬁdicéte’whéther ££e'European
Co;ﬁunifyféiquuality'staﬁdard‘of 2 ﬁg;m—g wés‘Béing @pproached,of

breached. -

Levels monitored in the N.E.D.D.C. area (Appendix A) indicate
compliance with the air quality standard. It is therefore proposed
that atmospheric lead monitoring be continued using conventional air

filtration techniques at different locations within the area.
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TABLE 26. REPLICATE ADHESIVE DISC MONITOR RESULTS.

imonitor Number Conc. Pb Mass Pb
in Digest*. 4 ( pe)
(pepoms)
1 0,011 - 0.11
2 0.021 0.21
3 0,06l ' 0. 6l
L 0.030 o | 0.30
5 . 0.13 1.3
6 0.019 0.19
X 0.46
5D | 0.41
% RSD - -89

Digest volume = 10 ml

* Mean of eight aspirations.
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(a; INTRODUCTION

The subject of dustfall, orldeposited matter is of great
importance in air pollution monitoring. It concerns particles large
enough to settle oﬁf of the atmosphere at an appreciable rate (i.e.
greater than 20 yam in diameter). Although such particles are not
generally respired into the body, in certain cases e.g. lead, the
deposits can present a hazard to health by other routes. Dust
deposition can bé a serious nuisance or disamenity. Calculations of
dust deposit are often important in decisions on industrial plant

siting.,.

In a number of countries measurements are made by networks of

dustfall gauges of differing,designs. In this country, two types of

42

gaﬁges‘predominate: the British Standard'Deposit Gauge and the

43

Directional Dust Gauge'~. (See figures 2 and 3).

(i) British Standard Deposit Gauge

N

in 1912, a,nuﬁber of Local Authorities in Great Britain agreed to -
Qnify their'procedurefiﬂ ﬁeééﬁring depdsited_atmospheriéf;ollufién.
5The:déposit gauge which they adopﬁed has Eeen reduged a little in size,,
and undergone other slight modifications, but remai;s in essentials the

JSEme.k The gauge~éhodld bé,sitedfaWai'from buildingé'ana trees,

B “The solid matter an& rainfall which falls within the 315 m
diameter coliecting bowl passes d;wn the connecting pipe into the
collecting béttle. Material which falls on the outside of the
collecting bowl and on the galvanised iron stand is prevented from

~ entering the bottle by an inverted funnel. The collecting bottle is
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changed every month and its contents examined., Total undissolved and
dissolved deposits are determined and usually expressed in mg.m_z.

day~l,

The sampling errors of the gauge are considerable. Results of a
single month's observations can only be relied on within a standard
deviation of about 207%. When a deposit géugé is exposed for a number
of consecutive months at the same site, it is found that successive
monthly estimates 6f deposited matter vary by more than 20%. The
standard deviation is at most places ébout 40% of the average: this
means that about one reading in three is different from the a?erage by
more than 40%. This large variation has been found to be due partly to
changes in emission rates from chimneys, but mostly to-fluctuations in

met<<t.o0logical parameters such as monthly rainfall, and direction and

speed of wind68.

Ralph and Barrett®? concluded that the British Standard Deposit
Gauge suffered severely from particle blow-out at moderate wind speeds
and that the fitting of a baffle inside the gauge bowl markedly reduced

blow-out and improved the efficiency of catch.

The effect of the large variance in collection performance renders
it necessary to have a long period of observations before signifiéant
conclusions can be drawn about rates of deposition. In practice, the
mbst useful conclusions have been drawn from five year groups of sixty

monthly observations68.

In the post 1956 era in Great Britain, the role of the British

Standard Deposit Gauge has diminished in importance.
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(ii) Directional Dust Gauge

Experience with the British Standard Deposit Gauge has shown that
ﬁhey collect only very coarse dust under light wind conditions, but are
inefficient collectors at higher wihd speeds and may even lose some of
the previously collected dust under strong wind conditions69. They
do not adequately take account of tﬁe fact that pollution by dust,
particularly of vertical surfaces, takes place even with fairly strong
winds., A different-type of gauge, which until about ten years ago had
been known as the C.E.R.L. (Céntral Electricity Research Laboratory)
Directional Dust Gauge, has been developed and is the subject of a

British Standard43.

The gauge measyres the tgndency of objects to‘become dirty in a
dusty atmosphere. It collects the dust that is likely torimpinge on
objects on the Earth's surface. The period of exposure of the gauge
for long term measureménts.ig commonly a calendar month, .but may also

be used in certain circumstances for short term measurements.

(b) THE N.E.D.D.C. DIRECTIONAL DUST GAUGE . ‘

The . area administgred.by North East Derbyghire Distr@gt Council
(N.E.D.D.C.) contains séveral processes and operationsAwhicﬁ generate
. .dusts . They include coal séocﬁihg,,opencast coal extraction, éemeﬁtku
batching and-industrial bqélerhbuse grit and dust emissions. '
Complaints are regularly received from members gf the public alleging

dust nuisance from specific activities.

s -

- 80 -



In view of the complaints that were being received and the
limitations of the British Standard Deposit Gauge in assessing
nuisance, the use of directional dust gauges was considered. The
advantages that these gauges offered i.e. directionality and more
efficient particle collection, suggested that they were suitable for

specific dust source monitoring.

o«

The N.E.D.D.C. Directional Dust Gauge complies with the British

Standard43 specifications for Directional Dust Gauges. The decision

to construct the gauges within the Council's organisation was taken
because of the availability of materials and craftsmen as well as the
high purchase price of commercially available gauges. The N.E.D.D.C.

Directional Dust Gauge is currently being used by many Local.

. -
Authorities and other organisations throughout Great Britain.

(i) Apparatus

a., Assembly’ . 2
The directiongi'dusp,gaugé comprises the following:-
'lqne,Qertical supporting post;
 four éollécting heads;
eighé”collecting bottleé;“
one_squeegee;

ohe‘ﬁash bottle.

- ~

b, Support c

The collecting heads are securely attached to the vertical post

which is supported by a 450 mm square base, The tops of the collecting

‘heads are 1.5T 0.1 m above ground level., 1In order that the gauge may

withstand severe wind conditions (up to 40 m.s._l) long pins are
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driven through the base to a depth of about 300 mm.
C. Collecting Heads

The collecting heads are made of chemically resistant, rigid
P.V.C. tube of a nominal internal diameter of 75 mm. The vertical

slits are 340 £ 5 m long and 45 ¥ ] m wide. The four heads are

attached to the post at 90° to each other.
d. Collecting Bottles

The bottles are made of translucent plastic and are attached to
the collecting heads so that water running from within the collecting
head runs into the bottle. The bottles form a tight fit ﬁith the heads
to prevent material washed off the external surfaces of the collecting
heads entering the bottles. The bottles have a capacity of one litre
and are indelibly marked with a code that identifies both the site on
which it was used and the direction in which the aperture of its

collecting head points.
e, Squeegee

The squeegee is made from a wooden dowel, 12 mm in diameter and
800 mm long to which is attached a wooden disc, 60 mm in diameter,
Attached to the outer circumference of the disc is a rubber ring

('Hoover' vacuum cleaner belt).

(ii) Siting

The gauge is sited with the post vertical and, whenever possible,

in an open space. The gauge stand is securely fixed to the surface on
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which it stands so that individual orifices face the cardinal compass
points. Gauges to assess nuisance should be sited at the point of

complaint or where complaints are likely to arise,

(iii) Operation

After one calendar month, any adherent dust in each collecting
head shall be washed into the appropriate coliecting bottle with- the
assistance of the squeegee, care being taken to avoid loss of material.
The bottles are removed and a water tight cap applied to each one.
Clean bottles are substituted. The bottles are delivered for analysis

with the following informatiomn:-

particulars of site;
period of exposure;
a note of any unusual event or events that may
have influenced the character or the amount of

the deposit.

(iv) Examination of the Deposit

a. By A.bsorptiometer43

Foreign matter such as leaves or insects should be removed. The
standard beaker is filled with water, placed in the absorptiometer and
the meter reéding of the instrument adjusted to zero. The beaker is
then emptied and the collected liquid and solid matter added to it and
the liquid level made up, with water, to the standard volume., ‘If the
reading is in excess of 70% obscuration or if the amount of collected

liquid is too great for a single measurement, a number of sub-samples
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shall be measured and their readings added. The ten day percentage
obscuration is then calculaﬁed as follows:-
10 day percentage obscufation (%) = 10aT
AN
where a = area of base of beaker (mmz),
A= area of gauge aperture (mmz),
N = number of days exposed,
T = sum of absorptiomefer readings in

"obscuration percent"
b. By Filtration

The contents of each colleciing bottle in turn are poured into a
one litre pyrex beaker, any gdhering particles are removed by a wash
bottle, Any foreign matter is removed and the contents of the beaker
are filtered through a’dessiqated, pre-weighed Whatman No. 41 filter
paper. The filter paper and filtrate are then air dried, deésicated
and weighed. The:amounts of éolleéted material are expressed’as ;g.m-
2 dayl, '

(c) ASSESSMENT OF RESULTS

The British Sténdard43

states that the precise measurement of
" the particulate materiai'afﬁ ni:particular’sitejis‘difficult~an61if
should be noted that the amount collected and:retained in the gauge is

influenced by factors such as the height of the‘gaugg above ground

level, the nature of the site and the mefeorological conditions,

-
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(i) Performance Characteristics of the Directional Dust Gauge

Prior to 1973, little had been published on the behaviour and use
of the directional dust gauge. Work undertaken by the British Steel

70 to assess the environmental impact of a large

Corporation
integrated steel works at Redcar,vin the north of England, included an
examination of the performance characteristics of the gauge. The
studies which were carried out investigated the effects of height,

adjacent collecting heads, wind speed and rainfall on the performance

of the gauge. The main conclusions were as follows:—

a. An increase in height (3m) tended to increase the amount of solids
collected, but this was offset to some extent by the capture of dust
entrained from the ground in gauges situated at ground level, see

figure 5.

b. Correlation coefficients between gauges situated 20 m apart on
level land was high (0.93) showing that the gauge had good

reproducibility, see figure 6.

Ce Collection efficiency increased with wind velocity, but the effect
was small compared to the increase in airborne dust with wind velocity,

see figure 7.

d. Rainfall did not affect collection efficiency of the gauge but did

reduce airborne dust.

e. The amount of material in a given collecting head was not
significantly influenced by the distortion in air flow resulting from

the presence of the other three heads, see figure 8.
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(ii) Wind Correction Factor

The wind does not blow uniformly from all directions during the
collecting period of the dust gauge. Therefore the weights of the
deposits collected are not truly representative of the source potential

71 suggest that a correction

of each direction. Lucas and Moore
factor may be applied to the data which will enable the source
potentials of each direction to be compared, i.e.:-

Correction factor = | L 1004
(0.74P + 0.97Q + 0.74R)

where Q = percentage of the time that the wind blows in the
primary octant of the gauge,

P&R = percentages of time that the wind blows in the )
adjacent octants,

0.97 & .

0.74 = collection efficiences of the gauge for winds in

primary and adjacent octants.

The correction factor (see figure 9) is necessarily simplified,
and Lucas and Moore have never fully explained its derivation. Its
major fault is that it can yield extremely high correction factors when
the wind direction remains constant for most of the month under

consideration,

Brown and Fisher’O suggested that the correction factor could be

improved by incorporating a factor to allow for the reverse capture

efficiency. Bush et al.72

carried out a mathematical analysis of
particle flow and capture on a directional dust gauge and concluded
that the formation of downstream wake may result in finer dust
particles being carried by the furbulent air flow into the downstream

collecting heads.
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FIG. @ . VIND CORRECTION OF DIRECTIONAL DUST GAUGE DATA.’*

10047 |

CORRECTION _ <
FACTOR - 0-74a+0-97b*0-74c




The modified correction factor is as follows:-—

Correction.factor-? 100
(0.74 (P & R) + 0.97Q +kS)

-

where S percentage of time that the wind blows in the
direction opposite to the primary octant,
k = reverse capture efficiency. “

Brown and Fisher70

never applied this improved correction factor
to their data because of the diffiqulty in finding a representative
value for k. They concluded that the reverse capture efficiency would
probably be higher for small particles than for large particles, which
was the reverse of the forward collection efficiency.

(iii) National Coal Board (U.K.) Western Area Scientific Department
Method

/3 suggested that

A National Coal Board, U.K., scientific report
to detect the presence of an unsuspected dust source, directional dust

gauge results may be corrected for wind direction,

The principle of the method is to re—express the "as measured"
.results, as if the wind had blown equally from all directions during
the sampling period. The effect of this is to show accentuated results
from one or more directions and to diminish those from other
directions.\ The relative magnitude of the corrected figures for the

four directions then indicates the order of importance of the dust

sources surrounding the gauge.

The method is as follows:—
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1.

Define the four quadrants affecting the collecting heads, i.e. if

collecting heads face north, south, east and west, the quadrant

affecting the north collecting head is from north-west to north-—east.

2.

For each measuring period, total up the number of half days in

which the wind generally lay in each quadrant. Count the number of

half

3.

days

4.

four

days which were calm as a separate total.

Add to the total for each quadrant a quarter of the total calm

to give a final total Wq for each quadrant,

Divide the total number of half days in the measurement period by

to give W.

5. Multiply the "as measured" 7 ten day obscuration for each quadrant
by:- .
W for that quadrant
Wq
This gives the first stage of correction, ZTDOq; (%ZTDO 1st
correction)
6. Add together all the "as measured" Z TDO's to give total TDOy
7. Add together the ZTDO,; to give total TDO,;. It will usually

be found that the sum of the TDO,; is greater than the sum of TDOye

To correct this a second correction is required.

8.

Multiply each TDOpy by total TDOy

total TDOCl

to give fully corrected results - ZTDOC2
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9. As a check TDOg, should equal TDOy to within O.1.

10. Prepare a plan of the area showing fully corrected results and
their direction. From this, the direction and possible location of a

previously unsuspected dust source may become apparent.

This method involves a number of assessments and approximations
and the author admits that it is rather crude. It may in some cases
multiply a small, possibly inaccurate figure (i.e. an uncorrected dust

level) by a large approximate factor.,

(d) DIRECTIONAL DUST GAUGE MONITORING IN THE N.E.D.D.C. AREA

-

In December, 1983 there were 13 gauges located a&Avarious sites

within the N.E.D.D.C. area involved in various monitoring activities:—

opencast coal extraction sites - 7
coal stocking operations ' - 1
road dust generéiion R | - 2 - 1 _
research and devélopment - 3

It is envisaged that the location and number of-gaugesviﬁ

operation will change as a result of changing 'monitoring priorities in

general and following the development of an impro?ed model to interpret

s

“ithe collected matter, - S

(€) METEOROLOGICAL DATA =~ - - | ’

The development of a model to assess the results from directional
dust gauges requires an input of meteorological conditions prevailing

during the monitoring period.
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73

Lancaster suggest that the N.C.B. method may be improved by

considering wind directions every hour rather than every 12 hours.

70

Brown and Fisher conclude that wind speed as well as wind

direction affect the performance of the gauge.

Meteorological date is currently being obtained from three

sources:

a. Meteorological Office, Watnall, Nottingham

- wind direction and wind speed, four observations per day;

b. . Weston Park Museum, Sheffield

- wind direction and wind speed, one observation per day.

-

. R _
Rainfall, minima, mean and maxima daily temperatures, hours

sunlight and relative humidity;

C, Furnace Hillock Opencast Site, Chesterfield

*

- continuously integrated hourly wind speed, wind directionm,

" barometric pressure and temperature-date;

d., - Bfitish Coke Research Association Laboratories, Wingerworth
-Chesterfield (ceased-DeéemEer 1982)

- several parameters, daily averages and 6 hourly readings.

\’5 B - . i . - aa

Sanmple report forms from the monitoring souces are included in .

-

Appendix B. ’

-+

(f) DEVELOPMENT OF A NEW MODEL

(i) Introduction

Previous workers had concluded that the prevailing wind
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direction conditions during the period of monitoring influenced the

amounts of material collected in the directional dust gauge 69’71.

73 nodel attempted to quantify the affect of wind

Lancaster's
direction on the amounts of dust deposited in specific collecting
heads. A quadrant was ascribed to each collecting head and a

correction applied for each half day the wind lay in the quadrant.

Bush g£_§£.72 suggest that the collection performance of the
gauge is not as simple as that. With a gauge whose collecting heads
face north, south, east and west, the available slit width of the north
'facing tube is greater than the available slit width of fhe west

facing collecting head when the wind comes from the north, north-west.

Another important meteorological parameter is wind speed. Brown

70

and Fisher concluded that amounts of airborne dust increased with

wind velocity as did the collection effiency of the gauge.

The developing model was applied to collected amounts of dust
from gauges in the North East Derbyshire District Council area.
Special emphasis was placed on the results from the seven gauges
situated around a proposed opencast coal site. The gauges were
commissioned in September, 1982 and the opencast coai site commenced

earth stripping in January 1983.

The method of analysis is described above (B, iv, a) and
meteorological data was applied to the model from the four measurement

stations at different stages of its development.

Data processing was carried out using a Sinclair Spectrum micro-
computer having 48 kilobytes of random access memory. All programming

was in BASIC.
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(ii) Initial Model

An initial model, based on prevailing wind conditions was used

to interpret the amounts of collected material in the gauges.

In the absence of any dust source it was assumed that all
directions were equally capable of generating dust. The model took the

following into account:

a., daily average wind speed,
b. daily average wind direction, and

c. the time that the wind blew from a particular direction.

The model predicts the amounts of dust that may be expected in
each collecting bottle, assuming that the area around the gauge is
equally capable of generating dust. A "weighting" factor for each
cardinal point of the compass is calculated as follows (e.g. for the

collecting head facing north):

No., of days during monitoring period wind is from north = d

Il
1]

Ave, wind speed from north

No. of days during monitoring period wind from NE or NW = 4'

n
7}

Ave, wind speed from NE or NW
Weighting factor, Wy = ds + (0.5d's'")
The weighting factor is then calculated as a percentage of the

four weighting factors calculated for the cardinal points;

W
i.es Z Wy = ( ) X 100
Wy + Wg + Wp + W,

The total amount of dust collected in all four gauge compart-
ments is then multiplied by each weighting factor Z to predict the

amount of dust in each collecting bottle,
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Finally, the difference between this predicted amount and the actual .

amount is an indication of the direction of a dust source.

The programme which was written to apply this initial model is

shown in Prog. l. below. The defined and programme variables are as

follows;

AA = Number of days wind from north
BB = " south
CC = " east
DD = " west
EE = " 1 compass point containing north
FF = " " south
GG = " " east
HH = "o " west
MM = Average wind speed fron north
NN = " south
00 = " east

« PP = " west
Q = " 4 compass point containing north
RR = " "o south
8S = " " east
IT = " " west
rrr =-Identification input of microcomputer operator
X$ = Identification of operator on result print out
oo = Identification input of gauge location
G$ = Identification of gauge location on result print out
kk = Number of month in year (1 to 12)
‘H$ = Identification of month in result print out
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xxxX = Number of days in monitoring period
II = Weighting factor north, (AA * MM)+((EE # 0.5) * QQ)
JJ = " south, (BB % NN)+((FF * 0.5) * RR)
KK = " east, (CC * 00)+((GG * 0.5) * SS)
LL = " west, (DD * PP)+((HH * 0.5) * TT)
UU = Sum of weighting factor
VV = % weighting factor morth i.e. (II/UU) * 100
W = " south
XX = " east
YY = " west
N = Weight of dust in collecting head bottle north"
0= " south
P = " east
Q= " west:
R = Actual dust result (mg.m_z.day-l) north
S = " south
T = " east
U = " west
EEE =R+ S+ T+ U
V.
NNN = Predicted dust result north i.e. =~ 100 * EEE
000 = " south
PPP = " east
QQQ =" " west
FFF = Difference between actual and predicted dust result north
GGG = " : south
HHH = " east
III = " west
TTT = Actual 7 of total dust in collection bottle north
vy = "  south

- 99 -



VVV = Actual % of dust in collection bottle north

WWW = " south

AAA = 7 difference between predicted 7% and actual % distribution
for bottle mnorth

BBB = as above for bottle south

CcCC = "o east

DDD = _ | " west

(iii) Gauge Configuration

An examination of the cross section configuration of the gauge
was carried out when the collecting heads faced north, south, east and
west, and a wind was incident from the direction of a half compass

point,

The initial programme ascribed a value of 1 to the weighting
factor when the wind blew from a cardinal compass point and 0.5 to
adjacent cardinal compass point weighting factors when the wind blew

from a half compass point.

By trigonometry, (see fig. 10) the available slit width of

adjacent collecting heads is;

/2

The initial programme was amended. 0.5 was replaced by 0.71 on

lines 1460, 1470, 1480 and 1490 (see prog. 2).

- 100 -



PROG. 1.
INIPTAT

PROGRAMME »

. 288 PRINT.
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298 PRINT.
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.”91@ INPUT
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C 388 PRINT
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426 PRINT "Check
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484 PRINT sSouth:=-r}

436 PRINT
438 PRIMT.
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f O BR& T PRINT R
. &1@ BEEF ;,:4
612 INPUT frre =
614 IF rrr=1 THEN LET xs

ranmer” .
'6%6 IF: rrr-a THEN LET X%=
. oeaty’
; 618, IF rrr*B THEN LET‘X$ “H. Hob-l
L lew .t
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. 696 PRINT: S

. 8@8 PRINT ~Iv.

' 699 INPUT kK .

L 7@@ PRINT - - S -

701 PRINT o - o

- 7@2 PRINT “ENTER NUMBER OF DRYS™

704 PRINT . “HMONITORING.PERIODY W
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'ELET FFF;R—NNN;
188@ LET SGE=5-D00
;LET HHH=T-PPP

CPRINT R
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FIG. 10 « AVAILABLE SLIT WIDTH OF ADJACENT COLLECTING
HEADS WHEN WIND FROM A HALF COMPASS POINT.
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PROG. 2 . AMENDMENT OF PROGRAMME FOR GAUGE CONFIGURATIOIL.

a. Initial

b. Amended.

153@TLET:xx INT:((KK*i@&I/UU
1S40 LET WY =INT t(LL*i@@l/UU
: PRINT: "Enter N

=~ 100
1ssawxnpur @58
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(iv) Refinement of Wind Speed and Direction Input

Lancaster73

had suggested that the performance of his prop-
osed model would be improved by considering wind directions every hour
rather than every twelve hours. The meteorological date that had been
applied to the developing model had been obtained from the British
Coke Research Association Laboratories, Wingerworth, Chesterfield.
This had consisted of daily average wind directions and mean wind
speeds. In December, 1982, the laboratories closed and an alternative

supply of meterological data was obtained from the Meteorological

Office, Watnall, Nottingham,

Although this source was further away (approximately 20 miles),
it was decided to develop the model to allow the input of this data

which consisted of average six hourly wind directions and wind speeds.

The wind direction data was presented in ten degree divisions
of compass point bearing and the programme had to be altered to allow
its ipput. |

By a further investigation of the cross sectional configuration
of the gauge, the available slit widths of one or more collecting’
heads at any given wind bearing, were calculated and the weighting

factors for the collecting heads are shown in Taﬁle 27.

The alterations to the programme are shown in Prog. 3 and the

additional and changed defined and programme variables are as follows:-—

AA, AB’ AC 0 06O O0OOOBPOIPOSOSS BJ
= number of % days wind from identified wind bearing

nultiplied by average wind speed.
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TABLE 2¢€.

SLIT WIDTHS FOR DIFFERENT COMPASS BEARINGS.

-Wind Available Slit Width, 50 units max.
Direction NORTH EAST SOUTH WEST
(degress)

0 50,00 - - -
10 L9.24 8. 68 - -
20 460 98 17010 - -
30- 43.30 25.00 - -
50 32. ll-l- 38030 - -
60 25,00 1;3.30 - -
70 17.10 46.98 - -
80 80 68 49.21-{- - -
90 - 50.00 - -

100 - L49.24 8.68 -
110 - 46,98 17.10 -
120 - 43.30 25.00 -
130 - 38.30 32,14 -
140 - 32.14 38430 -
150 - 25.00 L43.30 -
160 - 17.10 46.98 -
170 - 8. 68 49. ZL} -
180 - - 50.00 -
190 - - 49.24 8. 68
200 - - 46.98 17.10
210 - - L43.30 25.00
220 ° - - 38.30 32.14
230 - - 32,14 38.30
240 - - 25.00 43.30
250 - - 17.10 46.98
260 - - 8. 68 49.24
270 - - - 50.00
280 8.68 - - Lo9.24
290 17.10 - - 46.98
300 25.00 - - 43,30
310 32.14 - - 38,30
320 > 38430 - - 32.14
330 13430 - - 25.00
340 46.98 - - 17.10
350 49.2L - - 8.68
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PROG. 3 . AMENDMENT FOR REFINED WIND DIRECTION INPUT.
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PROG. 3 . continued.




BK = Weighting factor, north

BL = " east

BM = Y south

BN = " . west

BO = Sum of weighting factors

BP = 7 of weighting factor, north
BQ = " ‘east
BR = " south
BS = " ’ west

(g) PERFORMANCE OF THE DEVELOPING MODEL

Data from two directional dust gauges situated at the boundary of
" the Lings opencast coal extrattion site were used to assess the
performance of the developing model. The gauges selected were Lings

One and Lings Seven, see fig. 1ll.

" The following six stages of the de%éloping model were applied to

the amounts of dﬁstwcqllected by the gauges.

-~
- .

de Available'slit widths forlwihds from half compass points ="
0.5 and average'wiﬁd speeds for fu1l and half compass pbints were

ascribed a value of one.

b. Séme as in a., but averagebwina.gpeeds from the Meteorolog-

Ry

ical Stations were used.

H]

Ce Available slit widths for winds from half compass points =
0.71 and average wind speeds for full and half compass points were

ascribed a value of one.
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FIG., 11 . DIRECTIONAL DUST GAUGE MONITORING STATIONS AROUND
THE LINGS OPEKCAST SITE.

oo el Temple \\

7.

i /Normanton,

N = P H
e , :y Church Lurm !

D

P74

adeu;h;

2

it 1,
Fomtirs b

ot Tait

¢ N
>\ NS
NN Q

- \ .

/ dliet A-Jrn‘\

g \ Lo
. AN . A v
N @ NP7

\\\ A \_}:(,,;}«%«

K SRR

'/ / N N A ’ \’,. > . bl
24 North ™ - & \ \\ \\\'/\“’\’-r’ < ;;5\%;%’ >

¢ . , . NS

Wingfield 7 . MRty e

Allatment
Godrdem s |
>

PN
]

0
0

’ N Vo

Z R y A

A \‘(; YerB P lace : ) g S < »
LS 3 . . N

. N A n - ¥ a ~\ Cow
IR SR 8 SN i




d. Same as in c., but average wind speeds from the Meteorolog-

ical Stations were used.

€. Varying slit width availabilities for winds in 10°
divisions of compass point bearing, all average wind speeds ascribed

a value of one.,

f. Same as in e., but average wind speeds from the Meteorolog-

ical Stations were used.

The differences between actual and predicted depositions for the
six stages of the developing model at these gauge sites for November

and December 1982, are shown on Table 28.

For Lings One and Seven, the directions of open cast coal extrac-

tion workings were, for both gauges, to the north and east.

The amounts of material collected by these two gauges give little
indication of directions of dust sources (see Table 29)., Without the
application of the model it would be difficult to assess the dust

climate and the envirommental impact of these workings.

To enable an assessment of the developing model to be made the
cunulative differences between actual and predicted depositions of dust
(north and east) at the two sites for November and December 1982 were

calculated. - They are shown on Table 30.

The highest cumulative dust deposition using data from Watnall was
obtained using stage b., and for data from Sheffield was stage f. By
combining the cumulative dust depositions obtained usiné the Watnall
and Sheffield data, stage f. produced the highest cumulative dust

deposition.
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TABLE- 28, PERFORMAKCE OF THE DIVELOPIKG MODEL.
‘Site Stage of Difference between actual and predicted
developing depositions (Actual - Predicted).
model. mg.m-a.day-l
North South East Vest
. * 1 ¥* t * 1 ¥* 1
Lings a. [11.5 (21.5) | =20.5 (=27.5) | 45.5 (53.5) |- =35.5 (=48.5)
One b, [19.5 (25.5) [-27.5 (-22.5) | 57.5 (64.5)4”-52.5 (=70.5)
Nov, c. |11l.5 (23.5) | =20.5 (=31.5) | 43.5 (51.5) | =33.5 (-43.5)"
;982- d. |19.5 (25.5) -27.5 (~24.5) | 55.5 (64.5) ;-48.5:(-65;5)
e |19.5 (25.5) | -2715 (<2k45) | 45.5 (45.5) | =37.5 (-46.5)
fo [23.5 (34.5) |-31.5 (-27.5) | 51.5 (60.5)| -43.5 (=67.5)
Iings a. |21.5 (26.5) |7 =9.5 (=23.5) | -2.5 (21.5) | -8.5 (-24.5)
Seven b, |24.5 (29.5) | -21.5 (-20.5) | 22.5 (29.5)| -25.5 (-40.5)
Nove ¢. |19.5 (27.6) | =11.5 (=26.5) | =0.5 (19.5)] =8.5 (-21.5)
1982 d. |24.5 (29.5) | =21.5 (=21.5) | 21.5 (29.5) | =24.5 (=37.5)
" e. |ane5 (29.5) |=22.5 (221.5) | 15.5 (15.5) | ~17.5 (=23.5)
f. [27.5 (36.5) | =25.5 (=23.5) | 19.5 (26.5) | =21.5 (~39.5) .
Lings ae [40.5 (17.5) |" =0.5 (=20.5) | 44e5 (38.5) | =815 (=35.5)-
One b |L4b.5 (20.5) |-12.5 (-26.5) | 46.5 (38.5)| =76.5 (=33.5)
Dec. Co |38.5 (18.5) | =6.5 (=20.5) | 42.5 (38.5) | ~74.5 (-35.5)
1982  d. |42.5 (20.5) | =15.5 (=24.5) | 4.5 (36.5) | =70.5 (=35.5)
ee | 3645 (26.5) | -19.5 (=20.5) | 42.5 (40.5) | =59.5 (=47.5)
fo | 40.5 (33.5) }=25.5 (=33.5) | 44.5 (38.5) | =59.5 (=36.5)
ILings a. {41.5 (20.5) 1=18.5 (=35.5) | 67.5 (62.5) | =88.5 (=47.5)
Seven b. |U4he5 (23.5) 1=28.5 (~39.5) | 69.5 (62.5) | =83.5 (~46.5)
Dece co |39.5 (21.5) §=23.5 (=35.5) | 65.5 (62.5) | =82.5 (=47.5)
1962  de | 42.5 (23.5) | =31.5 (=38.5) | 67.5 (60.5) | =78.5 (=47.5)
ee | 38.5 (28.5) | =34.5 (=35.5) | 65.5 (64e5) | =69.5 (=58.5)
fo [ 415 (34e5) 1-39.5 (=46.5) | 67.5 (62.5) | =69.5 (=49.5)

*  Vatnzall meteorologicel data

' Sheffield meteoroclogical data



TASLE 29. AHOUNTS OF DZPOSIT=ED HATTER IN THE LINGS ONE Al
SEVEN DIRECTIONAL DUST GAUGES.

Site Month/Year | Deposited Matter ( g )

o ' North - South East Vest
Lings ov/1982 0.02  0.03 ~ 0.04 -  0.02
One o " o

Lings ‘Nov/1982 0.02  0.02 0.02 - 0.02 -
Seven : o o B , T el TTes e T
Lings Dec/1982 ~  0.02 . 0.02  0.02 . . 0.02
One / A SRR
Lings Dec/1982 . 0,02 - 0.01 0.03 0.0l
Seven BRI ' ' R

N.E. Direction of workings for both gauges were to the morth
and east. '
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TAELE 30, CUNMULATIVE DIFFERENCES IN DUST DEPCSITION.

Stage of Cumulative difference Total

developing (mg.m—z.day-l) (%+1)

model. : * '
a 270 262 532
b 329 ' 294 623
c 260 263 | 523
d 318 290 608
e 288 276 564
£ 316 327 643

x Watnall weather data.
v Sheffield weather data.

}—

'_I

(@3]
1



The significance of this conclusion may be further investigated by
carrying out similar calcuiations for more monitoring stations over &
longer time period. H§wever, it is valid to_expect that by refining
the input data to the model that a more accurate assessment of the dust
climate may be made (given that there are relationships between wind
and speed and dus; deposition, wind direction and direction of dust
sourge, and wind direction and vertical collection area of the gauge
tube), although the enhancement achieved by successive model refine-
ments decreases, particularly after stage b. when an attempt wasrmade

to introduce realistic wind speeds.

(h) LOCALISED AUTOMATIC WEATHER STATION DATA .

The model which was applied to amounts of collectéd dust in
directional dust gauges used daﬁa obtained from remote weather
stations. Commencing November 1983 data became available from an
automagic weather station located at.the Furnace Hillock Openéase Site
. tsee Fig.’12). The instruments,aﬁ‘thiS?staéion provide hourly |

integrated measurements of wind speed and wind direction.™ -

To investigate the effect of using localised weather data ‘instead

REXS

of data from remote stations, several sets of results were recalculated

~using the automatic weather sEation-data.b The results are shown on
Table 31. It was not possible to recalculate all the results because

of frequent malfunctions with instrumentation at the Furnaée’Hiilock

station which produced incomplete monthly data sets.,
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FIG. 12,LOCATION OF WEATHBR STATIONS.
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{4BLE 31,

RECALCULATED RESULTS USING AUTONLATIC WEATHSR STATION DATA.

Month Site

Difference between actual and predicted

Year depositions (mg.m-a.day~l).
North South Bast VWest
* 1 * : ! * 1 * 1

Nov., Lings 1 | 18.5 (11.5)| 8.5 (7.5)] L4e5 (=5.5)| 30.5 (-14.5)
1983 Lings 2 6.5 (1.5)] =0.5 (=1.5)} 8.5 (2.5)|=14e5 (=3.5)
. Lings 3| 15.5 (1.5)| -5.5 (-8.5)| 24.5 (3.5)] 31.5 (1.5)
Lings 1+ 1205 (305) "'005 ("205) 1?05 (505) "2805 ("705)
Lings 5| 15.5 (7.5)| 3.5 (2.5)] 2.5 (=9.5)|=-20.5 (-2.5)
Lings 6 6e5 (1e5){ =0.5 (=1.5)| 8.5 (2.5){-14.5 (=3.5)
Lings 7 | 18.5 (11.5)| =9.5 (=10.5)] 22.5 (12.5)|=30.5 (=1L4.5)
Fo Hille.| 59.5 (14.5)|=17.5 (=25.5)| 97.5 (30.5)}L31.5 (=27.5)
Jan. Lings 1 | -20.5 (51.5)| 49.5 (=53.5)|112.5 (83.5)|442.5 (-82.5)
1981'5' Lings 2 "'1105 (5105) Ll»los ("1805) 5605 (5905) _8705 (-5205)
Lings 3 [=246.5 (155.5) | 615.5 (47.5)]123.5 (=42.5)|492.5 (L 60.5)
Lings 4 | ~60.5 (60.5)1203.5 (32.5)| 54.5 (4.5)|-197.5 (=97.5)
Lings 5 | -11.5 (102.5){129.5 (=31.5)[111.5 (6445)}229.5 (135.5)
Lings 7 | 23.5 (92.5)| 31.5 (=65.5)| 74s5 (46.5)[130.5 (=73.5)
ijbc dill, 75.5 (24-5) -5605 ("65.5) 14605 (6805) "15605 (—3505)
Sept.lings 1 | -50.5 (-35.5)| 20.5 (3.5)| 9.5 (20.5)| 20.5 (13.5)
198L Lings 2 =36.5 (=13.5)| 57.5 (32.5)]| 52.5 (68.5)|=73.5 (-83.5)
Lings 4 | =76.5 (=51.5)| 75.5 (46.5)| 24e5 (42.5)| =235 (=34.5)
{J}ngs 51 =275 (=7.5)| 36,5 (13.5)| 29.5 (L43.5)|=38.5 (=L47.5)
Lln:g‘;.s 7 -1805 (_Lros) 2505 (6.5) 5505 (4505) -@1.5 ("L}—,?Oh‘)
Fo dille|-334.5 (R13.5)|411.5 (271.5)|27%.5 (360.5)|450.5 02.5)
Oct. Lings 1 6.5 (2035) 1405 ("'25'5) 5105 (5005) "5205 (-2805)
1984 Lq.ngs 2 20.5 (36.5)| 11.5 (-30.5)]| 49.5 (47.5)|=81.5 (~54.5)
 Lings 4 |-117.5 (=25.5)|308.5 (60.5)|101.5 (91.5)|293.5 (&35.5)
Lings 5 25 (26.5)| 3545 (=31.5)| 4645 (L44.5)|=8L.5 (-41.5)
Lings 6 6.5 (20.5)| 1.5 (-25.5_) 49,5 (48.5)|-70.5 (-46.5)
Fo Hille 75.5 (645)|=56.5 (=56.5) [146.5 (77.5)}156.5 (=27.5)

% Furnace Hilloclk westher data.
' Remote weather data.



One interesting set of. results was obtained from a directional
dust gauge located near the automatic weather station at Furnace
Hillock. The direction of the opencast site workings from the gauge
was to the west and this was assumed to be the predominant dust source.
The computer_modei however indicated that there were significant dust
sources to the north, south, and east. To the north and east of the
gauge, is the main Chesterfield to Mansfield Road which in addition to
normal vehicular traffic is also used by large coal lorries usiﬁg the
site. To the south ié the main access road the site (see Fig. 13).

It may be concluded that dust generated by vehicles using the Mansfield
Road and site access road ares over the monthly monitoring period, w;s

Al

at higher levels than the open cast coal extraction workings.

The two sets of computed results for the Furnace Hillock and Lings
Opencast Site directional dust gaugesbusing remote and localised
weather data were compared. The model tended to under estiméte thg
increased dust deposition amouqts wﬁén‘using remote weather statioﬁ

data., However, the model did indicate similar directions of dust.

squrces when the ‘two sets of weather data were used.

<

(i) DIRECTIONAL DUST GAUGE MONITORING AND MODELLING IN NORTH EAST :

DERBYSHIRE

There are many divérse sources of duétrwhich from time to time

- affect local inhabiféﬁts within North Eaét'Derbyshire. lThé install-
ation of'directiqnal dust gad;;s and the applicétion of the modelrto
collected amounts of dust will provide'; technique for the identifica-
ﬁion of“dust sourcés. The main application of thisvprOposed ﬁonitoring

and modelling technique will be to monitor the envirommental impact of

open cast coal extraction.
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FIG. 13, FURNACE HZILLOCK OPENCAST SITx.
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This technique will not indicate whether or not a dust nuisance is
being caused as the monthly sampling period integrates total amounts of
collected dust. For example, if the total amount of dust collected
over one month occurred during one day, the potential for nuisance
would be higher than if it accumulated gradually over the monthly

period.

Experience gained during this part of the research project would
suggest that the following criteria should be satisfied when using this

technique.

a. The directional dust gauge will only provide information
about the dust climate at the position at which it is located. They
should, therefore, be sited as close as possible to houses (or other

-dust sensitive premises), without prejudicing other criteria outlined

below.

b. Care should be taken in the siting of the gauges to provide
open elevations in all directions to allow contributions from other

potential dust sources other than those which are suspected.

C. Where there is a choice of weather station data for use with
the model, localised rather than remote should be used. If this is not

possible, mean data from two or more remote stations should be used.

d. The directional dust gauge site should, as far as is practic-
able, be tamper-proof. Large private gardens and school playing fields

make ideal sites.
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4. SMOKE AND SULPHUR DIOXIDE POLLUTION MCNITORING
BEHAVIOUR AND MODELLING IN THE N.E.D.D.C. AREA
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(a) THE NATURE OF THE AIR ENVIRONMENT

The air is a layer of gases which reaches from the earth's surface
to the beginning of space. Most important to life is the troposphere
which varies between five and ten miles in depth, above the earth's
surface., This layer and the earth's outer crust is usually defined as
the bioéphere. In this thin finite layer, life exists. It’comprises
of nitrogen and oxygen (a ratio of approximately 4:1), about 300 p.p.m.
carbon dioxide and small amounts of other gases. Before green plants
evolved the ratio of oxygen to carbon'dioxide was essentially reversed.
Organisms which thrived in a low oxygen environment slowly disappeared
as the ratio of oxygen: carbon dioxide gradually evolved to what it
currently is; Oxygen, which now drives most biological systems, was an

air pollutant several million years ago.

In the habitat of terrestrial biological systems, the temperature
changes continuously. In the lower, denser, atmosphere air temperature
falls with rising altitudes. The rate of change depends on water
vapour content and short period gain or loss of thermal energy at all

altitudes.

Climatic systems are driven by nuclear generated radiant energy
from the sun. The atmosphere directly absorbs about 15% of the energy
received from the sun, 427 reflects back into space and 437 is absorbed
by the earth;s surface. The surface converts short wave light energy
to long wave heat energy. The long wave heat energy warms the tropo-

sphere and mobilises it.

The earth rotates on its axis and orbits the sun, giving rise to

turbulence which produces wind patterns. Linear speeds vary from about
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7,800 km. hr! at the equator to zero at the poles.Ihis motion moves
the troposhere in six major zones, each with its prevailing wind motion
or direction. The width of the zones varies with the season. Air
masses can move independently of the motion of the earth's surface, if
they move in unison a calm is produced, if the air moves in any other
direction, wind is generated. In addition, large air masses move |
independently of one another; polar continental and maritime masses
from northern and southern hemispheres, tropicallcontinental and mari-
time masses from the equator. Solar energy received by the earth
varies, causing changes in the dominance of the temperate latitudes by
warnm and cool air masses., This is‘perceived as alternate warm or cool
Qeather; with occasional periods of stagnation producing drought or
rainfall, Topography‘and the proximity of bodies of water can affect

local climates.

The above discussion illustrates, in a very general way, how
weather patterns are formed and allows a perception of how pollutants

emitted into the troposphere might be dispersed and transported.

(b) INCREASE IN POLLUTION EMISSIONS

Pollution by oxides of sulphur and particulates is a problem that
has been growing since the Industrial Revolution. Because of the use
of fossil fuels to generate electricity, the quantities of oxides of
sulphur emitted to atmosphere have increased several times in the last

twenty to thirty years.

Oxides of sulphur and particulates are associated with health
effects, especially various types of respiratory diseases, although the

exact casual relationships are not fully understood.
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o ‘

Because it is expected that the demand for energy will continue to
grow, and in this country especially, the demand is expected to be met
by an increased burning of coal, it is important that atmospheric con-
centrations of the pollutants produced be carefully monitored. Because
much of the igcreased emisg}qn will be from sources outside major
centres of population e.g. coal fired power stations and at high level,
sulphur compounds and particulates will affect atmospheric pollution

levels not only on a local scale but also on a regional and global

2 i
T

scale. . 7/

(c) -~SOURCES AND POLLUTION BEHAVIOUR

(i) Sources

Several global estimates of natural and.man.made sulphur emissions
have been made by several researchers. These are shown on Table 32, -

75 estimate that fossil fuel combustion accounts

Robinson and Robbins
75 to 85 per cent of man made sulphur emissions, and industrial

processes, such as -iron and steel production, make up the residual.

"Natural emissions include those from volcanoes and biological decay;

sea spray is not included in the estimates ‘as most of it returns
directly to the oceans. All of the estimates have large uncertainties,
but it is interesting to note that the relevant contribution from man

made sources have increased with the later study results.

Both natural and man made sources are distributed irregularly
over the earth. The geographical distribution of man made sources
corresponds closely to the degree of-industrialisation in various

regions of the world. Kellogg eg al.78 estimate that 93.5 per cent

of sulphur dioxide pollution is produced in the Northern Hemisphere,
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TABLE 32, EMISSIONS OF SULPHUR INTO THE ATHOSPEZRE ( Tg s.yr'l)

Natural

rlan-made

35

Reference Percentage
emissions. emissions. man-made
of total.
Eriksson’ 0 280 wo " 13
.Junge77 . 230 -46 15
Robinson and Robbins'~ 90 A 42
Kelleg et al.’d 92 50 35
Friend’’ 108 65 38
Granat et al.o® 65 65




and the remaining 6.5 per cent in the Southern Hemisphere. Granat

et al.80

concluded that for ns»th- -western Europe, an area of about
one per cent of the Earth's surface, accounted for an estimated

1

13 Tg S.yr -, approximately 20 per cent of the global total.

~(ii) Pollution transport and diffusion

Pollutant‘behaviour is governed by the physical and chemical en-
vironment (e.g. wind speed, solar radiation, neighbouring chemical
species). Turbulent diffusion, photo-oxidation, §6é€;nging by precipi-
tation, etc, define its pathway through the atmoépheriz. Much is known

aboﬁi individual processes, but the real difficulty lies in quantifying

the composite pathway.

Pollutants are transported through the atmosphere by the mean
wind, and mixed, or dispersed, by turbulent fluctuations in the wind.
The vertical structure of the lower troposphere is important to
pollutant transport. Wind speed increases ﬁith‘height as the effect

of surface roughness diminishes. Thus, the higher a pollutant's

‘effective injection height (stack height plus plume rise), the

greater the transport wind speed it experiences. Atmospheric temp-
erature decreases with height above the surface; however, the actual
variation of temperature above the surface, at a given time and place,
defines the stabiiity of the atmosphere, and thus the amount of
vertical mixing. Pollutants emitted into an unstable atmospheric layer
are mixed throughout the layer; on the other hand, pollutants emitted

into a stable atmospheric layer are mixed very little.

The structure of the near-surface layer experiences a diurnal

variation which affects pollutant transport and diffusion.
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At night, surface long-wave radiation cools the near surface air and
causes the format;qn of a ground-based stable layer, or inversion.
Pollutants emitted into ;his layer undergo little mixing or dilution,
while those emitted above it may be slowly mixed through a large depth
of the atmosphere above the ground based inversion without reaching the
surface. In the morning, as solar radiation heats the sﬁrface and
causes convective mixing, the stable fayer is eroded and pollutants
mix throughndbrogressively greater depths of the atmogphere, frequently
up to one or two kilometres, depending on the time’of“year and
meteorological conditions. The following night, the cycle is repeated
-npoilutaqts well-mixed from the previous day remain above the newly
formed surface inversion, and new poilutants are injected into the
lower stable layers. Although this description is rather simplistic,
it does indicate the complexity of the atmospheric processes controll-
ing pollutant behaviour and the difficulty in modelling these

processese.

Pollutants can be transported over large distances under a
variety of meteorological conditionms, Plumes emitted into a stable
atmosphere undergo little vertical or horiéontal diffusion and éan
travel intact for several hundred kilometres befde being dispersed.
However, when emissions ffom diverse sources over a broad area
accumulate in stable air associated with anti~cyclo£ic conditions of
eastern North America or western Eufope, the pollutants become well
mixed by day—-time convection, and are slowly transported in the
southerly flows to the west of the h;gh pressure centres, to affect

areas several hundreds of kilometres across for days at a time.
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(iii) Transformation

The chemistry of sulphur dioxide in the atmosphere is complex.
There are many possible gas—phase reactions and reactions involving
liquid droplets and solid particulates by which sulphur dioxide may be

transformed into sulphate.

Reaction- rates for gas—phase oxidation of sulphur dioxide range

from a few tenths of a per cent to a few per cent per hour. For the

81

+

western Europe summer, Eggleton and Cox suggest_yéfﬁes of 0.5 to

5% hour™! in sunlight, depending on the‘degree of pdllution of the

atmosphere, with the lower figure relating to clean air. Calvert

82 a1s0 found rates up to 4% hour ™}

et al. in sunny, summer, urbanl
conditions. The most important mechanisms are those involving the
oxidation of sulphur dioxide by other short lived pollutants which have
been photochemically generated81. Because these reactions are
dependent on solar radiation, their importance decreases significantly

in winter and at night.

Although the liquid-phase oxidation of sulphur dioxide has been
extensively studied, there is still considerable disagreement in the
literature concerning the rates of reaction, Uncatalyzed oxidation is
thought to be relatively unimportant in the atmosphere, compared with
other possible liquid-phase reactionss3. Cataly sed oxidation in the
presence of metals (e.g. iron, manganese) is important in urban plumes
and perhaps urban fogs where their concentrations are sufficiently
high, but probably not in cleaner, rural air., Liquid-phase oxidation
involving the strong oxidising agent; ozone and hydrogen peroxide may

also be very important; however, reaction rates and atmospheric con-

centrations of these two substances are not well known.
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The effect of atmospheric ammonia is to retard the increase in acidity
of the solution resulting in further dissolution and liquid-phase
oxidation of sulphur dioxide. It is also important in the final trans-

formation of sulphuric acid to ammonium sulphate. Liquid-phase oxida-

e

tion reactions are generally thought to be of comparable importance to

the gas—-phase reactions.

Measurements indicate the sulphur dioxide is both adsorbe& and
oxidised on the surface of solid particles. Carbon_i§;believedzto be
a particularly effective surface. No unamﬁiguous §éte data is avail-
able. and the importance of these reactions to the overall conversion of

sulphur dioxide is difficult to assess,

(iv) Deposition

Pollutants are removed frombthe atmosphere by a number of
deposition processes: during dry periods by sedimentation, surface
adsorption and impaction; and during precipitation by a cloud and
below cloud scavenging. The relative importance of thesé processes
depends both on the climate Qfla region and on the physical and
chemical properties of the specific compounds present. Deposition
processes are relatively well understood and have been measured in the
laboratory and under certain field conditions; however, modelling them

realistically still poses considerable difficulty.

Direct surface uptake of sulphur dioxide is the most important dry
removal process for atmospheric sulphur. Turbulent motions bring the
gas in contact with the Earth's surface where it is adsorbed, dissolved
or undergoés chemical reaction, The uptake may be limited either by

the efficiency of the gas-phase transfer to the surface, or by the
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resistance imposed by the underlying surface. The oceans, other non-
acid moist surfaces, some crops and forest species at certain growth
stages are good sinks; whereas dry, snow-covered surfaces and acid

soils, for example, are less efficient.

‘Dry deposition of sulphate particles‘is much less important than
that of sulphur dioxide. Sulphate particles are predominantly iﬁ the
sub~micrometre range, and their removal by gravitation sedimentation is
slow. Scavenging by forests is thoughtto be an effective deposition

’

mechanism, but little quantitative information is available.

“bry deposition measurements are difficult to make. Approaches
being used include specialised micro-meteorological measurement
techniques,‘chemical tracer experiments and plume budget studies.
Thgse various techniques give comparable result884; dry deposition
typically accounts for qhe removal of atmospheric sulphur at rates up

to a -few per cent per hour,

Deposition by precipitation is the result of both in cloud and
below cloud capture of sulphur dioxide andfprticulate sulphur. In
cloud processes include sulphate particles serving as condensation
nuclei, cc .agulation, and diffusional uptake of sulphur dioxide,
Below cloud processes include interception of particles by fallingv

drops and diffusional uptake of sulphur dioxide.

Wet deposition is much more easily measured than is dry
deposition. Several precipitation chemistry networks exist in various
parts of the world for the routine measurement of wet deposition.
Sulphur deposition, usually in sulphate form, is determined from

measurements of sulphate concentration in precipitation samples and
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precipitation amount. Typically, the removal rate of particulate
sulphate is of the order of forty per cent per hour; and for sulphur
dioxide, an order of magnitude less. The overall efficiency of wet
removal depends on many factors: precipitation type, intensity,
duration, frequgncy, Fhe relative amounts of sulphur dioxide and

sulphate present, and the size distribution of particulate sulphate.

Wet and dry deposition appeaf to be of comparable importance on an
annual basis. Dry deposition is mbre important clbsqr to source areas
where concentrations are higher and tends éo go oﬁicontinually. Wet
deposition occurs periodically. Garland and Branson85 have estimated
that, over the United Kingdom, the dry deposition of sulphur is approx-
imately 2.3 times the wet deposition on an annual basis. Granat
E£_2£.80 found that the dry deposition rate over western Europe to be
0.7 to l.4 times that of wet depositioﬁ)‘ In regions where major
emission sources are more distant, such as Scandanavia, Dovland
gg_gl.86 have shown that wet deposition is-more important than dry.

For southern Norway, in particular, where orographic precipitation
contributes very significantly to the wet deposition, ‘wet deposition is

approximately 2.5 times the dry deposition.

(d) METHODS OF MONITORING SMOKE AND SULPHUR DIOXIDE

(i) Smoke

In general, it is not practicable to discriminate on the basis of
either particle or size or chemical composition when assessing - part-
iculate matter for routine monitoring purposes. The characteristics
of the sample are determined by the types of sources in the vicinity,

the weather conditions, and .- sampling procedure adopted. The main
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